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PREFACE 

A FIRM FIXED PRICE CONTRACT, with a REIMBURSABLE EXPENSES 
portion included to cover costs of ship operations (BLM CONTRACT 
N0 . 08550-CT4-11) was entered into on 8 May 1974 between the 
STATE UNIVERSITY SYSTEM OF FLORIDA, on behalf of the STATE 
UNIVERSITY SYSTEM INSTITUTE OF OCEANOGRAPHY (SUSIO) CONSORTIUM, 
and the U. S . DEPARTMENT OF THE INTERIOR, BUREAU OF LAND 
MANAGEMENT (BLM) . The contract consisted of the Request for 
Proposal (RFP) 74-2 issued by BLM, the Contractor's proposal 
submitted in response to the RFP 74-2, and the resulting nego-
tiated contract document with subsequent modifications . This 
document (ten copies) has been prepared for, and is submitted to, 
BIM as partial fulfillment of the terms of the subject contract ; 
however, this FINAL REPORT constitutes the completion of the con-
tractual obligations of the contract . 

The State University System of Florida Institute of 
Oceanography (SUSIO), contained within the State Universities' 
governing body, the Board of Regents, is a coordinating office 
for interinstitutional oceanographic matters . The permanent 
nrnfccci nnnl ct~ff i c cm~l 1 Dc c.,r.h ~nr rn»tr~nt~ c,i t}~ nro~r~i- 

zations outside of the State University System, SUSIO acts as the 
contracting and management body by further subcontracting with 
selected individuals through their respective organization, in 
order to assure the involvement of the most highly qualified 
people available to meet the requirements of the contract . To 
this end, professional and technical people from academia, gov-
ernment, and industry are utilized . Considerable success has 
been enjoyed in this approach of addressing large scale inter-
disciplinary programs--both in the advancement of scientific 
knowledge and in the application thereof . 
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I . SUMMARY OF BASELINE ENVIRONMENTAL SURVEY OF THE 
MISSISSIPPI, ALABAMA AND FLORIDA (MAFLA) LEASE AREAS 

CY 1974 



1 

i I . SUNIMARY-dF BASELINE ENVIRONMENTAL SURVEY OF THE MISSISSIPPI, ALABAMA, 
FLORIDA (MAFIA) LEASE AREAS : CY 1974 

A . Abridged General Area Description 

The Gulf of Mexico is a semi-enclosed basin with a surface 

area of 1,540,000 square kilometers . On the north and east 

sides, the continental shelf makes up 22 percent (340,000 square 

kilometers) of this area and is covered by water shallower than 

100 fathoms (180 meters) . The continental slope, between lOG 

and 1,700 fathoms (180-3,060 meters), covers 20 percent (310,000 

square kilometers), of the total area . Another 20 percent, 

below the depth of 1,700 fathoms, covers the Sigsbee and Florida 

plains . To the southeast are the two connections with other 

seas - the Straits of Florida with a sill depth of 475 fathoms' 

(860 meters), and the Yucatan Channel, with a 1,120-fathom 

(2,000-meter) sill depth . 

A comprehensive description of the water masses of the Gulf 

of Mexico, their interaction with the atmosphere, and circu-

lation at the surface and at depths still remains to be compiled . 

However, the work that has been done to date indicates that a 

major current - the Loop Current - exists in the eastern Gulf 

and is the key to understanding and predicting general circit-

lation patterns . The Loop Current enters the Gulf through the 

x Yucatan Charnel, moves in a clockwise loop and exits through the 

Straits, transporting one-third the volume of the Gulf Stream 

at rates of 1 to 4 knots . This transported volume is sufficient 

to fill the Gulf basin in 30 months . The Loop Current also 
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varies seasonally, can develop large eddies and influences the 

i currents on the continental shelf. 

The northeast continental shelf extends from the Mississippi 

Delta to the Dry Tortugas ; it is in contact with major draining 

systems including the Mississippi discharge, the major rivers of 

Mississippi, Alabama and Florida and the very broad area of the 

Everglades . The water on the shelf is not only modified and 

changed by the interface of the Loop Current but also by the 

fluctuations in these draining sources . This shelf water is 

further modified by the influence of the tidal fluctuations and 

meteorological conditions . There are a number of important areas 

of enrichment by upwelling which further change the character-

istics of the water masses . 

The living and non-living marine and coastal resources of. 

the eastern Gulf coast are important both economically and eco-

logically . The commercial and sport fisheries resources of the 

region are extensive and provide considerable income . Their 

value is great and is of significance not only to the region but 

to the nation . 

The coastal zone of Florida contains approximately 800 miles 

of Gulf shoreline and 2560 miles of bay and estuary shoreline . 

It is characterized by either high energy sand beaches with accom-

panying developed or developing recreational and related entre- 

preneurial activities or low wetlands that are extremely valuable 

in terms of biological productivity . 
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B. State University System of Florida Institute of Oceanography 
(SUSIO) Consortium 

-°A consortium of investigators from public and private insti- 

tutions and agencies having special interests and expertise in 

the Gulf of Mexico Region has been coordinated and managed by 

the State University System of Florida Institute of Oceanography 

(SUSIO) in the performing of the Baseline Environmental Survey of 

the MAFIA Lease Areas . 

In addition to the scientists participating in this contract 

in a formal manner as subcontractors, cooperation and/or liaison 

was coordinated with appropriate scientific agencies and indivi-

duals from state and federal governments . 

Participation in the scientific aspects of this program in-

eludes the following discipline studies, Principal Investigators, 

and organizations, hereinafter referred to as the SUSIO Con- 

sortium: 

DISCIPLINE STUDIES DESCRIPTIVE TITLE PRINCIPAL INVESTIGATOR 

Water Column Biota 

Phytoplankton Phytoplankton R . L. Iverson/FSU 
Analysis R. A . Woodmansee/GCRL 

Zooplankton Zooplanl:ton F. J . Maturo, Jr ./UF 
Analysis R. A . Woodmansee/GCRL 

Microbiological Microbial Biomass P .'A . LaRock/FSU 
Biomass (Water Sediment) 

Sample Collection 
and Training POC/DOC G . A . Knauer/FSU 

s 
Water Column Chemistry 

Hydrocarbons Water & Plankton J . A . Calder/FSU 
Suspended 
Particulates F .H . Pierce/U So .Miss . 
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L . J . Aoyle/USF 
T. V . Mayou/USF 

H . R . Wanless/UM 

Biota 

Macroinvertebrates N . J . Blake/USF 

Bottom Photography T . E . Pyle/USF 

Chemistry 

Sediment/Algae 
Sediment/Algae 
Benthic Fauna 

Sediments 
Benthic Fauna 

Benthos 

Hydrocarbons 

m 
Trace Metals 

R . E . Smith/SUSIO 
M. 0 . Rinkel/SUSIO 
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Trace Metals 

Nutrients 

Benthos 

Sediment Geology 

Benthos 

Histopathology/ 
Archiving 

Bottom Photography 
Remote 

Benthic Epifauna/ 
Scientific Divers 

Benthic Infauna 

Benthic Flora 

Dissolved 
Hydrocarbons 

Dissolved 
Hydrocarbons 

Zooplankton/ 
Particulate 
Dissolved 

Micronutrient 
Analysis 

Geology 

Carbonate Bottom 
Sediments 

W . M . Sackett/TAMU 

D . R . Schink/TAMU 

P . R . Betzer/USF 
D . A . Segar/NOAA/AOML 

K. A . Fanning/USF 

Epifauna and 
Flora 

Polychaetes 
Polychaetes, 
Biomass 

Foraminifera 
Micromolluscs 

Sargassum 

Management 

Procurement & Administration 
Ship Operations, Logistics 

T. S . Hoplcins/iTWF 

B . A . Vittor/UA 

H. Kritzler/FSU 
W . D . Bock/UM 
D . R . Moore/UM 

H. J . Humor/USF 

J . S . Lytle/GCRL 
T . L. Lytle/GCRL 
P. A. Meyers/U Mich . 

B . J . Presley/TAMU 
S. B . Betzer/USF 
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AOML Atlantic Oceanographic & Meteorological Labora- 
-+ tories/NOAH (Public/Federal) Miami, Florida . 

FSU Florida State University (Public/State) Talla- 
hassee, Florida . 

GCRL Gulf Coast Research Laboratory (Public/State) 
Ocean Springs, Mississippi . 

TAMU Texas Agricultural & Mechanical University 
(Public/State) College Park, Texas . 

UA University of Alabama, Marine Sciences Program 
(Public/State) Dauphin Island, Alabama . 

OF University of Florida (Public/State) Gainesville, 
Florida . 

UM University of Miami (Private) Miami, Florida . 
U MICH . University of Michigan (Public/State) Ann Arbor, 

Michigan . 
U . S . MISS .* University of Southern Mississippi (Public/State) 

Hattiesburg, Mississippi . 
URI'^ University of Rhode Island (Public/State) Kings- 

port, Rhode Island . 
USI' University of South Florida (Public/State) Tampa, 

Florida . 
UWF University of West Florida (Public/State) Pensa- 

cola, Florida . 

" T12 PT1.T1C1DHl. TnvPSYlon}-nY YYAnCfrrrarl frrttn t}in TTrii-Arci'- of 
- -- 

r ' _ 

Rhode Island to the University of SouLliern Mississippi after 
work on the contract had begun. 

MAFIA Survey P lan 

The subject survey provides quantitative and statistically 

valid baseline (benchmark) measurements of selected factors that 

may vary as a direct result of oil and gas exploitation at pri-

ority locations within the MAFIA area . Constraints of time and 

funding were recognized . To enhance continuation of the study 

of this area and the collection of comparable data in the 

future monitoring phase, special attention was paid to (a) pre-

cision location of bottom sampling sites, (b) careful documen-

tation of design of sampling strategies, (c) efficient and con-

tamination-free separation and handling of sample materials, 

(d) selection of proper, readily accessible archiving sites, 
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and (e) coordination of work between institutions and agencies 

having expertise in and special concern with the areas in ques- 

tion . 

In the event of spills or other real or alleged acute or 

chronic pollution as a result of petroleum exploitation, these 

baseline studies have been designed within the restraints that 

have been imposed, to be sufficiently definitive, statistically 

and analytically, so that certain future changes might be iden-

tified with confidence . In this context, the Consortium's sub-

ject survey was planned to not only satisfy public anal official 

desires for information, but also to set precedents or provide 

guidance for future work in the MAFIA and other areas . 

The SUSIO Consortium MAFIA survey was performed as follows : 

l . Water Column Surve 

In each lease area, water column studies took into 

consideration the key elements present and their inter- 

relations : biota ; hydrocarbon ; and trace metal composition 

of the water column and the biota . 

a . Biology 

Water column samples for biological studies were 

taken at fifteen (15) master stations and four (4) 

control stations . Each station consisted of 30-liter 

Niskin samples taken at three (3) depths . These 

s samples were obtained from surface, mid-depth, and 

several (2-6) meters above bottom . If a thermocline 

existed, as determined from XBT data, mid-depth samples 

were taken at thermocline depth . If no thermocline 
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was present, the mid-depth sample was taken halfway to 

.s the bottom . A total of fifty-seven (57) discrete water 

samples were taken from all stations . 

Sampling of the zooplankton was planned and per-

formed on fifteen (15) master stations and four (4) 

control stations . Zooplankton sampling was accom- 

plished in two ways : 

(1) Three to five 15-minute stepped oblique 

trawls were made in surface, mid-depth, and 

bottom waters using 2 meter diameter Nitex nets 

of 202 mesh with a double-trip opening and clos-

ing device . All nets were equipped with T-S or 

General Oceanic flowmeters . These resulted in 

two hundred sixty-seven (267) separate zoo- 

plankton samples . 

(2) One to two one-hour stepped oblique tow was 

made in a manner similar to that described in 

the previous paragraph at each of the fifteen 

(15) master stations and four (4) control sta-

tions . These resulted in thirty-six (36) sepa-

rate zooplankton tows in addition to those men- 

tinned in the preceding paragraph . 

Each fifteen (15) minute sample was split 

with a portion maintained for species identifi- 

cation, counting, and diversity analysis, and 

dry weight biomass determinations . 

i Each one (1) hour toga was split as follows : 
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taken in conjunction with biological studies as des-

cribed above . Enough replicates were taken from the 

30-liter samples to obtain the required volume of water 

for all subsamples . Subsamples of these water samples 

were taken for further laboratory analysis as follows : 

Size of Subsamples 

3 liters 
3 liters 

20 liters 
20 liters 

1 liter 

40 liters 
40 milliliters 

9 liters 

8 

i 

One-fourth for displacement volume determin-
ation and maintained for species identifi-
cation, counting, and diversity analysis 

Three-eighths for wet and dry weight biomass 
determinations, and subsequent trace metal 
analysis 

Three-eighths for hydrocarbon analysis 

A total number of 303 tows were obtained . 

Subsamples of these water samples were maintained 

for further laboratory analysis as follows : 

Total No . of Subsamples 

267 Zooplankton identification 
267 Dry weight biomass 
36 Wet weight biomass 
36 Trace Metal analysis 
36 Hydrocarbon analysis 
267 Tar ball analysis 

Chemistry 

water column samples nor chemical studies were 

Total No . of Subsamples 

208 Chlorophyll 
126 Particulate organic carbon 
114 Phytoplankton species 

identification 
114 Phytoplankton cell volumes 
111 Low molecular weight 

(hydrocarbons) 
42 High molecular.weight 

(hydrocarbons) 
126 Dissolved organic carbon 
66 Trace Metal Analysis 

(dissolved) 
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42 Particulate hydrocarbons 
(filtered from same sample ,. 
as high molecular weight 

_s hydrocarbons) 
42 Trace metal analysis (on.particulates) 

Additional samples were taken at each station 

and prescribed depths using five (S) liter Niskin 

samplers . The total number of these samples was 

fifty-seven (57) . Subsamples of these water samples 

were taken for further laboratory analysis as follows : 

Total No . of Subsamples Size of Samples 

126 ATP - Total Living 13iomass 2 liters 
66 Micronutrients 0.1 liter 

114 Dissolved Oxygen 0.5 liter 

The dissolved low-molecular weight hydrocarbon 

portion of the survey consisted of two parts . For 

the first part, discrete samples (111) collected dur-

ing various MAFIA cruises were analyzed ashore . For 

the second part, the Texas A & M hydrocarbon sniffer 

system was used to survey C1 to C5 hydrocarbon con-

centrations in the surface water (nine feet below sea 

level) . The cruise track for this sampling went from 

St . Petersburg, Florida, through all five MAFIA lease 

areas and then around the Mississippi delta and across 

the Louisiana and Texas continental shelf to Galves- 

ton, Texas . 

2 . Bottom Survey 

Benthic collections were performed of sufficient 

quantity to permit statistically significant evaluation 

of benthic community diversity, nature of benthic biota 
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and assessment of substrate . Multiple samples within each 

.% area were taken with a box core to permit : uniform samp- 

ling ; description of area ; depth of substratum for sediment ; 

biota ; and adequate quantity of sample for subdivision for 

quality control and archiving . Quantitative analysis of 

communities was made on selected stations . Benthic collec- 

tions were supplemented by bottom photographs (35 mm) ob-

tained by divers and/or by remote bottom cameras (prior to 

curing) on each of the sixty--five (65) benthic stations . 

A minimum of thirty (30) frames were taken with the remote 

camera at each station, although in practice many more were 

taken on most stations . These data, supported by ground 

truth via Capetown dredging of selected sites, have per-

mitted assay and post cruise evaluation o£ faunal and 

floral communities . Special attention was given to the 

Middle Ground and Clearwater areas, where fauna and flora 

are extremely important, and bottom visibility permits maxi-

mum utilization of photographic observations . 

a . Box Cores 

Bottom samples were taken on sixty-three (63) 

total stations, including thirty-eight (38) master 

stations and twenty-five (25) control stations . 

Eleven replicates were collected from most stations 

resulting in six hundred forty-seven (647) total bot- 

tom samples . (Replicates could not be collected on 

some stations due to bottom texture) : the eleventh 

core was taken to provide the 3 kg samples for hydro- 



Various subsamples of the 647 box cores collected 

were taken for further laboratory analysis as follows : 

One box core sieved 
through ~i Nitea screen . i 

11 

carbon analysis . 

In the event samples sufficient to perform the---- 
.ti 

required analysis could not be taken by box core (five 

(S) attempts at each station, as a minimum, were attemp- 

ted to document inability to acquire samples by box 

core), a Capetown dredge was employed on those 

stations izilieu of box core sampling . 

A visual description was recorded of each box core 

that was taken . In addition, 35 mm color photographs of 

each core were taken ; tests for physical properties were 

made with a hand-held vane shear apparatus ; from one box 

core at each station a slab approximately 2 cm x 6 .5 cm 

x 20 cm was cut and x-radiographed for sedimentary 

. ..._ t~ .. . .,.l :-i." . .. .y wu .3 uiouc tlVtlt 1.11C 

S18h . 

Total Nos . Purpose 

126 Sediment Analysis 
125 Micromolluscs 
128 Foraminifera 
63 Hydrocarbon Anal . 
63 Hydrocarbon 

Archiving 
57 Trace metals 
63 Total organic 

carbon 
260 Sediment ATP 
481 Microfaunal 

Analysis 

63 Key dominant 
microfauna 

No . & Size of Subsamples 

2 - 3x15cm cores 
2 - 3x5cm cores 
2 - 2zxl5cm cores 
3 kg sample from top 10 cm 

3 kg sample from top 10 cm 
1 - 2x15cm core 

10 cc 
1 cc 

Top 15 cm of remainder of 
8 box cores sieved through 
500 u Nitex screen 
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Three equal groups of 
microbenthos maintained 
for trace metal analysis, 
hydrocarbon analysis, 
histopathological slides . 

Sixty-three of the sixty-five (65) benthic collec-

tion sample sites produced sufficient material for sedi- 

ment sampling . Station 51 and 58 were sampled by Cape- 

town dredge, after unsuccessful box core attempts . 

b . Benthic Biota Analysis 

All infaunal samples were sorted into taxonomic 

groups, and subsequent biomass determinations were 

made . Polychaetous annelids were identified to at 

least family level, and in most cases to species level . 

In those instances where there were numerous indivi- 

duals from other taxonomic groups, an attempt was made 

to identify those organisms to genus and species levels 

for purposes of characterizing the community . Analysis 

of the extractable hydrocarbon content of the benthic 

epifauna and infauna was performed . 

For the key dominant macrofauna picked from the 

screened box core sample, a faunal list was prepared on 

which all such species were identified, and their rela- 

tive abundance in the sample estimated . 

All benthic floral samples, and samples of oppor- 

tunity of planktonic flora were properly labeled, pre- 

served, packaged, and processed for species identifi- 

cation and archiving as required . 

i 
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c . Sediment Analysis 

Standard parameters . Analyses for standard sediment 

r -' 
parameters were performed on suUcores from two separate 

box cores . Coarse fraction grain size analysis was accom- 

plished using both the sieve technique and the rapid sedi- 

ment analyzer (settling tube) . In samples, where the fine 

fraction accounts for ten percent or more by weight of the 

total sample, analysis of fines were performed ; results 

are presented as percent silt and percent clay . Sand sized 

material is reported as weight percents of full phi frac- 

tions . 

All samples were analyzed for percent carbonate using 

an acid leaching-gas displacement method . 

Two samples, one from each sediment subsamDle taken ;n 

Areas III, IV, and V, were prepared for clay mineralogy 

analysis . These samples were analyzed using X-ray diffrac-

tometry techniques . All clay minerals were identified, 

anal their abundances determined on a semi-quantitative 

basis . 

Carbonate sediment analysis . A split of each full phi 

fraction of the sieved sediment from each station in Areas 

I and II and those samples from Area III containing greater 

than five percent calcium carbonate were packaged dry and 

later analyzed . 

The following analyses were made for each sample : 

General description by microscope of sediment to 

include color, surface textural attributes, degree of 
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Point count of 300 carbonate grains in each size frac-

tion (greater than 2000, 2000-1000, 1000-500, 500-250, 

250-125, less than 125 microns) for constituent analysis of 

skeletal grain types, non-skeletal grain types, and sili-

ceous skeletal remains . 

Concurrent point count of carbonate versus non-carbonate 

grains for each size fraction based on a total of 300 car-

bonate counts . 

If less than 300 grains were present in a sample frac- 

tion, analysis was made on the total number of grains . For 

any samples in which grains were too abraded or bio-corroded 

fcr ...,~..t, . ..~_~ .. ..~ .,r~_ r.,~.. .. .. ., ... . .. ..~ ... ..~_~ .,~,. .._~ _c--- __ .,_.. 

an impregnated whole sample . Constituent composition for 

the sample was made by point count analysis of the thin 

section using petrologic characteristics of skeletal 

microstructure for identification . 

Descriptive and analytical data are presented in tab-

ular, graphical and map form . Graphical results of consti-

tuent composition plotted against grain size are also 

reported . 

d . Diving and Bottom Photography 

At those stations where infauna could not be sampled, 

epifauna and flora were characterized by bottom photography . 

Open circuit SCUBA was used in conjunction with diver-towed 

14 

fragmentation of different grain constituents, and~constit- 

uent composition . 
. 1 

vehicles and hand-held cameras (33 mm still and super S mm 
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movie) to make assessments of five (S) meter square quadrants 

at selected stations in each area where depth did not exceed 

14 _ 6 

150 feet ; normally no decompression time limitations were 

adhered to ; however, limited decompression dives were per-

formed on occasion, as a matter of necessity and safety . 

The numbers of such stations were as follows : Area I - five 

stations ; Area II - twelve stations ; Area III - five stations ; 

Area IV - four stations ; and Area V - two stations . The 

original number of dive stations in Areas IV and V was de-

creased due to extreme visibility conditions . In the 

deeper areas, topside operated remote bottom cameras were 

used . 

Color and black and white photographic stations were 

established at the infaunal stations . Photographic data , 

were supplemented by dredging as selected sites to provide 

"ground truth" for the photographic coverage . 

Capetown dredges were used on select stations to gather 

representative samples of epifauna and epiflora as appro- 

priate . Stations were selected on the basis of outcroppinbs 

or areas of relief as determined by shipboard fathometry . 

Selected macrofauna and macroflora recovered either from 

diver surveys or Capetown dredges were preserved in alcohol, 

formalin, or formalin-acetic acid depending on which was 

most suitable for that particular sample . Floral and faunal 

" samples were frozen in the appropriate manner for chemical 

analyses for trace metals and hydrocarbons, and for archiv- 

ing . 
I 
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3 . Physical Oceanography 

Only temperature, dissolved oxygens and salinity meas- 

urements were taken in the present survey . These were 

necessary to identify water masses which may have a bearing 

on data interpretations, now and in the future . 

Historically, Loop Current water has occurred throughout 

the MAFIA areas . In MAFIA Areas I, II, III, and IV, the 

loop current has occurred in May and June . For this reason, 

control stations were placed toward the continental slope 

seaward from the leased tracts . Model 9060 STD units were 

used to define water mass structure at these stations . 

Expendable bathythennograph (XBT) casts were also made 

at every station, between stations, and during periods of 

sustained plankton tows . 

The water column collections were planned and coordin- 

ated with satellite imagery data and information from a 

separate study of the physical-oceanographic-hydronamic 

phenomena of the MAFIA area as being compiled from existing 

historical data, both published and unpublished (SUSIO/BIM 

Contract No . 08550-CT4-16) . The physical oceanography con-

tract is to be completed in CY 1975 and reported on accord-

ingly. 

Multivariate techniques (MONOVA) have been employed for 

analysis of physico-chemical factors in conjunction with 

plankton component interactions . 

4 . Ship Scheduling/Operations 

a. Water Column Survey 
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This work was accomplished by the use of 

three operating vessels and one standby; the R/V 

GULF RESEARCHER, R/V TURSIOPS, R/V BELLOWS, and 

R/V AQUARIUS . These vessels were scheduled as 

follows : 
Trace Nutrients-
Metal Dissolved 

Phyto- Zoo- Hydro- Low-Molecular Wt. 
plankton Plankton carbons Hydrocarbon 

Area I BELLOWS T[JRSIOPS TURSIOPS BELLOWS 

Area II BELIAWS TURSIOPS NRSIOPS BELLOWS 

Area III BELIAWS TURSIOPS TURSIOPS BELLOWS 

Area IV GULF GULF GULF GULF 
RESEARCHER RESEARCHER RESEARCHER RESEARCHER 

Area V GULF GULF GULF GULF 
RESEARCHER RESEARCHER RESEARCHER RESEARCHER 

(R/V ACQUARIUS was maintained on standby as a back-up vessel for 
contingency purposes .) 

Each vessel was equipped with RADAR and LORAN 

A. Sao hydro-winches were aboard each vessel ; 

one winch had a minimum of 400 meters 3/16" poly-

propylene-coated cable, and the other had 3/17" 

steel cable . Each vessel had a minimum of four 

30-liter bottles, four sets of opening and closing 

meter 202 ti mesh plankton nets, a Model 9060 STD 

unit, an XBT System, and one case of T-10 XBT's. 

(b . Bottom Survey 

A subcontract was executed with the Marine 

Biomedical Institute of the University of Texas 

Medical Branch at Galveston for use of the 

i 



Lutu&N H ana stanaara communications equipment . 

The R/V AQUARIUS acted as a back-up vessel 

for these operations . 

In general, the survey cruises were per-

farmed in the following manner . R/V MISS FREE- 
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R/V MISS FREEPORT for the collection of all box 

cores . The vessel was equipped with an electric 
1 

winch with 3/8" cable, a hydraulic crane, and 

"A" frame of five-ton capacity, and a IARAC Sys- 

tem and two operators, plus RADAR, LORAN A, and 

standard communications equipment . SUSIO furn- 

ished the vox core (on loan from the University 

of Rhode Island) and the 3/8" cable. 

Diving operations in Areas I through V were 

conducted from the R/V BELLOWS . This vessel had 

a crew of three persons, a IARAC operator, and a 

scientific staff of seven qualified scientist 

divers . The vessel was equipped with RADAR and 

PORT started work in Area V and moved east and 

southward, collecting stations through Areas IV, 

III, II, and I . Diving operations started in 

Area III then moved west to Areas IV and V, and 

then southeastward to Areas II and I . Water col-

umn work occurred first in Areas IV and V and 

then in III, II, and I . 

All vessels worked in Areas V, IV, and III 

during May, and the R/V MISS FREEPORT, R/V 
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TURSIOPS, and R/V BELLOWS in Areas III, II, and 

I in June . This scheduling program allowed the 

complete set of water column sampling equipment, 

i .e ., STD, XBT System, 1.7, 5, and 30-liter 

bottles and plankton nets to be in reserve in 

Areas III, IV and V in May, and Areas I, II and 

III in June, in case of wire breakage or loss of 

individual items . 

Between the time the contract was executed on 

May 8, 1974, and cruises commenced on May 13, 

1974, the activities of virtually all personnel 

connected with the contract, who conducted ship-

board operations or who were responsible for 

shipboard collections_ were nhannPlPd iritn Hip 

procurement of the necessary equipment for the 

at-sea operations . In an attempt to not exceed 

the six-day mobilization period permitted prior 

to the 60-day collecting period allowed before 

"liquidated charges" would be imposed, SUSIO 

assumed the responsibility of ordering equipment 

and supplies for those individual universities 

or institutions that could not purchase equipment 

or supplies until they had received formal con-

tracts and budget numbers . 

Despite the complete cooperation and unequi- 

vocal support of Dr . William H . Taft of the Univer- 

sity of South Florida, Dr'. Robert M. Johnson of 
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Florida State University, Dr . Woodmansee of the 

r Gulf Coast Research Laboratory, Dr . Thomas S . 

Hopkins of the University of West Florida, Dr . 

Harold R. Warless of the University of Miami, and 

others, and the assurances of the distributors 

and suppliers of the equipment, a number of items 

could not be secured by the starting date for 

ship operations, May 13, 1974 . Fortunately, these 

items that were absolutely necessary were pro- 

cured on loan from a variety of sources . 

Before termination of this portion of the 

report, acknowledgment is appropriately given to 

one individual and his staff ; without their 

effort it would have been impossible to mobilize 

the ships or commence this contract within the 

time constraints of this contract . This acknow-

ledgment goes to Dr . William H. Taft, and the 

procurement personnel at the University of South 

Florida who took it upon themselves to issue 

over $44,000 worth of emergency purchase orders 

between 3 :30 P.M . and 5:00 P.N. on May 8, 1974, 

the execution date of the contract . This support 

was given despite the fact that, in many cases, 

the purchase orders would have to be cancelled 

later and re-issued under the accounts of indi- 

vidual universities . 
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. S . Navigation 

. . To meet navigation precision required (+ 20 meters) 

for the benthic and sediment sampling, IARAC Systems and 

operators were leased . LORA.C navigation was employed in 

conjunction with box coring, bottom photography, dredging, 

and diving operations . At each of the master benthis 

stations a permanent cement marker was placed to permit 

precise station identification in the future . 

6 . Archiving 

To meet time and funding limitations, the greater por- 

tion of the baseline sample materials has been archived 

rather than to attempt to analyze these immediately . 

Subsanples were taken from the box cores and the dis-

position of these are as follows . One 10 cm diameter sub-

core and nine 5 cm diameter subcores of the box cores were 

shipped to the NOSF-sponsored core storage facility at 

Florida State University where they are refrigerated at 

40° C . Two 5 cm diameter subcores from each station were 

shipped to Dr . Larry J . Doyle, University of South Florida, 

for standard pediment analysis . Sieved at full phi inter-

vals, splits of the sand-sized sediments in Areas I, II, 

and III were shipped to Dr . Harold Wanless at the Univer-

sity of Miami for carbonate constituent analysis . Photo-

graphs of box cores and X-radiographs are in the possession 

of Dr. Larry J . Doyle at the University of South Florida . 
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Other individual Principal Investigators are archiving 

specimens/materials at their respective laboratories as 

appropriate . 

D . Preliminary Scientific Observations on Environmental Applications 
and Conclusions Drawn from the MAFIA Survey 

Crude oil-like hydrocarbons have not been identified in 

sediments, bottom organisms, or organisms or phases in the water 

column in Areas I, II and III . Moreover, the abundance and div-

ersity of organisms, as well as evidence of similar populations 

living in the same niches on the shelf in the recent past, sug-

gest that these organisms are living in an essentially pristine 

and natural ecological state, and show no evidence of stress 

owing to influx of pollutants . The situation is more complex 

in Area IV . Proximity to the Mississipvi Delta and its stronc 

turbidity and periodic freshwater influences, creates a similar 

kind of stress for the westernmost stations as that encountered 

more strongly in Area V. Some sediments in the area show influ- 

ences of petroleum-type hydrocarbons in aliphatic components of 

lipids, whereas others show only the odd-number predominance 

typical of biologically synthesized hydrocarbons . Organism 

analyses show similar divergent trends . Heavy metals show back-

ground or subbackground levels . . Area V sediments revealed uni-

versal indications of petroleum hydrocarbons in the sediments . 

Their weathered nature led the Lytles to infer a Mississippi 

River origin for them . However, the areas in question are to a 

large extent poorly productive of epi- and infauna other than 

stress-tolerant species, and it is problematical what influence 

the added hydrocarbons have on the system . 
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Distribution of suspended matter is significant for natural 

processes of removal of oil . Suspended matter and zooplankton 

productivity (via fecal pellet formation and sinking processes) 

are both known to be effective means of collection and sinking 

of oil pollutants . Hence, off areas V and IV, spills and 

surficial slicks of oil will be brought down mute effectively 

and rapidly (perhaps by one or more orders of magnitude) than in 

the clear water areas to the south. This means that, in the 

absence of human clean-up or recovery, a greater percentage of 

the oil will remain in surface water of the southern areas to 

be either moved on by currents or impinged on and absorbed at 

the coastal zone, except under unusual conditions such as storm- 

related turbidity. 

Heavy metals in sediments, waters, organisms or suspended ' 

matter have not shown concentrations beyond those expectable for 

comparable unpolluted materials . In fact, sediments have unus-

ually low background levels for trace constituents over much of 

the area. In my opinion, it appears that heavy metals in petro-

leum or petroleum-related brine seepages are not a major hazard, 

owing to their low concentrations in oil and brine . Calculations 

show that some of the larger historical spills, if distributed 

over a typical bottom sediment area might have difficulty in 

building up ambient concentrations beyond background . Moreover, 

the chief elements in oils, vanadium and nickel, have relatively 

-low toxicity . This-does not preclude a buildup of detectable 

residues of vanadium and nickel in benthic and encrusting and 
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fouling organisms and sediments as a result of chronic low 

i level spills . 

The excellent background of analytical information on organ- 

isms from a clean environment should invite complementary anal- 

yses of similar species from "dirty" environments,'if they can 

be found and vouched fort to establish comparative knowledge of 

metal influences on a wide spectrum of organisms . 

Trace elements may be potentially more significant as pollu- 

tion from land sources . The investigated sites were not close 

enough to shore and potential sources of pollutants to detect 

plumes and ranges of influence of land-derived wastes . Baseline 

maps of trace element and hydrocarbon constituents should, in 

the future, extend to the shore to delineate land-derived influ- 

ences from potential offshore pollutants . 

Over the short range, substrate largely controls bottom 

fauna. This is true to an extreme degree in the Middle Ground . 

Over wider areas other factors come into play : temperature, 

recruitment of eggs and larvae via water movements are examples . 

The unusual fauna and flora of both the Flower Garden and the 

Middle Ground reefs may require a combination of bottom substrate 

and impingement of Caribbean breeding stock, transported by the 

Loop Current . 



II . MAFLA SURVEY 
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Final Report 
BIM Contract 408550-CT4-11 
MAFIA Survey Cruise Objectives 

A. OBJECTIVES 

1 . BIM Cruise # 1 (R/V BELLOWS) 

To eze:cute baseline environmental surveys of the MAFIA lease areas 
I, II, III, between May 13-16, 1974, under the Department of the 
Interior, Bureau of Land Management Contract No . 08550-CT4-11 by : 

a . Collecting physical data with XBT's or STD lowerings 
b . Collecting phytoplankton samples . 
c . Collecting dissolved oxygen samples . 
d . Collecting dissolved micronutrient samples . 
e, Collecting samples for chlorophyll determinations . 
f . Collecting water samples for ATP analysis . 

" BLM Cruise # 2 (R/V MISS FREEPORT) 

To exiecuLe baseline environmental surveys of the MAFIA lease areas 
I, II, II, IV, & V between May 16-June 6, 1974, under the Department 
of the Interior, Bureau of Land Management Contract No . 08550-CT4-11 
by : 

a . Photographing bottom profiles . 
b . Collecting a quantitative sample for sediment analysis and 

archiving . 
c . Collecting a quantitative sample for infaunal community 

structure determination . 
d . Collecting a quantitative sample for key dominant species 

determination and chemical archiving . 

3 " BLM Cruise # 3 (R/V GULF RESEARCHER) 

To execute baseline environmental surveys of the MAFIA lease areas 
IV and V between :clay 15-22, 1974, under the Department of the 
Interior, Bureau of Land Management, Contract No . 08550-CT4-11 by : 

a " Collecting physical data with XBT's or STD lowerings . 
b " Collecting phytoplankton samples . 

Collecting low molecular weight hydrocarbon samples . 
d " Collecting dissolved micronutrient samples . 
e " Collecting samples for chlorophyll-a determinations . 
f " Fixing one gallon of water for identification of plankton . 



a. Making in situ SM2 quantitative investigations of bottom 
dwelling invertebrates (epifauna) and algae (epiflora) 
using open circuit SCUBA. 

b. Documenting community structure using black and white and 
color photography . 

" Conducting dredging operation using a Capetown dredge to 
correlate with diving operations and photography ("ground 
truth" dredging) . 

d " Collecting biota for baseline chemical analysis (trace metal 
and hydrocarbon) by using participating institutions (USF, 
GCRL, TAMU) . 

5 . BIM Cruise #S (R/0 TURSIOPS) 

26 

Final Report 
BLM Contract 408550-CT4-11 
MAFLA Survey Cruise Objectives 

A. OBJECTIVES contd . 

4 . BIM Cruise #4 (R/Y BELLOWS) 

To execute baseline environmental surveys concerning benthic 
communities in the MAFLA lease areas I, II, III, IV & V between 
May 18-June 30, 1974, under the Department of the Interior, 
Bureau of Land Management Contract No . 08550-CT4-11 by : 

To execute baseline environmental surveys in the MAFLA lease 
areas I, II, and III between May 24-June 7, 1974, under the 
Department of the Interior, Bureau of Land Management Contract 
No . 08550-CT4-11 by : 

a . Collecting physical data with XBT's and STD lowerings . 
b . Collecting particulate and dissolved high molecular 

weight hydrocarbons . 
c . Collecting dissolved low molecular weight hydrocarbons . 
d . Collecting particulate and dissolved samples for trace 

metal analysis .' 
e . Collecting zooplankton samples for hydrocarbon analysis . 
f : Collecting zooplankton samples for trace metal analysis . 
g . Collecting zooplankton samples for species identification 

and statistical analysis . 
h . Collecting samples for particulate organic carbon analysis 

and dissolved organic carbon analysis . 
i . Training of personnel from Gulf Coast Research Laboratory in 

collection procedures for above items . GCRL group collecting 
in Areas IV and V. 
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Final Report 
BLM Contract #08550-CT4-11 
MAFLA Survey Cruise Objectives 

A. OBJECTIVES contd . 

6 . BIM Cruises # 6/7 (R/V GULF RESEARCHER) 

To execute baseline environmental surveys of the MAFIA lease 
areas IV & V between June 17-22 and June 26-30, 1974, under 
the Department of the Interior, Bureau of Land Management 
Contract No . 08550-CT4-11 by : 

a. Collecting physical data with XBT's or STD lowerings, and 
dissolved oxygen samples . 

b. Collecting samples for ATP determination. 
c. Collecting samples for dissolved and particulate organic 

carbon determination . 
d . Collecting samples for dissolved and particulate high 

molecular weight hydrocarbon determination . 
e . Collecting samples for dissolved and particulate trace 

metal determination . 
f . Fixing one gallon of water for identification of zooplankton . 
g . Collecting. samples at A7 which were missed on BLM Cruise #3 . 
h . Collecting 15 minute and one hour zooplankton samples . 

('.t11 lPrfiina camr~l ac fnr onn*,l ",Ltn.. t.- ..~-.~ a .. _ _s__~_ __ 

j . ,Collecting samples for zooplankton hydrocarbon determination . 

7 . BLM Cruises # 8/9 (R/V MISS FREEPORT) 

To execute baseline environmental surveys of the MAFIA lease 
areas I, II, III, IV, and V between June 20-21 and June 21-22, 1974, 
under the Department of the Interior, Bureau of Land Management 
Contract No . 08550-CT4-11 by : 

a . Determination of Light Hydrocarbons using "Sniffer" 
technique ; Rephotograph Benthic Strata (BLAi 8) . 
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D . STATION IDENTIFICATION INDEX 

The STATION IDENTIFICATION INDEX defines all stations sampled within 

the MAFLA lease areas during the baseline survey and correlates synonymous 

stations sampled by more than one research vessel . Each consecutive number 

represents a geographical location (station) and is defined by the appro-

priate latitude and longitude . A station may be designated by more than 

one station number due to the numerous research cruises involved in the 

survey . The "sample description" denotes the type of sampling performed at 

each station, and sample types are defined as follows : . 

a . Boxcore Sample : Boxcore replicates ranging from zero to eleven 
cores in number, dependent on physical proper-
ties of bottom 

b . Dredge Sample : Capetown dredge used to supplement boxcoring and 
complement epifaunal sampling by divers 

c . Bottom Photo : Refers to remote bottom photography 

d . Dive Station : Epifauna description through photography, 
observation, and collection 

e . Water Column : All chemical and biotic water column sampling 
including~~the hydrocarbon "sniffer" operation 
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VII. STATION I!)ENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLH SAt+P: .E DATE . DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 
N0. N0 . AREA LATITUDE N . LONGITUDE W. CRUISE N0 . DAY/110 . /YR. (FT. ) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

1 1 V 29055'02" 88043'24" 2 16/0'/74 42 Control X X 
1, V-E V 29 55 00 88 43 30 4 25/0E/74 70 Control X 

2 2 V 29 55 16 88 26 54 2 17/0_`/74 78 Master X X 
2, V-F V 29 55 30 88 33 30 4 25/0f/74 86 Master X 
2 V 29 55 30 88 33 30 8/9 22/0f/74 Master % 

3 3 V 29 53 31 , 88 29 49 2 17/0'/74 96 Master X X X % 
3,V-A ' V 29 53 30 88 30 00 4 23/0_`/74 100 Master X 
3, V-A V 29 53 30 88 30 00 4 24/0f/74 95 Master 

4 4 V 29 47 59 88 31 21 2 17/0_`/74 90 Control X R 
4,V-D V 29 48 00 88 31 30 4 25/0( /74 100 Control X 

5 5 V 29 55 30 88 25 00 2 24/0`_/74 102 Control X X 
5,V-B V 29 55 30 88 25 00 4 24/0E/74 100 Control X g 

6 6 V 29 58 30 88 20 58 2 24/0`_/74 96 Master X X 
6,V-C V 29 58 30 88 21 00 4 24/0E/74 102 Master X 
6 V 29 58 30 88 21 00 8/9 22/0f/74 Master R 



VII. STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC. STATION LEASE BLM SAMPLE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 
N0. N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY/M0 ./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUlIN 

7 t V 29°55'59" AS°14'58" 2 24/0'/74 105 Master X X . 
7 - V 29 56 00 88 15 00 8/9 22/0t./74 Master X 

8 8 V 30 O1 30 88 11 59 2 25/0 .' ./74 78 Control X X 

41 9 9 V 29 53 30 88 12 27 2 18/0.1,/74 102 Master X X 
9 V 29 53 33 88'12 59 2 102 Master X R 

10 10 V 29 48 05 88 13 28 2 18/0 : ./74 114 Control X X 

11 11 IV 29 43 30 87 54 29 2 25/05/74 114 Master ,X X 
11 IV 29 43 30 87 54 30 8/9 22/O1 ./74 Master R 

12 11-A IV 29 53 03 87 O8 20 2 Alternate 

13 12 IV 29 45 29 87 46 30 2 26/0 .'i/74 120 Control X ' X 
12,IV-A IV 29 45 30 87 46 30 4 26/0 : ./74 128 Control X % 
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VII . STATION :IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAM1'L$ DATE DEPTH STATION BOXCORS DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N . LONGITUDE W. CRUISE N0 . DAY,'MU ./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

14 13 IV 29038'30" 87044'59" 2 28/0i/74 114 Master ' X X 
13, IV-B IV 29 38 30 87 45 00 4 27/09/7 115 Master R X 

15 14 IV 29 35 57 87 48 03 2 29/0i/74 114 Raster X R 
14, IV-C IV 29 36 00 87 48 00 4 29/0i/74 120 Master X X 

14 IV 29 36 00 87 48 00 8/9 22/0i/74 Master % 

N 
16 15 IV 29 30 29 87 47 00 2 29/0S/74 174 Control X X 

17 16 IV 29 40 29 87 37 01 2 27/0i/74 120 Control X X 
16, IV-F IV 29 40 30 87 37 00 4 29/01/74 120 Control R . X 

18 17 IV 29 36 30 87 26 57 2 30 O.i 74 216 Raster X X 
17, IV-E IV 29 36 30 87 27 00 4 29/0.i/74 225 Master % 

17 IV 29 36 30 87 21 00 8/9 22/0~i/74 Master R 

19 18 IV 29 33 01 87 24 00 2 2910.i/74 210 Control X R 
18, IV-D IV 29 33 00 87 24 00 4 29/0i/74 310 Control R 

20 19 IV 29 36 19 87 23 25 2 30/0.i/74 270 Control X R 

., i 

. . 
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CONSEC . STATION 
N0 . N0 . 

21 20 

22 21 

23 22 
41 22, III-B 
w 

24 23 

25 24 

26 25 

27 26 
26 

28 27 

VII . STATION IDENTIFICATION INDEX 

BOTTOM SAILS DESCRIPTION 
LEASE BLM SAMPLE DATE . DEPTH STATION BOXCORS DREDGE BOTTOM DIVE WATER 
AREA LATITUDE N. LONGITUDE W. CRUISE N0. DAY M0 ./YR. (FT. ) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

IV 2937'48" 87°22'56" 2 30/C5/74 280 Control X 

III 29 58 59 86 23 01 2 31/05/74 168 Control X 

III 29 48 53 86 24 15 2 31/05/74 270 Control X 
III 29 49 30 86 25-30 4 03/06/74 200 Control X 

III 29 54 31 . 86 17 33 2 01/06/74 210 Master X X 

III 29 51 00 86 18 29 2 31/05/74 210 Master X X 

III 29 46 01 86 18 28 2 07/06/74 264 Master X X 

III 29 54 00 86 15 30 2 02/05/74 186 Master X X 
III 29 54 00 86 15 30 8/9 22/05/74 Master R 

111 29 48 00 86 15 29 2' 07/05/74 222 Master X X 
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VII. STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAMPLE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0. N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0. DAY/ M0 ./YR . (Fr .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

29 28 III 29042'59" 86015'30" 2 06/(6/74 219. Master X X 

30 29 III 29 56 04 86 12 26 2 -02/(6/74 150 Master X . X 

31 30 III 29 45 59 86 12 30 2 06/(6/74 156 Master X X 
r 
41 

32 31 III 29 47 58 86 09 36 2 06/C6/74 135 Master X X 

33 32, III 29 42 59 86 09 29 2 05/(6/74 138 Master X X 
32 III 29 43 00 86 09 30 8/9 22/(6/74 Master R 

34 33 III 29 37 59 86 10 29 2 05/(6/74 228 Control X X 

35 34 III 29 55 59 86 06 30 2 02/(6/74 114 Control X - X 
34, III-A III 29 56 86 .06 30 4 03/(6/74 124 Control X X 

36 35 III 29 51 00 86 06 29 2 06/(6/74 120 Master X X 
35, III-C 111 29 51 00 $6 06 30 4 04/(6/74 129 Master X X 
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VII . STATION CDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAM?LE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0 . N0, AREA LATITUDE N. LONGITUDE W. CRUISE N0. DAY /M0 ./YR. (FT.) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

37 '36 III 29045'59" 86006'29" 2 04/06/74 132 Master X X ' 

38 37 III 29 47 59 86 03 00 2 05/06/74 132 Master X % 
37,III-D III 29 48 00 86 03 30 4 04/6/74 130 Master X 

41 39 38 III 29 42 59 86 03 30 2 04/6/74 126 Master X X 

40 39 III 29 45 27 86 00 51 2 04/)6/74 120 Master X X 
39, III-E III 29 45 30 86 00 30 4 05/)6/74 135 Master X R 

39 . III 29 45 30 86 00 30 8/9 21/)6/74 Master X 

41 40 III 29 40 29 86 00 49 2 04/)6/74 120 Master X X 

42 41 III 29 47 29 85 54 27 2 0406/74 102 Control % X 
41, III-F III 29 47 30 85 54 30 4 06/)6/74 . 116 Control X X 

43 42 II 28 41 59 84 26 30 2 09/)6/74 120 Control X ~C 
42, II-A 11 28 42 00 84 26 30 4 09/)6/74 128 Control X X 
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VII . STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLH SAMPLE DATE . DEPTH STATION BOXCORH DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY yU./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

44 43 II 28030'00" 84028'00" 2 14/(6/74 147 Control X X X .' 

45 44 II 28 26 29 84 23 21 2 15/(6/74 144 Master X X 
44, II-0 II 28 26 30 84 23 30 4 18/(6/74 150 Master X 

44 II 84 23 30 8/9 20/(6/74 Master X 

F 
°` 46 45 II 28 21 00 84 23 59 2 15/(6/74 175 Master X 

45, II-M II 28 21 00 . 84 24 00 4 18/(6/74 165 Master X 
45 II 28 21 00 84 24 00 8/9 Master X 

47 46 II 28 41 59 84 20 01 2 09/(6/74 120 Master R X 
46, II-B II 28 42 00 84 20 00 4 10/06/74 118 Master R 
46, II-8 II 28 42 00 84 20 00 4 10/(6/74 120 Master X % 
46, II-B II 28 42 00 84 20 00 4' 19/06/74 120 Master X - X 

46 II 28 42 00 84 20 00 8/9 21/06/74 Master X 

48 47 II 28 34 00 84 20 12 2 10/06/74 117 Master X X 
47, II-G II 28 34 00 84 20 12 4 12/06/74 96 Master R 

47 II 28 34 00 84 20 12 8/9 21/(6/74 Master % 
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VII. STATION I)ENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAMP'.E DATE DEPTH STATION BOXCORI3 DREDGE BOTTOM DIVE WATER 

No . N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY 40 ./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

49 48 II 28029'00" 84021'00" 2 14/05/74 132 Master X X 
48,II-Q II 28 29 00 84 21 00 4 18/05/74 140 Master X 

48 II 28 29 00 84 21 00 9/9 20/0 04 Master X 

50 49. ' II 28 24 00 84 21 00 2 15/05/74 138 Master X X 
49, II-N II 28 24 00 84 21 00 4 18/0i/74 150 Master X 

49 II 28 24 00 84 21 00 8/9 20/0i/74 Master X V 

51 50 II 28 19 00 84 20 58 2 15/0i/74 156 Master X 
50, II-L II 28 14 00 84 21 00 4 18/0i/74 165 Master X 

50 II 28 19 00 84 21 00 8/9 20/0i/74 Master R 

53 51 II 28 31 30 84 17 59 2 10/0i/74 84 Master R X 
51 II 28 31 30 84 18 00 8/9 20/0~i/74 Master 

53 52 II 28 13 59 84 17 32 2 14/06/74 . 177 Control X X . 
52, II-K II 28 14 00 84 -17 30 4 18/06/74 175 Control X 

54 53 11 28 41 59 84 13 01 2' 10/06/74 120 Control X X 
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VII. STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC. STATION LEASE BLM SAMPLE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY X10 ./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

55 .54 11 28029'00" 84010'59" 2 10/05/74 111 Control X X X 

56 55 11 27 56 33 83 52 56 2 14/05/74 144 Control X X 

41 57 56 1 28 00 38 83 44 49 2 16/05/74 126 Heater X 
co 56 1 28 00 30 83 45 00 8/9 20/05/74 Master % 

58 57 1 27 57 30 83 42 29 2 16/05/74 123 Master X 
57 27 57 30 83 42 30 8/9 20/05/74 Master X 

59 58 1 27 47 58 83 41 32 2 13/0i/74 141 Control X X , % 

60 59 1 27 55 00 83 39 29 2 16/0i/74 114 Master X X 
59 1 27 55 00 83 39 30 8/9 20/004 Master g 

61 60 1 28 01 00 83 35 30 2 16/0i/74 102 Control X 
60, I-E 1 28 01 00 83 35 30 4 17/0i/74 102 Control X X 

60 1 28 01 00 83 35 30 8/9 20/0i/74 Control X 
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VII . STATION IIENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAMPLE DATE . DEPTH STATION BOXCORB DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY H0 ./YR . (FT.) CODE SA?PLE SAMPLE PHOTO STATION COLUMN 

62 61 1 27052'31" 83033'56" 2 17/0E/74 108 Master X 
61,1-P 1 27 52 30 83 34 00 4 17/0E/74 109 Master X X 

61 1 27 52 30 83 34 00 8/9 20/0E/74 Master g 
M2(002) 27 52 00 83 34 00 1 13/0_1/74 Master g 

63 62 1 27 50 01 83 30-59 2 17/0E/74 111 Master X 
p 62, I-B 1 27 50 00 83 31 00 4 16/06/74 114 Master X X 

62 1 27 50 00 . 83 31 00 8/9 20/0E/74 Master 7C 

64 63 1 27 56 09 83 27 29 2 17/06/74 99 Control X . 
63 1 27 56 00 83 27 30 8/9 20/06/74 Control ' R 

65 64 1 27 50 00 83 25 00 2 - 17/06/74 99 Master R 
64, I-C 1 27 50 00 83 25 00 4 16/06/74 100 Master X K 

64 1 27 50 00 83 25 00 8/9 20/06/74 Master X 

66 65 1 27 45 30 83 25 30 2 13 06 74 138 Control X X 
65, I-A 1 27 45 30 83 25 30 4 15/06/74 100 Control X R 

67 146,II-C 11 28 41 00 84 23 18 4 11/06/74 125 Alternate X 

68 147,II-E 11 28 38 18 84 13 54 4 11/06/74 80 Alternate X 
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;̀ VII . STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAID LE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 
N0. N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0. DAYIMO./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

69 151,II-H II 28032'06" 84018'54" 4 12/06/74 110 Alternate X 

70 246, II-D II 28 38 06 84 19 06 4 11/(6/74 125 Alternate . . X 

71 247, II-F II 28 36 18 84 19 42 4 11/(6/74 98 Alternate X 

° . 72 251, II-J II 28 32 54 84 16 24 4 12/(6/74 90 Alternate % 

73 451, II-S II 28 33 18 84 15 54 4 20/(6/74 105 Alternate R 

74 141, III-G III 30 01 30 85 54 54 4 06/(6/74 91 Alternate R 

75 A2(102) 27 37 00 83 35 30 1 13/(5/74 Alternate X 
A2(102) 5 56 Alternate X 

76 M3(003) I 27 56 00 83 43 00 1 14/(5/74 Master . . X 
M3(003) 1 27 56 00 83 44 00 5 01/C6/74 125 Master X 
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VII . STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SA2!PLE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY/M0 ./YR . (FT.) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

77 A3(103) 27°54'00" 84°11'00" 1 14/05/ ;4 Alternate X 

78 A9(109) 27 54 00 84 17 00 1 14105/74 Alternate X 

79 A10(110) 27 55 00 84 24 00 1 14/05/74 Alternate X 

r 

80 C1(301) 28 13 00 84 02 30 1 14/05/74 Control % 
C1(301) 28 13 00 84 02 00 5 02/06/74 126 Control X 

81 M4(004) II 28 21 .00 84 24 00 1 14/05/74 Master X 
M4(004) II 28 21 00 84 25 00 5 03/06/74 194 Master X 

82 M5(005) II 28 29 00 84 21 00 1 15/05/74 Master X 
M5(005) II 28 29 00 84 21 00 5 04/06/74 Master X 

83 M6(006) II 28 43 00 84 20 00 1 15/05/74 Master X 
M6(006) II 28 43 00 84 22 00 5 05/06/74 115 Master X 

84 C2(302) 29 23 00 85 49 30 1 15/05/74 Control X 
C2(302) 29 28 00 85 50 00 5 28/05/74 131 Control % 
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VII. STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 

CONSEC . STATION LEASE HLM SAMPLE DATE . DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0. N0 . AREA LATITUDE N. LONGITUDE W. CRUISE N0 . DAY/Z0 . YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

85 M7(007) III . 29043'00" 86001'00" 1 15/0.i/74 Master X 
M7(007) 111 29 44 00 86 01 00 5 26/0.i/74 132 Master X 

86 M8(008) 111 29 44 00 86 14 00 1 15/0:i/74 Master X 
M8(008) 111 29 44 00 86 13 00 5 27/0.i/74 161 Master X 

^' 87 M9(009) 111 29 52 00 86 15 30 1 15/01/74 Master X 
149(009) 111 29 52 00 86 13 00 5 28/0 :./74 197 Master X 

88 M1(001) 1 27 45 00 83 28 00 1 13/0 :./74 Master % 
M1 (001) 1 27 49 00 83 28 5 31/0'../74 98 Master R 

89 M2(002) 1 27 52 00 83 34 00 1 ' 13/0'../74 Master X . 
M2(002) 1 27 52 00 83 34 00 5 11/01~/74 108 Master X 

90 M15(015) V 29 56 00 88 33 00 3 16/0' ./74 84 Master % 
M15(015) V 29 56 00 88 33 00 6/7 22/01,/74 Master X 



VII . STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAMPLE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N . LONGITUDE W. CRUISE N0. DAY/210 ./YR . (FT.) CODE SAMPLE SAMPLE PHOTO STATION , COLUMN 

91 M14(014) V 29056'30" 88023'30" 3 17/0 : ./74 105 Master g 
M14(014) V 29 56 30 88 23 30 6/7 22/011/74 Master X 

92 M13(013) V 29 57 00 88 14 00 3 17/0'./74 102 Master X 
M13(013) V 29 57 00 88 14 00 6J7 21/01~/74 Master X 

93 C4(304) 29 33 00 88 13 00 3 17/0! ./74 138 Control X 
C4(304) 29 33 00 88'13 80 6/7 21/01 ./74 Control X 

94 M12(012) IV 29 46 00 87 54 00 3 18/0! ./74 126 Master X 
M12(012) IV 29 46 00 87 54 00 6/7 18/0t~/74 Master - X 

95 M11(O11) IV 29 41 00 87 39 30 3 18/0'./74 114 Master X 
M11(O11) IV- 29 41 00 87 39 30 6/7 19/0( /74 Master X 

96 M10(010) IV 29 36 00 87 25 00 3 18/0°/74 240 Master % 
M10(010) IV 29 36 00 87 .25 00 6/7 20/0( /74 Master X 

97 C3(303) 29 57 00 87 10 00 3 18/0_`/74 168 Control X 
C3(303) 29 57 00 87 10 00 6/7 20/0( /74 Control , X 

.T ~1,p11l,wllf/
. . . 

. 7 . . 

~_ . 



VII . STATION IDENTIFICATION INDEX 

BOTTOM SAMPLE DESCRIPTION 
CONSEC . STATION LEASE BLM SAMPLE DATE DEPTH STATION BOXCORE DREDGE BOTTOM DIVE WATER 

N0 . N0 . AREA LATITUDE N . LONGITUDE W . CRUISE N0. DAY/K0./YR . (FT .) CODE SAMPLE SAMPLE PHOTO STATION COLUMN 

98 A4(I04) 29017'00" 87040'00" 3 19/05/74 1200 Alternate X 
A4(104) 29 17 00 87 40 00 6/7 28/05/74 Alternate X 
A4 5 ~ 52 Alternate X 

99 A5(105) 29 17 00 88 26 00 3 19/05/74 216 Alternate R 
A5(105) 29 17 00 88 26 00 6/7 29/05/74 Alternate X 

100 A6(106) 29 20 00 88 45 00 3 20/05/74 168 Alternate X 
A6(106) 29 20 00 88 45 00 6/7 30/05/74 Alternate X 

101 A7(107) . 28 55 00 88 50 00 6/7 29/05/74 Alternate X 

~. .. 



III . FIELD AND LABORATORY TECHNIQUES 



55 

III_ FIELD AND LABORATORY TECHNIQUES 

During the investigation, nine different cruises were employed 

in order to adequately sample the proposed lease areas within the 

limited time constraints . A number of sample types were duplicated 

by different cruises . This overlapping of sampling programs allowed 

particular sample types to be collected over the large area within 

the same time period . The following field techniques section, though 

not indicating what sample methods were duplicated among the cruises, 

does adequately describe each sample methodology . The subsequent 

laboratory techniques section describes all major materials and 

methods utilized for each type of sample analysis . d 
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using a battery powered Model 9060 STD unit . All lowerings were 

made according to EGMEX 1970 Instructions for Sampling with Model 

9060 STD Unit . Each cast was calibrated by one of two methods . 

The first method utilized two 1 .7-liter Niskin bottles equipped 

with protected reversing thermometers . For each cast one bottle 

was set at one meter depth and the other set just above the STD 

unit . The second calibration method placed no bottles on the STD 

cast . Immediately prior to each STD cast a three-bottle hqdrocast 
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A. FIELD TECHNIQUES 

1 . STD STATIONS 

STD lowerings were made to within a few meters of the bottom 

(usine 30-liter Niskin bottles eauivned with nrntPntPCI TP-JPrq ;�o 

thermometers) was executed and samples drawn from one meter, 

middle, and bottom depths . Both methods relied on the reversing 

thermometer readings, and salinity samples taken out of each 

bottle (NOTE : Instructions for Sampling Oxygen and Salinity) . 

2, %BT STATIONS 

%BT-T10 probes were launched at every station and at the 

discretion of the Chief Scientist. Surface temperatures were 

taken with bucket thermometers for calibration . In instances 

where the XBT recorder was not adjusted for the T-10 probes, a 

correction was applied to the traces for depth discrepancies . 

3, 30-LITER NISKIN BOTTLE CASTS 

On each station a three-bottle cast was executed . Samples 
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were obtained from one meter, mid-depth, and several meters from 

the bottom. If a thermocline existed (illustrated by XBT/STD data) 

the middle depth sample was placed at the thermocline depth . From 

the 30-liter bottles, samples were drawn for the following : 

a, Phytoplankton 

A 20-liter water sample was filtered through 20 micron 

mesh screen (Nytex) to separate "net" plankton from nanno 

plankton. The "net" plankton collected on the screen was 

washed into glass bottles and preserved with a buffered 

formalin. For nanno plankton, a pre-determined portion 

of the above filtrate was passed through U.4.) micron 

millipore filter which was desiccated until analyzed . 

b . Chlorophyll -

Three one-liter samples were filtered through GF/A glass 

fiber filters and frozen . The samples were returned to a 

shore laboratory for analysis . 

Dissolved Oxygen 

Two 300 milliliter water samples were taken from Niskin 

bottles at each depth and 2 .0 milliliters of manganous 

sulphate reagent and 2 .0 milliliters of potassium iodide 

solution were added to each 300 milliliter B .O .D . bottle . 

The bottles were sealed with tape and placed in boxes for 

transport to shore . 
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d . ATP 

Two 1000 milliliter water samples were taken from 

Niskin bottles at each depth and filtered through 0.45 p 

millipore filters . The filters were placed immediately 

in boiling TRIS buffer in order to "fix" the ATP. Fol-

lowing a ten minute period of boiling, the TRIS containing 

ATP and the filter were transferred to~Whirl-paks and 

frozen for later analysis . 

e . Dissolved Micronutrients 

One hundred milliliters of sea water were filtered 

through pre-washed 0.4 micron Nucleopore filters . The 

filtrate was stored in polypropylene bottles and frozen 

for later analysis under the direction of K. R. Fanning 

at the University of South Florida. 

f . Fix - 1 gal . Water Samples for the Identification of Plankton 

Approximately one gallon of sea water was fixed in 

4% buffered formalin . 

g, Dissolved Low Molecular Weight Hydrocarbon 

Sample bottles, which had been pre-cleaned and fitted 

with ground glass stoppers, were over-filled with 1000 

milliliters of water and poisoned with sodium azide . 

The ground glass stoppers were inserted and secured with 

tape . The sample bottles were cleaned just before the 

cruise by washing with tap water, hydrochloric acid 

followed by tap water, washed with distilled water, and 
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then finally washed with acetone . 

h. Particulate and Dissolved Organic Carbon 

To avoid contamination from internal rubber closures, 

all Niskin bottles used were fitted with metal springs . 

One-liter samples were filtered through precombusted 

glass fiber filters . The filters were then placed in 

precombusted glass ampoules, covered with aluminum foil, 

and frozen for later analysis . One hundred to three 

hundred milliliter aliquots of the above filtrate were 

placed into acid-washed, screw cap glass bottles fitted 

with Te=lon cap liners . The filtrate was poisoned with 

AgC12 and then frozen for later analysis . 

i . Particulate and Dissolved High Molecular Weight Hydrocarbons 

Samples were drawn into acid/CHClg cleaned stainless 

steel containers . Forty to sixty liters (for each sample) 

were filtered through precombusted glass fiber filters 

housed in a stainless steel Millipore filter holder . The 

filters were folded into precombusted aluminum foil and 

frozen . Forty liters of filtrate from above was drawn 

into acid/CHC13 cleaned stainless steel containers, 

poisoned with 20 milliliters of CHC13 and returned to the 

shore laboratory for analysis . 

.j . Particulate and Dissolved Trace Metals 

i The 30-liter Niskin bottles, equipped with internal 
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rubber closures, were attached to a wire rope which was 

sheathed with polyethylene . As the wire went out it was 

cleaned with chloroform . The Niskin bottles were allowed 

to flush for five minutes . Seawater was transferred from 

the Niskin bottles into acid washed, 20-liter Nalgene 

carboys via Teflon tubing . The carboys were rinsed with 

the seawater sample before being filled . Samples were 

immediately transferred to the laboratory where the 

filtration procedure was performed. 

To separate trace metals associated with particulate 

matter from those associated with very finely divided 

"colloidal" particles and from those in solution, all 

water samples were filtered immediately through 47 mm 

diameter, 0 .4 u pore size, Nuclopore membranes enclosed 

in inline filter holders . Water from each 30-liter Niskin 

bottle was gravity fed from polyethylene reservoirs to 

all plastic inline, Millipore filter holders with silicone 

rubber tubing . Two liters of the filtrate (less than two 

liters were obtained'in most cases) from each sample were 

captured in scrupulously clean, one-liter, high-density, 

polyethylene bottles and acidified with 1 .0 milliliters of 

concentrated nitric acid . These bottles were tightly 

capped and stored . After filtration was completed, the 

Nuclopore membranes were rinsed with 25 milliliters of 
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dionized water . The inline filters were then transferred 

immediately to polyethylene bags, sealed, and stored at 

5°C . One ml of concentrated nitric acid was added to 

each bottle of filtrate for dissolved trace metals 

before storage . 

4 " ZOOPLANKTON TOWS 

At each station, three to five 15-minute and one 1-hour 

oblique tows, within specific depth ranges (surface, mid-depth, 

and bottom waters), were taken using 11 meter diameter Nytex nets 

of 202 micron mesh size equipped with double-trip mechanisms and 

flowmeters . All tows were taken while drifting from the leeward 

side of the vessel . Upon retrieval, the flowmeters were read and 

the nets thoroughly washed down from the outside of the net . 

The contents of the cod-end from the 15-minute tows were 

drained through 20 micron Nytex netting, transferred to glass jars, 

and preserved in a 5% buffered formalin solution for later 

identification and statistical analysis . 

For the one-hour plankton tow, acid washed glass jars were 

used for cod-ends and the wire was wiped clean with chloroform. 

This was done to keep the contamination from metals to a minimum . 

Upon retrieval, the sample was split using a Folsom plankton 

splitter . 

A Z split of the sample was drained on 20 micron I3ytex netting, 

blotted as dry as possible, and a displacement volume determined . 
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Teflon-lined caps and frozen for later hydrocarbon analysis . 
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This portion was then preserved in 5% buffered formalin for later 

identification and statistical analysis . 

The remaining 3/4 portion of the sample was split in half . One 

half, a 3/8 split of the total sample, was drained on acid-washed 

20 micron Nytex netting, placed in acid washed, pre-weighed glass 

bars, and frozen . This split is to be used for biomass and trace 

metals determinations . 

The other 3/8 portion was immediately placed in glass vials with 

5 . C1 TO CS DISSOLVED HYDROCARBONS 

A hydrocarbon sniff unit measuring C1 to CS dissolved hydro-

carbon concentrations was successfully towed behind the ship for 

the duration of the cruise . The sensor readouts were recorded 

every five minutes and MAFLA station numbers were assigned to the 

appropriate readout values . The established cruise track sampled 

a number of MAFLA stations in each of the five lease areas . 

6 . BOYCORE BENTHIC STUDY 

At each station bottom photographs were taken using a remote 

system before boxcoring was begun ; thus the bottom was undisturbed 

and technicians used the remaining time to develop the film . Equip- 

went consisted of an EG&G Model 200-210A camera-100 wsec strobe 

combination . Exposures were accomplished with the camera oriented 

normal to about 2m above bottom - giving coverage of approximately 

2 .5m2 . The camera film used produced black and white negatives . 



i 

63 

Final Report 
BIM Cruise # 08550-CT4-11 
Field/Laboratory Techniques 

Boxcoring was attempted at each of the sixty-five benthic stations, 

but when sediment was too thin for successful coring, Capetown 

dredging was employed . Initially, ten cores were taken at each 

station, as described in the MAFLA contract, but after sediment was 

removed for geological analysis from Core A, there was not sufficient 

sediment remaining for hydrocarbon analysis . Consequently, an 

additional core (A') was taken to provide the necessary sediment for 

hydrocarbon analysis . 

After each boxcore was aboard, the core top was photographed in 

color with a Honeywell Pentax SLR camera with flash fixed on a frame . 

A vane shear measurement was taken using a hand-held unit . Aside 

view color photograph was then taken. Each photograph includes an 

identification tag, a color code scale, a linear scale, and desig-

nation of the top of the core . Finally, a 5 cm deep sub-core was 

taken of nine cores for archiving for future standard sedimentary 

analyses . 

One boxcore at each station was subsampled with a 10 cm deep 

sub-core for sediment archiving . In addition to photography and 

visual description, a 2 cm x 6 .5 cm x 20 cm slab was taken from this 

core which was x-radio,graphed for sedimentary structures, especially 

those caused by burrowing organisms. An epoxy relief peel was also 

taken for detailed substrate characterization . 

Each core was further sampled or treated as follows : 

Core A : 5 cm diameter subcore for sediment analysis 
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Core A : 3 kg sediment for hydrocarbon analysis ; 3 kg sedi- 

ment for chemical archiving . . 

Core B : 10 cm core for sediment archiving, sieving of 

remaining sediment for key dominant macrofauna to 

frozen for trace metal or hydrocarbon analysis or 

preserved for histopathological archiving ; temperature 

of sediment recorded . 

Core C : 1 cc of sediment for ATP analysis ; 2 cm diameter 

subcore for foraminifera ; 3 cm diameter subcore for 

micromolluscs ; sieving for infaunal community structure . 

Core D: Subcore for foraminifera; subcore for micromolluscs, 

sieving for infaunal community structure . 

Cores E, 
F, G, H, 
I and J : Sieving for infaunal community structure . 

7 . DIVE /DREDGE EPIBENTHIC STUDY 

The sample sites varied in depth from 20 to 140 meters . Sur- 

veys executed by diver scientists using SCUBA were limited to depths 

of 45 meters . Deeper sites were sampled by Capetown dredging . 

a, Dive Stations 

Two to three dives were performed at each dive station 

with the exception of a few stations in Areas IV and V 

where one dive pair was sufficient to document a "zero 

visibility" condition . The dives were designed around 
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no-decompression time limitations ; however, decompression 

dives were performed on occasion, as a matter of necessity 

and safety . Benthic photographs were taken with standard 

NIKONOS II cameras equipped with 35 mm and 28 mm lenses and 

coupled with SUBSEA 150 strobes . Movies were taken with a 

NIKON Super 8 movie camera in a GIDDINGS housing equipped 

with a 100 watt GIDDINGS light . Quantitative measurements 

were recorded by using a portable 5 M2 frame . Each dive 

pair randomly set the frame on the bottom and documented 

species diversity and abundance through photography, counts, 

and specimen collection. The dive groups were coordinated 

in such a way as to prevent the succeeding dive teams from 

resampling an area already described . 

Quantitative measurements were not recorded on the Florida 

Middle Ground reefs in Area II due to the limited dive times 

(no decompression dive plans) coupled with the large species 

diversity and individual abundance . Emphasis was placed on 

photography and specimen collections with special attention 

given to coelenterates, sponges, molluscs and algae . Quanti- 

tative estimates of sponges were made for one site, and of 

gorgonians at another site . 

b . Dredge Stations 

Capetown dredging was executed using 10-minute tows . The 
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dredge was brought on board and emptied onto a 4'x8' sorting 

board which was systematically prescrubbed with detergent 

and seawater before each haul . All dredge hauls were care-

fully sorted for differing species ; excessive individuals 

were returned to the sea due to spatial and temporal con-

siderations . Fish collected were preserved .in 10% formalin 

buffered with calcium carbonate. The majority of the 

invertebrates were preserved in 70% Ethanol or 50% 

Isopropanol . 

On-board Processing for Chemical Analysis 

Pelagic Sargassum and associated communities were 

sampled, depending on availability, for hydrocarbon analyses . 

Samples were bagged, labeled and frozen . 

Collections of the dominant benthic invertebrates were 

made at each station, either by dredging or diving, and 

divided among samples for hydrocarbon, trace metals, and 

histological analyses . The samples for hydrocarbon and 

trace metal work were bagged and frozen . Histological 

samples were fixed in Dietrich's fluid . Tentative 

identifications were made of all samples . 

Benthic algae was collected by both dredging and diving 

when encountered throughout the areas . These collections 

were preserved and labeled for future identification of 

material . 



are phytoplankton, zooplankton, hydrocarbons, and trace metals . 

These variables were soordinated insofar as possible with the 

physical oceanographic framework of the MAFLA area being compiled 

from existing data . Multivariate techniques (MANOVA) 

will be employed for the analyses of physico-chemical factors in 

conjunction with interactions of plankton components . 

a . Biota 
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B. LABORATORY TECHNIQUES 

1 . WATER COLUMN STUDIES 

The chief items for study and intercorrelation in the water column 

(1) Phytoplankton Analysis : (Iverson, FSU ; Woodmansee, GCRL) 

(a) Chlorophyll : Frozen filters were cut into small 

pieces and homogenized with 90% acetone in a Snrva11 

homogenizer (cup immersed in an ice bath) before 

being processed with the spectrophotometric method 

given in Strickland and Parsons (1972) using the 

SCOR - UNESCO wave-lengths . 

(b) Particulate organic carbon : Samples were processed 

with an Oceanography International carbon analyzer 

(wet combustion method) . 

(c) Phytoplankton identification, cell counts, cell 

volume measurement : Net phytoplankton species 

identification, cell counts, and cell volume 

measurement were performed using the Utermohl 

(1958) method for aliquots or buffered formalin- 

preserved samples . Where greater optical resolution 
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cleared with immersion oil; mounted filters were 

examined with a phase contrast, compound research 

microscope . Identification was carried as far as 

possible ; however, since the nannoplankton were 
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was required in species identification, cells 

were washed, mounted in Hyrax, and examined with 

a phase contrast, compound research microscope . 

Cell volumes were converted to cell carbon with 

formulas given by Mullin, Sloan, and Eppley (1966) . 

Permanent mounts were made of Millipore filters 

not well described, only rarely was identification 

rarriorl pact tho oAniic lP"TPl rail m,ml,or and 

cell volume were determined and cell carbon was 

estimated with formulas given by Mullin, Sloan, 

and Eppley (1966) . 

Instrumentation : A Sorvall homogenizer, Sorvall 

SS-1 and International Clinical centrifuge, and a 

Perkin-Elmer-Coleman Model 111-spectrophotometer 

necessary for chlorophyll analysis were available 

at the Florida State University phytoplankton 

laboratory . An Oceanography International carbon 

analyzer and a Zeiss RA-38 phase contrast compound 

microscope were available for use at Florida State 

University . 
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be spherical, cylindrical, or ellipsoidal in shape . 
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(d) Phytoplankton Distribution (Woodmansee) 

(X) Methods 

Water samples for phytoplankton collections were 

obtained from each of the three "standard depths" 

at the master and control stations . The net fraction 

of the phytoplankton community was separated by 

filtering a known volume of about 20 liters through 

netting of 20 micron mesh . The nannoplankton was 

collected by passing a known volume of sea water 

which had been previously passed through 20 micron 

mesh netting through a 0 .45 micron Millepore filter . 

In the laboratory aliquots of the net fraction of 

the phytoplankton were allowed to settle in combi-

nation chambers for 48 hours after which the cylinders 

were removed and counts were made on the plate chamber 

using a Zeiss Invertoscope D equipped with phase con-

trast . The filter pads bearing the nannoplankton were 

cleared and mounted . Counts were made using a Zeiss 

Photomicroscope II equipped with phase contrast and 

Nomarski differential interference contrast . 

(2) Volume Calculations 

The procedures used in valculating the volumes for 

the phytoplankton were,. those suggested by Mullin, Sloan, 

and Eppley (1966) . Cell volume. was computed from the 

r 
linear dimensions of the cells, assuming the cells to 



for those asses ed to be cylindrical : 

Volume = RZH 'f7' R = radius 
H = height 

of the cylinders was determined by the 

following equation : 

Y V=2 - b2 X2 a2 

where x increases from 0 to a by a/20 units 
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In the =ase of those cells assumed to be spherical, 

the following calculation was used : 

Volume = 4/3 11" R3 R = radius 

se assumed to be ellipsodial : 

an integration of the ellipsoid 

shape was approximated by dividing 31 

that shape into 20 cylinders and 

summing the volume of those cylinders 

and doubling for an approximation 

of the ellipsoid volume . 

a/20 = height of cylinder 

y = radius of cylinder 
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(e) Archiving 

Until permanent facilities are obtained, all phyto- 

plankton samples are being archived at the Gulf Coast 

Research Laboratory and Florida State University . 

(2) Zooplankton Analysis 

(a) Zooplankton Sample Processing (Maturo) 

Samples from Lease Tracts I, II, and III were re- 

turned to the laboratory in Gainesville, Florida . 

Those from Lease Tracts IV and V were delivered to 

Ocean Springs, Mississippi . Each sample was split 

using a Folsom plankton splitter ; one-half was 

archived and the other half split repeatedly until 

a subsample containing at least 200 adult copepods 

was obtained . A technique was used by which the 

sample analyst selected the split to be saved from 

each operation of the Folsom splitter by means of 

a random number table . Counting was done in a 

channelled counting tray . 

Samples were assigned randomly to the processors . 

The order in which the samples were counted was also 

assigned randomly.. The level of identification of 

organisms was governed by time and equipment avail-

able . The lists of the categories identified are 

given in Tables 1 and 2 . The results of each sample 

count were recorded on a sheet which doubled as a 

coding sheet for computer card punching . Individual 
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analysts were tested for accuracy in identifying 

organisms during the sample processing . 

The counted portion of each sample was gently 

washed with distilled water and placed in a labeled, 

pre weighed aluminum weighing "boat," with a small 

amount of distilled water . These were then dried 

at 60° C until repetitive weighings remained 

constant, employing an analytical balance . The 

sample and "boat" were then weighed to determine 

biomass . All samples were processed simultaneously 

adjust for hygoscopic differences . 

(b) Zooplankton Sample Status 

All reserve samples from Lease Tracts I, II, and 

III are in the possession of the University of 

Florida Marine Laboratory . Reserves from Lease 

Tracts IV and V are archived at the Gulf Coast 

Research Laboratory . 
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Phylum Protozoa 
Subphylum Sarcomastigophora 

Superclass Mastigophora 
Class Phytomastigophorea 

Order Dinoflagellida 
Family Gymnodiniidae 

*Pyrocystis 
Superclass Sarcodina 

Class Rhizopodea 
Subclass Granuloreticulosia 

Order Foraminiferida 
*Globigerina 

Class Ciliatea 
*Order Tintinnida 
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TABLE I 

LIST OF ZOOPLANKTON CATEGORIES IDENTIFIED 
IN LEASE TRACTS I, II AND III 

An asterisk (*) indicates the actual category used for counts . 

Phylum Cnidaria 
Class Hydrozoa 

*Order Siphonophora 
*Hydromedusae 

Class Scyphozoa 
*Schyphozoan medusae 

Phylum Annelida 
Class Polychaeta 

*Polychaete larvae 

Phylum Mollusca 
Class Gastropoda 

*Gastropod viligers 
Subclass Opistobranchia 

Order Thecosomata 
Suborder Euthecosomata 

Family Cavolinidae 
*Cavolina longirostris 
*Clio species 
*Creseis virgula 

Family Limacinidae 
*Limacina leseuri 
*Limacina inflata 

*Other Thecosomata 
Order Mesogastropoda 

*Heteropods 
Class Bivalvia (Pelecypoda) 

*Bivalve larvae 
i *Class Cephalopoda 

*Trochophore larvae 
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TABLE I contd . 

Phylum Arthropoda 
Class Crustacea 

Subclass Branchiopoda 
Order Diplostraca 

*Suborder Cladocera 
*Subclass Ostracoda 
Subclass Copepoda 

Order Calanoida 
*Candacia curta 
*Centropages furcatus 
*Eucalanus elongates 
*Eucalanus species 
*Euchaeta marina 
*Mecynocera clausii 
*Pontella species 
*Rhincalanus cornutus 
*Scolecithrix danae 
*Temora species 
*Undinula vulgaris (female) 
*Undinula vulgaris (male) 
Other calanoids 
Calanoid copepodites 

Order Harpacticoida 
*Haruacticoids 
*Harpacticoid copepodites 

order Cyclopoida 
*Copilia mirabilis (female) 
*Copilia mirabilis (male) 
*Copilia quadrata (female) 
*Copilia y,uadrata (male) 

. *Corissa species 
*Corycaeus species 
*.Farranula species 
*Oithona species 
*Oncaea species 
*Sapphirina species 
*Vettoria species 
*Other cyclopoids 
*Cyclopoid copepodites 
*Copepod nauplii 

Subclass Cirripedia 
*Barnacle larvae 

Subclass Malacostraca 
Superorder Hoplocarida 

Order Stomatopoda 
*Stomatopod larvae 

Superorder Peracarida 
*Order Mysidacea 
*Order Amphipoda 

Superorder Eucarida 
*Order Euphausiacea 
*Order Decapoda 
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TABLE I contd . 

Suborder Natantia 
Section Penaeidea 

Family Sergestidae 
Subfamily Luciferinae 

*Lucifer faxoni 
*Lucifer mysis 

*Other shrimp-like forms 
Suborder Reptantia 

Section riacrura 
Superfamily Scyllaridea 
*Phyllosoma larvae 
Section Brachyura 

*Crab zoea 
*Crab megalops 

*Section Anomura 
*Other Crustacea 

Phylum Echinodermata 
*Echinoderm larvae 

Phylum Chaetognatha 
7kCe .+itt~ c*,~loto 
__o---- 

*Sagitta hispida-helena complex 
*Sagitta tenuis -bipunctata complex 
*Other chaetognaths 

Phylum Chordats 
Subphylum Urochordata 

Class Thaliacea 
*Order Doliolida 
*Order Salpida \ 
*Other Thaliaceans 

Class Larvacea 
*Family Oikopleuridae 
*Family Fritillaridae 
*Other larvaceans 

Subphylum Vertebrata 
Class Osteichthyes 

Subclass Actinopterygii 
Superorder Teleostei 
*Fish eggs 
*Fish larvae 

*Other zooplankters 
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TABLE II 
LIST OF ZOOPLANKTON CATEGORIES IDENTIFIED 

IN LEASE TRACTS IV AND V 

Copepods 
Acartia 
Calanus 
Centropages 
Colycaeus 
Eucalanus 
Euchaeta 
Eaterpina 
Oithona 
Oncaea 
Paracalanus 
Temora 
Undinula 
other calanoids 
other cyclopoids 
other harpacticoids 
nauplii 

Other Forms 
cladocera 
ostracods 
amphipods 
zoea 
appendicularians 
salps 
gastropod veligers 
pelecypod veligers 

Sagitta 
hydromedusae 
siphonophores 
fish eggs 
foraminifera 

Pyrocystis 
Ceratium 
Lucifer 
Mvsid 
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(3) Total Living Biomass (including microbial) Analysis : 

(LaRock, FSU) 

In order to obtain total living biomass in the water 

column, microbial bioma.ss must be determined in ad- 

dition to phytoplankton and zooplankton biomass . We 

have used the ATP technique . 

(a) Extraction of ATP 

Extraction was done by adding 5 ml of 0 .6N H2SO4 

(5C) to each sediment sample, and mixing the tubes on 

a vortex mixer intermittently at 10-sec . intervals for 

a total of 60 seconds . Longer vortex mixing did not 

enhance recovery . The tubes were then allowed to settle 

for 10 minutes . An internal standard consisting of 

1 ml of 100 ng/ml ATP was added to one of the triplicate 

samples, and 1 ml of TRIS buffer to the remaining two 

samples . The sediments were vortex mixed for an ad-

ditional 10 seconds and then centrifuged for five 

minutes at 1800 x g. After centrifugation, four ml of 

the supernatent was transferred to a 10 ml beaker, fol-

lowed by addition of 1 ml of a 0.048M (18 g/1) solution 

of the disodium salt of ethylenedinitrilo-tetracetic 

acid (EDTA), made up in TRIS . The pH of the acid ex-

tract was adjusted to 7 .8 with NaOH using a Corning 
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476050 combination electrode . TRIS has been reported 

to interfere with the accuracy of some electrodes 

(Sigma Chemical Company) but no effects were discernible 

at the molarity used . After neutralizing, the sample 

was quantitatively transferred to a calibrated test 

tube, the volume brought up to 10 ml with TRIS and 

frozen for subsequent analysis . 

In assaying the acid-extracted ATP samples, a 

standard curve prepared in TRIS cannot be used to 

calculate final ATP concentrations . A series of ATP 

standards for acid-extracted Samn1PR WAR nTprATPd ar 

the same time the environmental samples were extracted . 

These standards were prepared by mixing 3 ml of 0 .6N 

H2SO4, 1 ml of 0 .048M EDTA solution and 1 ml of the 

desired ATP standard, neutralizing with NaOH and 

adding TRIS .for a final volume of 10 ml . The stand- 

ards covered a range of 0 .3-50 ng ATP/ml and were 

frozen along with the extracted samples to be assayed 

by the bioluminescent reaction . 

Boiling TRIS extractions were used for comparative 

purposes in a number of experiments with Escherichia 

cola purchased from the American Type Culture Collection 

(ATCC 11775) . The cells were either collected on a 
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membrane filter (0 .45 um) under 10 psi vacuum or 

0.1 ml of cell suspension was added directly to the 

TRIS extractant . Sediments, sand or bacteria-coated 

glass beads were put directly into the TRIS . In all 

cases, the sample was added to 10 ml of boiling TRIS 

buffer contained in a calibrated 25 mm OD screw cap 

tube . The TRIS was maintained at 100C by an oil 

bath at 120 C . The sample was boiled for 10 minutes 

in the TRIS, cooled in an ice bath, and the volume 

restored to 10 ml with additional TRIS . The extract 

was frozen until assayed . The TRIS used in sample 

extraction and analysis was vrevared as O.1M and 

stored in a refrigerator to prevent spoilage . Just 

before use, the TRIS was diluted to 0 .025M. 

In one experiment, glass beads were coated 

with bacteria to determine the effects of the solid 

phase on efficiency of ATP extraction . Resting cells 

of E . cola were harvested from nutrient agar plates 

and washed three times with sterile 0 .85% NaCl . The 

suspension was adjusted to an optical density of 0 .3 

with sterile NaCl solution, yielding a final cell 

density of 2 x 10 8 cells/ml . One-half ml of the 

washed cell suspension was added to 2 g of 0.5 mm 

diameter glass beads, mixed, and allowed to air dry . 

The entire 2 g of bacteria-coated beads were then 



was prepared by reconstituting each vial of lyopilized 

firefly lantern extract (Sigma Chemical Company, FLE-50) 

with 12 .5 ml distilled water, 7 .5 ml of O .1M arsenate 

buffer (Sigma Chemical Company, FF-AS-100) and 5 ml of 

0 .05M magnesium sulfate . The enzyme was allowed to 

stand for between 6-7 hours at 23-25°C, in order to 

remove endogenous ATP . After aging, the preparation 
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extracted using both the boiling TRIS and the 

H2SO4 procedures . 

(b) The Bioluminescent Reaction and Its Measurement 

The luciferin-luciferase mixture used in our work 

was filtered (Whatman #2.) to ramnira rPCi .1 � al Aal,r; c 

After clarification and during use, the enzyme was kept 

tn an ice bath . One-half ml of enzyme was used for 

each ATP assay permitting about 45 assays at an ap-

proximate cost of 3-4 cents per assay . 

In our work the emitted light from the firefly 

reaction was measured on a manual liquid scintillation 

counter (LSC) (Nuclear Chicago model 4534) . For ATP 

analysis, the scintillation counter was operated in a 

non-coincident mode using one photomultiplier tube 

(Schram 1970), and with a maximum window opening of 

0.5 to 10 .0 volts . For analysis 1 ml of either the 

sample extract or the ATP standard was added to a 

chronic acid washed LSC vial, followed by addition of 
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0 .5 ml of 0 .025M TRIS buffer (pH 7 .75) . Next, the 

vial was closed and 0 :5 ml of the enzyme preparation 

injected into the vial through .a small hole drilled 

in the cap . The vial was immediately inserted into 

the LSC and exactly one minute after enzyme injection, 

a 0 .1 minute count was taken . This count is an inte-

gral measurement of the area under the luminescent 

decay curve between 60 and 66 seconds after the start 

of the reaction . For each enzyme preparation, a 

standard curve was made by plotting the logarithm of 

the integral count rate versus the logarithm of the 

appropriate Al'Y concentration . Standard solutions 

containing l mg/1 disodium crystalline ATP (Sigma. 

Chemical Company, A 3127) in 0 .025M TRIS buffer, were 

prepared and stored frozen in 10 ml aliquots . When 

needed, the concentrated solution was diluted in TRIS 

or the acid extracting menstruum to cover a range of 

0.3 to 50 ng/ml ATP . 
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b, Chemistry 

All samples collected in the water column for hydro- 

carbons (greater than C14) and trace metal analysis 

were collected aboard the R/V TURSIOPS (Areas I, II 

and III) and the R/V GULF RESEARCHER (Areas IV and 

V) . The collection of samples for nutrient analysis 

and dissolved low molecular weight hydrocarbons 

(C1 - C3) were collected aboard the R/V BELLOWS 

(Areas I, II, and III) and the R/V GULF RESEARCHER 

(Areas IV and V) . 

(1) Hydrocarbon analysis : (Calder, FS'Q ; Sackett,TAMU ; 

and Pierce, USM) 

(a) Zooplankton hydrocarbon analysis (] C14) - tar balls : 

Samples were thawed and, under a dissecting scope 

tar balls and other non-plankton materials were 

picked out, and the tar balls saved for hydrocarbon 

analysis . Plankton was dried overnight at 60°C 

in a tared container to obtain dry weight . The 

plankton was then homogenized in CHC13 :Me0H-KOH 

(1 :1) overnight . The extract was taken to small 

volume in a rotary evaporator under prepurified 

N2 at room temperature and stored in a freezer . 
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Immediately before saponification, extracts 

were taken to dryness under prepurified N2 at 

room temperature . They were then saponified 

overnight in 10 ml of O .SN KOH in MeOH . An 

equal volume of water was added to the saponifi- 

cation and non-saponifiables following extraction 

into hexane was diluted to known volume and an 

aliquot taken for weight and SC13 determination 

(SC13 optional) . Volume was reduced to 1 ml 

(under N2) for column chromatography . A column 

of 1 :5 (V/V) microneutral alumina overlying silica 

gel was washed with 3 column volumes of hexane . 

The samples were charged into the column, allowed 

to percolate in, and then rinsed into the column 

with several small volume rinses of hexane, allowing 

each to percolate into the column . Aliphatic 

hydrocarbons were eluted with five column-volumes 

of hexane, and aromatics eluted with five voles 

of benzene . Extracts were reduced to small volume 

in preweighed container, and analyzed by gas 

chromatography, using SCOT capillary columns, coated 
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with DEGS . Temperature programming and flame 

ionization detectors were utilized, and retention 

indices were computed based on known standards . 

Extracts were reduced to dryness (under N2) and 

weighed . 

(b) Dissolved low molecular weight hydrocarbons 
(Cl-C3) Analysis : (Sackett, TAMU) 

1000 ml of water were drawn into a bottle fitted 

with ground glass stopper . The bottle was over- 

bottle with tape for return to laboratory . There, 

dissolved light hydrocarbons were stripped from the 

water by applying a vacuum and Lne gases analyzed 

by flame ionization gas chromatography . 

(c) Dissolved high molecular weight hydrocarbons 
(C11,) Analysis : (Calder) 

Water which has been filtered to remove particulate 

hydrocarbons was collected in 201 stainless steel 

containers, poisoned with 10 ml CHC13, and then 

returned to a shore laboratory . There, the water 

was acidified to pH 2 with concentrated HCl and 

extracted with CHC13 in a separatory funnel or 

liquid-liquid extractor . Extracts from each sample 

were combined and reduced to small volume for storage 

in freezer . The extract was taken to dryness, under 

N2, immediately before saponification . Saponification, 
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column chromatography, and-gas chromatographic 

analysis were-:carried ouL . om~ ,tire extracts exactly 

as described under Zooplankton hydrocarbon analysis 

(1 .a) . 

(d) Particulate hydrocarbons (greater than Cl,) Analysis : 
(Pierce, USM) 

Sixty liters of water (collected by 30L . Niskin 

bottle hydrocast) were filtered through precombusted 

glass fiber filters . The filters were frozen for 

return to the laboratory . There the filters were 

thawed and extracted three times with CHC13 :Me0H (1 :1) 

under sonication . The combined extracts were taken 

to a emal l vnlnmc {r~ ~ rnt~r~T osT~,+nr~tnr frn~sc*~ fr,r 
__- ___7 

storage, and saponified, separated on columns, and 

analyzed by .gas chromatography as described under 

Zooplankton hydrocarbon analysis, with the exception 

of now using packed columns . 

(2) Trace metal Analysis : (Betzer, USF and Segar, NOAA/AOML) 

(a) Zooplankton analysis for trace metals : 

The dried samples were ground with an acid-rinsed 

porcelain mortar and pestle ; aliquots of the homoge- 

pate were transferred in a clean bench to an ali- 

Teflon bomb . Ten milliliters of redistilled* reagent-

grade 70% nitric acid were added and the bomb sealed. 

(The nitric acid was redistilled in an all-quartz 

sub-boiling silica still at the National Oceanic and 
i 

85 
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Atmospheric Administration's Atlantic Oceano-

graphic and Meteorological Laboratories .) The 

bomb was transferred to a waterbath and digested 

at 90°C for 58 hours . The solution was transferred 

from the all-Teflon bomb to a polypropylene 

volumetric flask and diluted to volume using 

double-deionized, redistilled water. The solution 

was analyzed for iron, chromium, nickel, vanadium, 

cadmium, copper, and lead on the Perkin-Elmer Model 

503 atomic absorption spectrometer equipped with a 

,Model 2100 heated graphite furnace and deuterium 

background corrector . 

(b) Particulate trace metal Analysis : (Betzer, USF) 

The samples of suspended particulate matter collected 

at each hydrographic station were processed and 

analyzed as follows : 

The filter pads were removed in a clean bench 

from the Inline filter holders and placed in poly-

propylene jars containing silica gel . After drying 

for 48 hours, the filters were weighed on the 

Mettler Model M5 balance so that a calculation of 

the mass of suspended particulate matter, which will 

be analyzed for trace metals, can be made (Betzer, 

et al, 1974) . 

After weighing, the filters were sealed in all-

Teflon bombs and digested with aqua regia* and 
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hydrofluoric acid* using a modification of the 

methods specified in Bernas (1968) and Buckley and 

Cranston (1972) . (In order to maximize signal to 

noise ratios, the acids used in the dissolution of 

the suspended material will either be J. T . Baker 

"Ultrex" grade or reagent grade acids, which have 

been redistilled in a sub-boiling silica still at 

NOAA/AOML) . 

The digested materials were transferred from the 

all-Teflon bomb to a volumetric flask and diluted 

to volume using double deionized, redistilled water . 

This solution was then analyzed for iron . chromium . 

nickel, vanadium, cadmium, copper, and lead on the 

same Perkin-Elmer Model 503 atomic absorption spec-

trometer equipped with a Model 2100 heated graphite 

furnace and deuterium background corrector that 

was used to analyze the plankton and benthic samples . 

Equipment Requested : 

A Perkin-Elmer Model 503 atomic absorption spectro-

photometer and Model 2100 heated graphite atomizer were 

requested so that analyses of benthic organisms, plank-

ton and suspended matter for iron, chromium, nickel, 

vanadium, copper, cadmium, and lead could be completed 

by January 1, 1975 . A fume hood was needed for the 

digestions of the benthic organisms which are carried 

out with concentrated nitric acid . The drying oven, 
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hot plates, and balance were all needed to help 

prepare the benthic organisms for atomic absorption 

analysis . The Eppendorf pipettes were used to 

inject aqueous samples into the graphite atomizer 

prior to excitation . The heater stirrer was needed 

to heat the aqua regia-hydrofluoric acid mixture, 

which is used to decompose the suspended particulate 

matter . This reaction must be carried out under 

pressure in Teflon bombs . 

(c) Dissolved trace metals Analysis : (Segar, NOAA/AONII.) 

The filtered samples of sea water from the West 

Florida Shelf were analyzed for concentrations of 

dissolved iron, nickel, vanadium, copper, cadmium, 

lead, chromium, and barium. All of the analyses 

were carried out by flameless atomic absorption 

spectrophotometry using a Perkin-Elmer Model 503 

atomic .absorption spectrophotometer equipped with 

a Model 2100 heated graphite atomizer and a deuterium 

. arc background corrector (Segar,-1971, 1973, 1974 ; 

Segar and Gonzales, 1972) . 

The samples were analyzed for barium by direct 

injection of 50 ml voles of sea water into the 

graphite atomizer and selective volatilization 

analysis using standard additions for calibration . 

A number of the same samples were reanalyzed by 

ion exchange concentration of the barium (Bowen, 1956) 

and flameless atomic absorption . 
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The elements iron, vanadium, nickel, copper, 

cadmic, and lead were extracted from the sea 

water samples by methyl isobutyl icetone extraction 

after complexation with ammonium prollidine 

dithiocarbotaate . After extraction the trace 

metals were reverted back to aqueous solution by 

evaporating the ketone to dryness and ashing the 

residue with a few milliliters of silica redistilled 

nitric acid . 

The resulting aqueous solution was made up to a 

volume of 5 ml, and analysis was carried out by 

injections of this solution into the heated graphite 

atomizer (Segar, 1971, 1973, 1974) . The analysis was 

carried out using a standard additions method similar 

to that used by Brewer et al . (1969) . Water samples 

were also analyzed for some of these metals by direct 

injection analysis using the recently developed HGA 

2100 heated graphite atomizer (Segar and Ediger, 

unpublished data) . 

Chromium was determined in the sea water samples 

by direct injection into the HGA 2100 (Segar and 

Ediger, unpublished data) and also by flameless 

atomic absorption spectrophotometry following 

concentration by extraction .of its acetylacetonate 

into methyl isobutyl ketone (Chau et al ., 1968) . 
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(3) Particulate and dissolved organic carbon Analysis : 
(Kanuer, FSU) 

DOC and POC were analyzed by standard methods as 

described in the instruction manual for the Oceanography 

International Carbon Analyzer Model 0524 . All DOC 

and POC determinations were run in triplicate and 

averaged . 

(4) Dissolved micronutrient Analysis : (Fanning, USF) 

The samples were thawed and analyzed for dissolved 

nitrate, nitrite, phosphate plus arsenate, and silica. 

After analysis, the remaining portions of the samples 

L7PTP YPfYf17PT L1Tel ctnro.4 fnr . . . . t� .,o year f..,. ..1.4_ .:-. . . 

purposes . Stefansson and Richards (1963) demonstrated 

that, for low to ,moderate concentrations of nutrients, 

freezing of samples has very little effect on the measured 

concentration, and, according to the data from LaRock and 

Bittaker (1973), nutrient levels should be low enough 

that no freezing effects will occur . 

Analyses for each of the above nutrients were con-

ducted with a two-channel Technicon Autoanalyzer II . The 

methods to be used were modified from the recommendations 

of the Environmental Protection Agency (1971) . The stand-

ards are solutions of KH2P04, NaN02, and KN03 in deionized 

water and Na2C03-fused Si02 in surface sea water . This 
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latter standard is required because of the salt effect 

on silica methods (Fanning and Pilson, 1973) . Blank 

solutions are either deioni2ed water or 0 .7 M NaCl . 

The analyses were run under the supervision of 

Valentine Maynard of the University of South Florida . 

For over three years she has been in charge of nutrient 

analyses by Autoanalyzer for the contracts of the 

Department of Marine Science at U.S .F . with the Florida 

Power Corporation for its estuarine surveys of power-

plant sites . In addition, she has been responsible for 

nutrient analyses for the Mote Marine Laboratory in 

Sarasota and for nutrient analvses in sunvort of nroiects 

funded by O.N .R . and N .S .F . in the deep sea . These 

fast analyses were done both at sea ,and in our laboratory . 

Presently, our nutrient laboratory is running an average 

of 75 sea water samples per week for nitrate, nitrite, 

phosphate, silica, and ammonia . . 

2 . BOTTOM STUDIES 

a. Biota 

(1) Infauna Analysis 

All infaunal samples were sorted in the laboratory of 

Dr . Henry Kritzler at Florida State University . For this 

initial study, identification of infaunal polychaetes was 

91 
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stressed . Polychaete worms were widely distributed 

in all sediment types . They were generally poorly 

mobile and would thus be subject to any environmental 

change affecting the sediments . All polychaetes from 

Areas I, II, and III were identified to at least the 

level of family by Dr . Kritzler, and those from Areas 

IV and V by Dr . Barry Vittor of the University of 

Alabama . Micromolluscs were identified to species by 

Dr . Don Moore of the University of Miami, and forami-

nifera were identified to species by Dr . Wayne Bock 

of the University of Miami . Benthic foraminiferans 

and micromolluscs were both abundant in the sediments 

and sensitive to the presence of hydrocarbons ; thus 

they should be good indicator species for environmental 

changes brought about by oil exploitation . 

After sorting of the macrofauna from each sample 

into taxonomic groups, the biomass of each group was 

determined in Dr . Kritzler's laboratory . Weights were 

on the basis of the preserved organisms (in 70% ethanol) 

corrected for shrinkage due to narcotization and preser- 

vation and converted to wet weight . 

(2) Epifauna and flora analysis (T . Hopkins, UWF) 

Epifaunal and floral coverage was provided to all lease 

sites, but special attention was accorded to Areas I and 

II, with particular emphasis on the Florida Middle Ground . 
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This area includes a unique biological community, 

having a varying species composition dependent on topographic 

relief . The analysis of this area resulted from diver-

scientists investigating 5 M2 quadrats and developing a 

list-count and record of the number of species observed 

in-situ . Color and black and white photography has 

documented the community structure for post-cruise 

assessment and archiving purposes, including comparative 

studies at a future date . 

Past experience suggests that key fauna considered 

include Poriferans , Milleporines , Actinarians , Alcyonarians , 

Macromolluscs , Polychaetes , Macro-decapod Crustacea , and 

Echinoderms . Key flora includes attached green, brown, and 

red algae . Careful consideration was given to epiphytes . 

This was possible only when diver-scientists making in-situ 

collections were deployed . 

(3) Hydrocarbon, trace metal, and histological baseline in key 

dominant species analysis : (S . Betzer, USF ; Meyers, U. of 

Mich . ; Lytle, GCRL ; Blake, USF) 

Here, consideration was given to feeding type, sediment 

type, and location of the sampled communities with respect 

to land mass and circulation, all of which may affect 

exposure of and accumulation by benthic organisms (Phelps 

et al ., 1969) . Simultaneous, coordinated sampling of the 

benthic biota and sediments, water, and suspended matter 

is critical to understanding these relationships . Such 
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sampling allowed us to calculate concentration factors 

for hydrocarbon and trace metal accumulation by the 

organisms and will allow eventual relating of their 

histological state directly to the conditions they were 

experiencing . Continued regular sampling of the 

communities in the long-term phase will provide basic 

biological data about the organisms -- their variability 

in space, and changes over the year under normal en- 

vironmental conditions . For hydrocarbon and trace 

metal analyses and archiving for histopathology, only 

a small number of species were chosen from those present 

in the diverse warm temperature and subtropical benthic 

communities of the shelf . The species selected represent 

the sessile or poorly mobile epi- and infaunal inverte-

brates and the flora which were found consistently and 

abundantly over large sections of the shelf lease areas . 

(a) Hydrocarbons 

Hydrocarbon analyses relate the quality and quantity 

of hydrocarbons in organisms to those in their en- 

vironment . Certain .hydrocarbons have unique sources 

and retain their identity despite a variety of 

biochemicals and geochemical transfers (Meinschein, 

1969) . Petroleum hydrocarbons are especially 

resistant to severe alteration under natural marine 

conditions (Blumer et al ., 1973) . Gas chromato-

graphic analyses of tissues were used to demonstrate 
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the appearance of petroleum hydrocarbons if 

the organisms were exposed even to low "chronic" 

oil leaks . 

(1) Fauna Analysis (Meyers, U . of Mich .) 

Samples of benthic fauna (epifauna and infauna) 

were stored frozen until shipment to Michigan 

for analysis . Glass storage containers were 

used . 

Analysis of the hydrocarbon content of 

by Quinn (Farrington, et al, 1973) . A known 

weight of tissue was extracted with benzene/ 

methanol, 2/1 . The lipid residue of this 

extraction was placed in a 50 ml screw-cap 

tube and saponified using 0.5 N KOH. Non-

saponifiable lipids, including hydrocarbons, 

were separated by extraction into petroleum 

ether. Hydrocarbons were isolated from the 

non-saponifiables by column chromatography 

on alumina/silica gel columns . Aliphatic 

and unsaturated hydrocarbons were eluted 

with petroleum ether and benzene respectively . 

The hydrocarbons were weighed on a Cahn 

Electro balance to yield the quantity of each 

of the two classes of carbons found in the 

95 



tissues of the organism . The hydrocarbons 

were injected into a flame ionization detector 

gas chromatograph to provide information about 

the relative amounts of different compounds 

comprising the total hydrocarbons . Varian 

Aerograph Model 1520-G Dual-Column Gas Chroma.to-

graphs equipped with OU-101, FFAP columns, and 

a Hewlett Packard 5711 were used for this study . 

While it was expected that many analyses of 

several organisms of a species were combined into 

one sample, it was necessary also to analyze 

r 

96 

i 

Final Report 
BLM Contract # 08550-CT4-11 
Field/Laboratory Techniques 

Sele~.tPrl in~iivir~»al nrvanicmc in nr~lar to oval �ata 

the variability of the natural hydrocarbon content 

of the species . 

(2) Flora Analysis : (Lytles, GCRL, Miss .) 

Samples of benthic algae collected by dredging and/ 

or diving were stored frozen in glass containers 

that had been prewashed with CHC13 . At the 

laboratory, samples were thawed, macerated in 

MeOH, filtered, extracted three times in CHC1, 

using sonification . The combined extracts were 

taken 'to a small volume in a rotary evaporator 

at room temperature and washed with acidic (pH4) 

H2O to remove salts . (An aliquot was taken of 

the lipid extracts for weight of total extractables 

and C13 determination . Immediately before 
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saponification, the extracts were taken to 

dryness under prepurified N2 at room'tempera- 

ture . The extracts were saponified overnight 

in 10 ml of 0 .5 N KOH in MeOH . An equal volume 

of H2O was added after the saponification . 

The non-saponifiables were extracted thrice 

with 10 ml benzene . The volume of the non- 

saponifiable extract was reduced to dryness 

at 1 ml vol. (under N2), taken up in hexane, 

and analyzed by column chromatography (1 :5 V/V 

of microneutral alumina overlying silica gel, 

both activated or activity 1, after washing 

with 3 column volumes of hexane) . The aliphatic 

hydrocarbons were eluted with three column 

volumes of hexane and the aromatic then was 

eluted with three column volumes of benzene . 

These eluted extracts were taken to dryness 

(under N2) and weighed . Gas chromatographic 

analysis was performed using two columns, 

coated with SE-30 and FFAP . Flame ionization 

and temperature programming were employed . 

Retention indices based on known standards were 

computed . 

(b) Trace metals Analysis 

The analysis of trace metals (as of hydrocarbons) 



offers a sensitive technique for indicating the 

effects of oil exploitation on the biota . Crude 

oils and brines from wells are greatly enriched 

in certain heavy metals, with concentrations up 

to 104 - 106 times those of sea water : nickel, 

vanadium, copper, lead, iron, chromium, and 

cadmium . Iron and chromium, as "ferrochrome," 

are added to drilling muds . These metals are 

strongly concentrated by organisms (e .g . Vinogradov, 

1953 ; Riley and Segar, 1970 ; Segar, et al ., 1971) 

and can be toxic . Analyses of organisms for these 

01 
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of detecting chronic sublethal effects of oil 

exploration . The key dominant species frozen at 

each benthic station were thawed, weighed (dried to 

constant weight), and oxidized in a fume hood with 

concentrated redistilled reagent-grade, purified 70% 

nitric acid . (Riley and Segar, 1970 ; Segar, et al ., 

1971) . The solutions were diluted to volume with 

double-deionized water, and analyzed for Fe, Cr, Ni, 

V, Cd, Cu, and Phb, using a Perkin-Elmer model 503 

atomic absorption unit equipped with a model 2100 

heated graphite furnace and deuterium background 

corrector . Samples were run alternately with 

appropriate standards . 
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(c) Histopathological preparation Analysis : (Blake, USF) 

Close histological examination of the tissues is 

required to assess the importance to an organism of 

the presence and accumulation of hydrocarbons and 

.trace metals . Specific changes, such as tumors, 

necrosis and sloughing of exposed mucosa, and 

amebocytic infiltration of blood vessels and gill 

sinuses are associated, in molluscs, with exposure 

to oils and trace metals (Betzer, 1972 ; Yevich, 

oral presentation, 1974) . Such histological changes 

can provide positive evidence of environmental 

physiological disturbance (as opposed to the "negative" 

evidence often difficult to separate from sampling 

problems, of decreasing species numbers) . 

Individuals belonging to the same species se- 

lected for hydrocarbon and trace metal analysis were 

archived for histopathological analyses . The indi- 

viduals were fixed in Dietrich's fixative at sea . 

Tissues were not allowed to remain in the fixative 

indefinitely but were further processed since fixation 

for periods greater than three months results in 

hardened tissues which are difficult to section . 

Processing in the laboratory consisted of washing 

the tissues in tap water, dehydration with S-29, 
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clearing with UC-670, infiltrating with Paraplast, 

and embedding with Paraplast . The embedded tissues 

were sectioned (5-6,u) and the sections were stained 

with hematoxylin-eosin following the procedures 

developed by Paul Yevich of the National Marine 

Water Quality Lab at Narragansett, R.I . The pre-

pared slides are archived in the lab of Dr . Norman 

Blake of the University of South Florida and are 

available for later examination and comparison with 

samples collected in the long-term monitoring phase 

or with samples collected from stations which become 

exposed to chronic low level releases or acute 

spills of hydrocarbons . 

b " Geological Substrate 

(1) Geology (Doyle, USF ; Wanless, U of Mi ; Mayou, USF ; 

Tanner, FSU) 

(a) Rationale ., 

Sediments were sampled from boxcores taken 

for,benthic studies . Box cores are generally 

recognized for their ability to collect undisturbed 

samples o£ bottom sediments, and to minimize common 

tendency of other types of samplers to deform the 

upper few centimeters of sediment . 

(b) Archiving 

A1? cores are archived at the Florida State University 
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(2) Chemistry Analysis (Lytle & Lytle, GCRL ; Presley, TAMU) 

(a) Total organic carbon (TOC) in sediments 

(1) Collection : 10 cc sediment samples were 

removed from one of the box cores . 

(2) Analysis : a weighed portion of carbonate-free, 

oven-dried (40°C) sediment was analyzed by the 

LECO carbon analyzer . 

(b) Hydrocarbons 

(1) Collection : a 3 Kg wet weight sediment sample 

was removed from the upper 10 cm. of one box 

yore sample . The samnl e.s wPrP n1 apPd in a rur.i 

washed glass jar and frozen at sea . The remainder 

of the core was archived for future chemical 

analysis . 

(2) Analysis : the frozen sediment samples were 

allowed to thaw in a Buchner funnel . As much 

water as possible was filtered off after acidifi-

cation with constant boiling HCl if carbonate 

is present and in moderate amounts . Water re- 

moval was completed by addition of MeOH to filter 

cake : 

The MeOH was back extracted with hexane, with 

the hexane saved for addition to the sediment 

extract . The water-free sediment was extracted 
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with CHC13'overnight then treated for 15 

minutes with sonication and stirring . The 

sediment was filtered and re-extracted two 

additional times . The extracted sediment 

sample was oven-dried at 80°C to constant 

weight and weighed . All extracts (hexane 

& CHC13) were combined and reduced to a 

small volume in a rotary evaporator . The 

combined extracts were washed with water 

(PH'4) several times (until water remains 

clear) and then brought to dryness under N2 . 

L+1 .. .1 ._t L__"' _ ~ r 
aatua~~~u1 JU11UL WGO 1C1tiVVCll 1LV11! LL1C 111l111 

extract by refluxing with copper wool after 

which the copper was washed with hexane . They 

were then saponified overnight in 10 ml of 

0 .5N KOH in MeoH after which equal volumes of 

water were added . The non-saponifiables 

were extracted 3 times with benzene (lOml) . 

An aliquot was taken of the non-saponifiable 

extract for weight and S_C13 determination . 

The volume of the non-saponifiable extract was 

reduced to dryness (under N2), taken up in 

hexane (1 ml), and analyzed by column chromatog- 

raphy (1 :5 V/V of microneutral alumina overlying 

silica gel after washing with three column volumes 
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of hexane) . The aliphatic hydrocarbons 

were eluted with three column volumes of 

hexane and the aromatics then were eluted 

with three column volumes of benzene . These 

eluted extracts were reduced to small volumes . 

Extracts were reduced to dryness under N2 

and weighed . Gas chromatographic analysis 

was performed using 1-150 ft . S .C .O .T . 

column coated with FFAP, and two 2 m x 1/8" 

FFAP and SE-30 columns . Flame ionization 

Gil4 lC1urC1dL111C rlLV~'1GiL111111~ WG' C111PlUyCU . 

Retention indices based on known standards 

were computed . 

(c) Trace Metals 

Sediment samples from 57 locations were collected 

with a standard box coring device by the SUSIO group . 

As soon as the box core was recovered, a sub-sample 

was taken from it by pushing a pre-cleaned 50 cm long, 

2 cm diameter plastic tube through the sediment . The 

sub-sample was taken from the center of the box to 

insure an undisturbed and uncontaminated sample . The 

plastic tubes containing the samples were tightly 

capped and stored at 5° C until the analytical work 

was begun . We received the samples from SUSIO on 

June 28, 1974 . 
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Initial sample preparation involved drying 

the entire aliquot (-50 g) of wet sediment at 

105° C and then reducing it to a fine powder with 

a porcelain lined Spex mixer-mill . Iron, lead, 

cadmium, nickel, copper, and chromium were determ-

ined by instrumental neutron activation analysis 

of the solid sample . 

For total dissolution, approximately one 

gram of .finely powdered sediment was heated in a 

,muffle furnace at 400-450° C for eight hours to 

ash the organic matter vresent . Our observariona 

that there is no loss of the pertinent metals on 

heating to 450° C confirms those of Gorsuch (1970) . 

After heating, the samples were transferred to FEP 

teflon beakers and 3 ml of I6N HN03, 5 ml of HF 

(48%), and 2 ml of HC104 were added . The acid-

sediment mixture was heated to near dryness . A 

second acid mixture (3 ml HF, 2 ml HC104) was then 

added and again heated to dryness . The residue 

was redissolved in 5 ml of 5N HC1 and diluted with 

deionized water to 25 ml . 

Lead, nickel and copper were determined by 

direct aspiration into a Jarrell-Ash model 810, 

two channel atomic absorption spectrophotometer . 
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Iron was determined after appropriate dilution 

by the same technique . Background absorbance, 

due to molecular band absorption and light 

scattering, was monitored, where necessary, by 

simultaneously measuring the absorbance of a 

non-specific line and the analytical line of the 

element of interest . In addition, a method of 

additions analysis was used to check matrix 

effects . 

Chromium and cadmium in all samples were 

determined by flameless atomic absorption tech-

piques using a Perkin-Elmer 303 atomic absorption 

spectrophotometer equipped with an HGA-20000 

graphite atomizer . In preparation for these 

analyses, 0.1 gram samples were dry-ashed at 450 

C and transferred to screw-cap polyethylene 

centrifuge tubes . An acid mixture of 2 ml 12 N HC1, 

2 ml aqua regia, and 2 ml HF (48I) was added to the 

tubes which were then sealed and heated at 90-95° C 

for two hours . After heating, the solutions were 

transferred to FEP teflon beakers and heated to dry-

ness . The residue was redissolved with 3 ml of 4 

N HCl and diluted to 50 ml with deionized water . 

Analysis was made by flameless atomic absorption 
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after the appropriate dilution (usually a 500-3000 

fold dilution) . 

Lead, nickel, and copper were also run by 

flameless atomic absorption as a check on flame 

methods . USGS standard rocks W-1 and AGU-l were 

analyzed by both flame and flameless~atomic ab-

sorption to check precision and accuracy. 

Instrumental neutron activation analysis was 

found to be more suitable than atomic absorption 

spectroscopy for vanadium and barium determination . 

Initial preparation for neutron activation involved 

accurately weighing approximately 0.5 gm of sediment, 

which had been dried at 105° C into a small 1-gm 

capacity polyethylene "vial . The vial was heat-sealed 

to prevent any loss of sample during the analysis . 

The marked, encapsulated samples were irradiated by 

the 1 MId Triga reactor at the Texas A & M University 

Nuclear Science Center . 

For vanadium analysis, each sample was irradiated 

separately for five minutes . This process was facili- 

tated by a pneumatic transport system which can rapidly 

transfer samples in and out of the reactor core . The 

poly vial was placed in a secondary poly vial, together 

with an aluminum flux monitor, and transported to the 
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core for the five minute time period . 

After return of the sample and a one-minute 

delay, the aluminum flux monitor was counted by 

a multichannel pulse height analyzer . After an 

appropriate delay period (usually 3-5 minutes, so 

that the dead time was < 30%) the irradiated 

sediment sample was placed on an Ortec Ge(Li) 

detector and counted using a separate GEOS Quarta 

4096 analyzer (channel multichannel pulse height) . 

The analyzer was set for a gain of 1 .0 Kev per 

channel . The vanadium peak for the 51 analyzed 

is at 1434 Kev. After a five minute counting 

period, the spectrum was stored on magnetic tape . 

Data reduction was done using the program 

HEVESY (Schlueter, 1972) . The program calculates 

peak intensities and converts these to concen-

tration by comparison with appropriate USGS standard 

rocks (DIS-2 and AGV-1) . Corrections are made for 

varying delay times, dead times, and neutron fluxes . 

For barium analysis, the sediments were ir- 

radiated for a 14 hour period . The samples were 

placed in aluminum Swagelok tubes along with 

standards and blanks and set in a rotisserie in 
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the reactor core . After irradiation the samples 

were allowed to "cool" for one to two weeks . 

The irradiated samples were counted for two 

hours using an Ortec (Li) detector and Canberra 

model 8700, 1024 channel multichannel pulse height 

analyzer . The peak of interest was that produced 

by barium x-rays at 29 Kev; the gain was set so 

that the peak was recorded in channel 160 . After 

the two hour counting period, the spectrum was 

stored on magnetic tape . 

Data reduction was performed again by HEVESY 

usini2 the USGS StandArd rnrk W-1 ac a },ac; c fnr 

sample concentration calculation . 

(d) Sediment ATP Analysis : (LaRock) 

(1) Onboard processing 

The sediment samples were transferred to culture 

tubes and stored on ice until extraction . The 

ATP was extracted by mixing thawed sediment with 

S ml of 0.6N H2SO4 maintained at 5° C . After 

the sediment had settled the supernatent was 

recovered and stored frozen for ATP analysis . 

(2) Analysis 

The samples were thawed and 1 ml of the extracts 

were transferred to Liquid Scintillation Counter 

(LSC) vials . After adding buffer and luciferin- 
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luciferinase prepartion to the vials, the 

light emission was counted by the LSC dur-

ing the period 1 .0 to 1.1 minute following 

enzyme injection . The light output was 

compared to standard curve and the ATP 

concentration computed . 



IV . INTERI.ABORATORY CALIBRATION AND QUALITY CONTROL 
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IV . INTER-LABORATORY CALIBRATION AND QUALITY CONTROL 

The intercalibrations with the SUSIO Consortium studies were 

designed to provide high degrees of quality control for the bio-

logical and chemical survey of the MAFLA area . Coordinators were 

designated for each of the following studies ; Phytoplankton-

Richard Iverson, FSU ; Zooplankton - Frank Ma.turo, UF ; Benthos -

Norman Blake, USF ; Hydrocarbons - John Calder, FSU ; Trace Metals -

Peter Betzer, USF . Each of these scientists had responsibility 

for setting up inter-laboratory calibrations among all participating 

laboratories and/or co-investigators within their study . It was 

also their responsibility to present the results of all inter- 

laboratory calibrations to the scientific manaoomPnt Pn���;rroo ^f 

the SUSIO Consortium as time and resources permitted . 

A . Biota 

1 . Water Column 

a . Phqtoplankton - R . Iverson (study coordinator) and 

R . Woodmansee 

As the plankton samples were collected, several were 

split and processed at the two participating laborator-

ies, Florida State University and Gulf Coast Research 

Laboratory . At least one sample from each of the five 

lease areas was treated in this manner, and the results 

compared and standardized . 
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b, Zooplankton - F, Maturo (study coordinator) ; G . Knauer, , 

and R . Woodmansee . 

Early in the program duplicate analyses were performed 

at both participating laboratories on randomly selected 

samples . In addition, samples were exchanged throughout 

the study between the Maturo and Woodmansee groups to 

insure continued taxonomic and counting standardization . 

Four samples were selected randomly from Lease 

Tracts T, II, and III (MS-9-TD-N2, MS-6-TC N2, 

MS-3-TC-N3, and C2-TA-N1) . Both halves of the final 

split were counted . One half was saved in Gainesville 

and the other counted halves were sent to the Gulf 

Coast Research Laboratory . 

The University of Florida Marine Laboratory re-

ceived samples from Lease Tracts IV and V, (Master 

Station 13, Lease Tract V (0-9 meters) (N-46) ; 

Master Station 10, Lease Tract IV (0-15 meters) 

(N-34) ; and Control Station C-3-5 (0-12 meters)) . 

The variability of the Folsom plankton splitter 

has been checked previously and found to be an unbiased 

sample splitter . Also, the counting technique used in 

this study had been scrutinized and standardized to 

reduce sources of processing error by Maturo's group 

and had been published on . 

Additional quality control was as follows : raw data 

sheets were inspected and verified for completeness (e .g . 

number of splits recorded, sample information complete, 



etc .) prior to analysis, and data card decks were ' 

verified for accuracy . 

2 . Benthos - N . Blake (study coordinator), B . Vittor, H. Rritzler, 

T. Hopkins, W. Bock, D. Moore, A. Humor, and T. Pyle . 

Quality control in the benthic survey was exercised in 

collection of samples, standardized training of collection 

teams, identification of polychaetes, and chemical analyses 

of organisms. The polychaete samples were exchanged between 

B. Vittor and H. Kritzler . Members of the Florida Depart-

ment of Natural Resources Marine Research Laboratory in 

St . Petersburg were available to verify any other 

identifications of other groups . 

The quality of preparation of randomly selected samples 

from each lease area which have been archived for histo- 

pathology were verified by Paul Yevich of the Environmental 

Protection Agency (N .M .W .Q .L ., West Kingston, R.I .) . 

B . Chemistry 

1 . Hydrocarbons - J . Calder (study coordinator), T . Lytle, J . 

Lytle, W . Sackett, P . Meyers, R . Pierce . 

a . Standardization of methods 

Principal Investigators and appropriate technical 

personnel gathered at Gulf Coast Research Laboratory 

to standardize laboratory procedures and perform 

practice analysis . 

b . Intercalibration of laboratories 

Representative samples were split among participating 

laboratories for analysis to confirm standardization . 
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analytical techniques, each using atomic absorption spec- 
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The MAFLA hydrocarbon group also intercalibrated with 

the hydrocarbon standards circulated by the NSF-IDOE 

Environmental Quality Office . Once methods were standard-

ized and reproducible among participating laboratories, 

analysis of environmental samples was begun. During the 

analysis period, samples were split and circulated among 

the laboratories to confirm maintenance of analytical 

consistency . 

c . Special methods to minimize laboratory contaminations 

of samples 

Organic solvents were double distilled in all-glass . 

systems . Periodically, appropriate volumes of solvent 

were reduced to small volume and checked for trace 

imi�,ri ti cc kv (Sr nnnl vci c K(1N wac haatoA AVPT'T i vhfi 

at 160° to remove hydrocarbon contaminants . 

Silica gel and alumina were activated overnight 

at 120° and 250° respectively to remove hydrocarbons 

and were stored in tight containers . 

All glassware was washed in detergent, rinsed with 

water, soaked overnight in chromic acid, rinsed with 

double distilled water, rinsed with double distilled 

hexane, and dried in an oven at 250° C before use . 

2 . Trace Metals - P . Betzer (study coordinator), B . Presley, 

and D . Segar 

Members of the trace metals group standardized their 

r troscopy, before analysis of the samples . Two National 
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Bureau of Standards samples were used in the standardi- 

zation : plastic clay and bovine liver . Since each of 
J 

the participating laboratories had previously analyzed 

at lease one of these standards as a check on the ana-

lytical methods they used in other federally-funded 

programs, there was a successful inter-laboratory 

calibration . 

After the analyses of the samples began, the trace 

metals group exchanged samples . Sediment samples were 

sent to each of the other participants and to a laboratory 

specified by BIM which then analyzed them for the same 

elements iron, chromium, nickel, vanadium, copper, camium, 

lead) . In addition, P. Betzer and S . Betzer forwarded 

samvles of suspended matter and camnloc of o T,n*.t1, ; .. 

organism which they had analyzed, respectively, to B, 

Presley, D. Segar, and the laboratory specified by BLM. 

Again, each participant analyzed each sample for the same 

suite of seven elements . The results of these intercali-

brations were tabulated and were exchanged among the 

participants . 

3 . Dissolved Micronutrient Analysis - K. Fanning 

Procedures for quality control have been applied to the 

dissolved micronutrient analysis techniques, including 

those recomnended'by the Environmental Protection Agency 

(1972) . 

The results of the comparison of values with EPA 

provided samples indicate that we are capable of providing 
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analytical results which are sufficiently accurate that 

they-may be successfully compared with phytoplankton 

distributions and other aspects of the survey of the 

West Florida Shelf . 

Because of the results of Johnson and Wilson (1972), we 

have proposed to measure only phosphate plus arsenate, and 

not phosphate . Their work indicates that, for low-nutrient 

surface water, the probability is quite high that an ap-

preciable fraction of the material reacting in the phosphate 

determination is really arsenate, and the shallow waters 

overlying the West Florida Shelf should qualify as low-

nutrient surface water according to LaRock and Bittaker 

C1973) . 

During the analyses on the thawed samples, several 

quality control procedures were applied . First, studies of 

reproducibility and standard addition were made on the actual 

samples as suggested by the Environmental Protection Agency 

(1972) . Next, manual determinations of dissolved silica in 

some of the samples were made to compare with the automated 

analysis . 

C . Quality Control 

Listings of quality control designated samples transmitted by 

SUSIO investigators to the BLM, with the exception of the 24 

zooplankton and six lipid-extract samples sent by FSU 

(January 7, 1975) and GCRL (December 16, 1974) respectively, 

for dissemination to BLM's non-SUSIO consortium laboratories 



LOCATION 

Station Coordinates General . 
Number Latitude-Longitude , Area 

WC-6-Ft L[ . 29° 43' RA III 
Lg . 84° 22' 

WC-4-C Lt . 29° 33' BA IV ' 
Lg . 88° 13' 

WC-13-M Lc . 29° 57' RA n 
Lg . 88° 14' 

WC-1-H Lt . 27° 49" RA I 
Lg . &3° 28' 

F';,-6-M Lt . 2F° 43' RA II 
Lg . 84° 22' . 

WC-9-H Lt . 29° 52' RA III 
LS. 86° 16' 

WC-13-M Lt . 29° 51' . RA V 
Lg . E8° 14' 

8C-1-C Lt . 23° 13' RA I-II 
" Lg . 84° 02' 

KC-6-11 Lt . 280 43' RA 11 
Lg . 84° 22' 

AC-15-H Lt . 29° 56' RA O 
Lg . 88° 33' 

WC-9-1f .Lt . 29° 52' RA III 
Lg. 86° 16' 

WC-1-M Lc . 27° 49' . RA I 
tg.-83*ZB . - 

HC-3-C Lt . 29° 57' M III-IV 
Lg . 87° 10' 

WC-4-C Lt . 29° 33' RA I0 
Lg . 88° 13' 

WC-10-M, Lt . 29° 36' RA V 
' Lg . 87° 25' 

WC-7-4 Lt . 290 44' RA III 
Lg . 86° 01' 

WC-1-14 Lt . 27°49' RA I 
Lg . 83° 28' 

.WC-3-M Lt . 28° 56' RA I 
Lg . 83° 44' 

WC-6-14 Lt . 24° 43,' RA II 
Lg . 84° 22' 

HC-6-H Lt . 280 43' RA 11 , 
Lg . 84° 22' 

WC-7-M Lt . 29* 44' " RA III 
LS. 86° O1' 

47C-1-C . Lc . 28° 13' M I-II 
Lg . 84° 02' 

WC-3-1( Lt . 270 56' RA I 
Lg . 83° 44' 

41C-1-K . Lt . 28° 13' RA I 
Lg . 84° 02' 

WC-1-C Lt . 28° 13' . RA I-11 
Lg . 84° 02' 

WC-7-H Lt . 29° 44' RA III 
Lg . 86° 01' 

WC-3-M Lt . 270 56' RA I 
LS . 83° 44' 

01 Sample , Trace 'Xatzl 
Description 

Particulate Matter, 3etzec .-
Prefiltered, surface 

Particulate Matter, BetzefY 
Surface 

Particulate Hatter, . Batzes^ 
Surface 

Particulate Matter, 3atzeu-
15 meters depth 

Particulate !fatter, . Betzer.-
30 meters depth 

Particulate flatter, 9ecze~~ 
55 meters depth 

Particulate Matter, " Beczelt 
middle depth 

Particulate Matter, HeczeYf 
prefiltered, 20 meter depth 

Particulate Matter, Betzelf 
Yr9filtnred, surface depth . 

Particulate Matter, . Betze(r-
Riddle depth 

Particulate Matter, Be[zerr 
prefiliered, 55 meters 

~Iri .la ~ ors . ''RB22CS' 
28 meters 

'\ 
Particulate Matter, Bet :.eir 
Middle depth 

Particulate Matter, Setzeu- . j 
Middle depth 

Particulate Matter, Betzea 
Bottom depth . - j 

i 
Zooplankton, . . Hetzetr . . ; 
0-11 meters 

Zooplankton, Betzetr 
18-27 meters 1 

i 
Zooplankean, BetzeiY 
10-20 meters j 

2ooplankton . Betzeh-
0-9 meters 1 

Zooplankton, Betzeir- i 
9-18 peters 

Zooplankton, Re[zerr I 
11-22 meters 

2oopkankton, Betzew-
0-10 meters 

Zooplankton, Betzex 
0-10 meters 

Zooplankton, Betzeer-
0-9 meters 

Zooplankton, ' Betzert-
21-32 meters 

2ooplankton, BeczeII-
22-34 meters 

tooplankton, be[zerr 
20-30 meters 

25 

36 

67 

7 

87 

85 

77 

1 

12 

14 

22 

. 23 

2 

16 

13 

10 

25 

3 

YS 

20 fms . 

14 fms . 

32 fms . 

.7 fms . 

10 fms . 

YS fme . 

40 fms . . . 

23 fms . 

18 fms . 

22 fme . 

20 fms . 

20 fms . 

23 fms . 

18 fma . 

22 fms . 

18 fms . 

18 fms . 

23 fms . 

22 fms . . 
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HAFU TRACE METAL QUALITY CONTROL 

" (Samples In~liand and Being Processed by Dr . Moatalvo) 
Report prepared on January 13, 1975 

Sample 

11 

84 

as 

66 

14 

61 

76 

13 

Depth of 
Station 

20 fms, 

25 fms ., 

17 ema . 

17 fma . 

20 fms. 

34 fms. 

17 fms. 

20 fms. 



LOCATION 

Station Coordinates 
r Sacole Fu r. .bei Latitude-Longitude 

26 `WC-6-H Lt . 28° 41' 
LS. 84° 22' 

g ' WC-2-C Lt . 29° 28' 
Lg . 85° 50' 

11 WC-14 Lt . 27° 49' 
Lg . 83° 28' 

1 BC-1-C . Lt . 29° SS' 
Lg . 88° 43 .5' 

2 HC-2-M Lt . 29° 55 .5' 
Lg . 8A° 33 .5' 

3 ' BC-3-Y Lt . 29° 53 .5' 
Lg . 88° 30' 

5 BC-5-C Lt . 29° 55 .5' 
Lg . 83° 25' 

6 EC-6-`t Lt . 29° 58 .5' 
Lg . 88° 21' 

7 BC-7-X Lt . 29° 56' 
Lg . 88° 15' 

9 BC-9-H Lt, 29° 53.5` 
Lg . 88° 12 .5' 

11 BC-11-H Lt . 29° 43 .5' 
Lg . 87° 54 .5' 

13 BC-13-H' LC . 29° 38 .5' 
- g-8T0 . 45 --

16 BC-16-C Lt . 29" 40 .5' 
Lg . 87° 37' 

.19 BC-19-7c Lt . 290 27' ; 
Lg . 87° 24 .5' 

" 22 BC-22-C Lt . 29° 49 .5' 
Lg . 86° 25 .5' 

24 BC-24-14 Lt . 29° 51' 
Lg . 86° 18 .5' 

25 BC-TS-M Lc . 29° 46' 
Lg . 86° 18 .5' 

26 BC-26-wt Lt . 29° 54' 
Lg . 86° 15 .5' 

27 HC-27-M Lt . 290 43' 
Lg . 86° 15 .5' 

28 BC-28-M Lt . 29° 43' 
Lg . 86° 15 .5' 

29 BC-29-"f Lt . 290 56' 
Lg . 86° 12,5' 

30 BC-30-M Lt . 29° 46' 
Lg . 86° 12 .5' 

32 BC-32-M . Lt . 29°'43' 
LS . 86° 09 .5' 

33 BC-33-C Lt . 290 38' 
Lg . 86° 10 .5' 

34 BC-34-C Lt . 29° 56' 
Lg . 85° 06 .5' 

36 BC-36--M Lt . 29° 46' 
" Lg . 86° 06 .5' 

38 SC-38-H Lt . 29° 43' 
LS. 86° 01 .5' 

Trace ,-tal 
I-rvcs i .c-_ a _[loz 

Betzew- 
Y 

Setzex' 

Betzclc- - ; 

Presley . 

Presley 

Presley 

Presley 

e- 
Presley 

i 
. Presley t 

Presley 

Presley 

Presley 

General Depth of Sample . 
Area ' Station Description 

RA II 20 fma . 2ooplankton, 
18-27 meters 

RA III 20 fms . 2ooplankton, 
11-25 meters 

RA I 18 Ems . 2ooplankton, 
. 9-IS meters 

RA V 8 fms . Sediment 

RA V 14 fms . Sediment 

RA V 15 fms . Sediment 

RA V 17 fms . Sediment 

RA O 17 fms . Sediment 

RA 0 17 fms . Sediment 

RA P 17 fma : Sediment 

RA Y0 21 fma, Sediment. 

RA IV 21 fms . Sediment 
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lL1FLq TRACE ItETAL QUALITY CONTROL 

' (Samples In-Hand and Being Processed by Dr . Montalvo) 
Report prepared on January 13, 1975 

a 
e 

RA IV 20 fms . Sediment Presley 

RA IV 186 fms . Sediment Presley 

j 

RA III 48 fms. Sediment . Presley 

t 
t 

RA III 40 fms. Sediment Presley F 
!1 

RA III 45 fms. Sediment Presley 

RA 111 31 fms . Sediment Presley 

RA 111 35 fms, Sediment . Presley 

RA III 38 fms., Sediment Presley 
i 

RA III 29 fme. Sediment Presley 

RA III 30 fms. Sediment Presley 

RA III ' 26 fms. Sediment Presley 

RA III 38 fms . Sediment Presley 

M III 21 fms . Sediment Presley 

RA III 25 fms . Sediment Presley 

M III 24 fme . Sediment , Presley 
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, . . , KAFLA TRACE METAL --QUALITY CONTROL 

(Samples In-Hand and eaing Processed by Dr, Montalvo) 
Report preparad on January 13, 1975 

LOCATION ' 

Station Coordinates General Depth of Sample Trace ::e ." ,.. 1 I $anole Number Latitude-Longitude Area Station Description Invest,.ra;-mss' 

3g RC-39-C Lt . 29° 45~.51 RA IIZ . 23 fms, Sediment Presley t' 
Lg . 86° 00.5' 

41 BC-41-C Lt . 29° 47 .5' RA 0-III 100 fms . Sediment Presley i 

Lg . 36° 54 .51 
a 

42 BC-42-C Lt . 28° 42' RA II 20 fms . Sediment Presley .-l 
Lg . 84° 26 .5' 

44 BC-44-M Lt . 28° 26 .5' RA II 26 fms . Sediment Presley 

43 BC-4B-Pt Lt . 23° 29' RA II 23 fms . Sediment Presley 
Lg . 84° 21' 

49 BC-49TH LC . 28° 24' RA II 25 fins . Sediment Presley 

" Lg .. 84° 21' i' 

54 BC-54-C Lt . 280 29' RA II 19 fms . Sediment Presley 

Lg . 840 11' 

56 BC-56-?1 Lt . 28 
0 
0 00 .5' RA I 21 fms. Sediment ' Presley 

j Lg . 830 45' 

57 BC-57-H Lt . 27° 57 .5 RA I 21 fms . . Sediment Presley 

Lg . 83° 42 .5' 

60 BC-60-C Lt, 28° 011 RA 2 17 fms, Sediment- Presley 
Lg . 83° 35 .5' . . 

61 it- 2 Z°_56' - - RA 1 ts-fw ,r---Sediment.---- ' ezeslc~-_ .-,~ 
Lg . so° 27 .51 

2!I-3b3 WC-7-:S Lt . 29° 44' RA III 23 fms . Dissolved, " Segar ( 
Lg . 86° 01' . 20 meters 

T`1-766 WC-7-4 Lt . 290 441 RA III 23 fms . Dissolved, Segar 
Lg . 86° 01' 1 meter 

i 
13t-527 GC-13-K Lt . 29° 57' ' '. . RA V 17 fms . Dissolved, Segar y 

Lg . 88° 14' Surface 3 

TM-530 . WC-13-?[ Lt . 29° 57' RA V 17 fms . Dissolved, Segar 
Lg . 88° 14' Riddle 

Segac - -T4-535 WC-13-M Lt . 29° 57' RA 0 17 fmv . Dissolved, 
Lg . 88° 14' Bottom 

i`t-860 XC-10-"f Lt . 29° 36' RA IV 40 fms . Dissolved, Segar 
LS : 87° 25' Surface . . 

TM-889 WC-10-14 Lt . 29° 36' RA IV 40 fms . Dissolved, Se3ar 
Lg . 87° 25' Bottom 

Tri-891 NC-12-M Lt . 29° 46' . RA IV 20 fms .Dissolved, Segar 
Lg . 87° 54' , Bottom 

TK-909 ------------------No Data Available--- ------r-"------Dissolved Segar 

T21-917 WC-1=C Lt . 280 13' RA I b II 20 fms " Dissolved, Segar 
L9 . 840 02 ; 20 meters 

T H-920 LC-4-M Lt . 28° 21' RA II 28 fms . Dissolved, Segar 
Lg . 84° 25' 27 meters 

TM-921 WC-4-M Lt . 28° 21' RA 
. 84° 25' 

II 28 fms . Dissolved, Segar 
Lg 48 meters 

TM--922 WC-4-H Lt . 28° 21' RA II 28 fms " Dissolved,' Scgar 
Lg . 8G° 25' 1 meter 

TM-924 WC-4-H Lt . 280 21' RA II 28 fms " Dissolved, Sugar 
Lg . 84° 25' 48 meters 

TM-925 - -,- - - - - - - - - - - - - - - - No Data Available - - - - - - -.- - - - ' - - - - Dissolved Se gar 



MAFIA TRACE METAL QUALITY CONTROL 

(Samples In-Hand and Being Procensed by Dr . Hontalvo) 
Report prepared on .January 13, 1975 

LOCATION . 

Station -Coordinates General Depth of Sample 

Sam 1e Number Latitude-Longitude Area Station Description 

62-E _ _ _ . " - - - - Data Not Available At Time of Listing - - - - - - - - Benthic 
Invertebrates 

62-E - - - - --- ' - - .Data Not Available At Time of Listing - - - - - - - - - - Benthic 
" Invertebrates 

62-A-1 - - - ' - ' - - ' Data Not Available At Time of Listing - - - - - - - - ' ' Benthie 
Invertebrates 

60-g . . - - - - - - - Data Not Available At Time of Listing - - - - - - - - - - Benthic 
Invertebrates 

60-A - .- - - --- - - - Data Not Available At Time of Listing - - - - - - - - - - Benthic 
Invertebrates 

6-18 II-&-1 - - - - ' - - - Data Not Available At Time of Listing - - - - - - - - - - Benthic 
Invertebrates, 

S1-F - - - ' - " ~- - - Data Not Available At Time of Listing - - - - - - - - - - Benthic 
Invertebrates 

S1-A - - - - - - - - - Hata Not Available AC Time of Listing - - - - - - - - - Benthic 
Invertebrates 

. - - - - - - - = Data Not Availablx At Time of Listing - - - - - - - - - - Benthic 
Invertebrates 

. . - - Data Not Available At Time of Listing - - - - - - - - - - Benthic 
Invertebrates 

6-19 II-B-4 - - - - - - - - Data Not Available At Time of Listing - - - - - - - - - - Benthic 
rtcbratex--

6-18 II-H-LA - - - - - - - - Data Not Available At Time of Listing --- - - - - - - - - Benthic 
Invertebrates 

6-18 II-0-1 " - - - -,- - - - Data Not Available At Time of Listing - -- - - - - - - - ' Benthic 
Invertebrates 

43-A - - - - - - - - - Data Not Available At Time of Listing - - - - - - - - ' ' Benthic 
. Invertebrates 

6-VIII-F - - - - - - - - - Data Not Available At Time of Listing - - - - - - ' - ' - Benthic 
Invertebrates 

32-8 - - - - - - - - - Data Not Available At Time of Listing - - - - - - - -.' ' Benthic 
Invertebrates 

5-29-IV-F-4 - - - - - - - - Data Not Available AC Time of Listing - - - - - - - ' ' ' Benthic 
" Invertebrates 

2/I - - - - - - - - - Data Not Available At Time of Listing - - - - - - ' - - ' Benthic 
Invertebrates . 

54-A - - - - - - - - - Data Not Available At Time of Listing - - - - - ' ' ' - - Benthic 
Invertebrates 

32-A - - - - - - " - - Data Not Available At Time of Listing - - - - - - ' ' - - Benthic 
Invertebrates 

Trace Yttal 
Irves t i :a ; f un 

Better 

Better 

Better 

Better 

Better 

Better 

Better 

Better 

Better 

Better 

Better -- 

Better 

Better ( 

t 

Better , fi 
. ;; 

Better 
i 

Better y; 

Better 

Better 

Better 

Better 
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MAFIA HYDROG1RBpN QUALITY COYTROL '' . 

" Report Prepar~~d January 21 . 1975 
' (Samples In-bard and Being Processed by Dr . Lasater) 

. Hydrocarbon Sample Station Location Sample Description Investlacf,~ " 
Depth of Station 

' Station No . Coordinates General Area In Fathoms 

FSU-1 . VC-C-1 Lt . 28° 13' RAT-11 20 fss, ' lda r 
HC,C-1 Lg . 84° 02' 

Surface Zooplankton G 

FSU-2 WC-C-1 Lt . 28° 13' t RAI-II 20 fms . Bottom Zooplankton _.Calder 
H-C,C-1 Lg . 84° 02' 

FSU-3 QC-C-2 Lt . 29° 28' RA-III 20 fms . Surface Zooplankton _C-alder 
C-2 Lg . 850 50' 

FSiL-4 Wt-C-2 Lt . 29 28' RA-III 20 fats- Kidvater Zooplankton Calder 
C-2 Lg . 85° 50' 1= 

FSU-S WC-C-2 Lt . 29° 28' RA-III 20 fms . Bottom Zooplankton " Calder 
C-2 Lg . 8S° SO' 

0 
FSU-6 WC-3 Lt . 27 56' RA-III-IV 30 fms . Surface Zooplankton Calder 
NS-3-H-C Lg . 83° 44' 

FSU-7 AC-3 Lt . 27° 56' a 
NS-3-8-C Lg . 83° 44' RA-111-IV 30 fms . Bottom Zooplankton Glaec 

FSII-8 AC-4 Lt . 28° 21' RA-PI 23 fee . Kidvater Zooplankton Calder 
NS-4-H-C Lg.,84° 25' 

YSO-9 HC-4 Lt . 28° 21' BA-II 30 far . Bottom Zooplankton -Calder 
MS-4-H-C Lg . 84° 25' 

FSU-10 WC-6 Lt . 28° 43' RA-II . 20 fme . Surface Zooplankton Calder 
KS-6-H-C Lg . 84° 22' 

s 

FS-fl__ WC-6 Lt . 28° 43' RA-II 20 fms . Hldvater zooplanktou Glder 

FSU-12 WC-6 Lt . 280 43' BA-II 20 fms . Bottom Zooplankton Calder 
MS-6-A-C LS. 84° 22' 

7 
PSU-13 WC-7 ,Lt . 29° 44' RA-III 23 fms . Surface Zooplankton Calder 

MS-7 Lg . 860 01' j 

alaer FSU-14 WC-9 Lt . 29° 52' RA-III 33 fas . Bottom Zooplankton 
HS-9 , Lg . 860 16' 

GCRL-I-L ,' " - --- - -- Solvent B1~aak L7tlt -.` 

CCRL-2-L BC-S-C Lt . 29° 55 .5' RA-0 17 fme . Sediment Lycle 
Lg . 88° 25' 

t 
GCRL-3-L BC-7-H Lt . 29° 56' RA-4 17 fns. Sediment Lytle i 

Lg . 88° 15' 

CCRL-4-L HC-15-C Lt . 29° 30 .5' RA-_1V 30 fme . Sediment Lrtle 

Lg . 87° 47' 

GCRL-5-L BC-22-C Lt . 29° 49 .5' ' RA-III 40 fme . Sediment L7ile 
Lg . 86° 25 .5' _ 

CCRL-6-L HC-23-M Lt . 29° 56' RA-III 36 fme . Sediment Lytle 
Lg . 86° 18 :5' 

CCRL-7-L HC-24-H Lt . 29° 511 RA-III 40 fm ; . Sediment Lytle 
Lg . 86° 18 .5' 

CCRL-B-L 'BC-27-H , ..Lt . 29° 48' RA-III 36 fme . Sediment Lycle 
Lg . 86° 15 .:5' 

CCRI.-9-L BC-55-C . ' Lt . 27° 56 .5' RA-I 25 fms " Sediment Lytle 
Lg . 85° 53' 

CCRL-10-L BC-57-M Lt . 27° 57 .5' . M-I 21 fus " Sediment Lytla 
Lg . 83° 42 .5' 
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Report Prepared January 21, 1975, ' 
(Samples In-Hard and Being Processed by Dr . Laseter) 

Sample , Station , No . Station Location General Area Depth of 
Coordinates Station 

FSU-15 " t IiC-3. 270 56' 
!IS-1 83' 44' RA-I 38 s 

FSU-16 WC-3 290 44- 
HS-7 860 01' &1-I 38 a 

FSU-17 WC-1-C 28° 13' 
C-1 84° 02' RA-I-II 39 0 o 

FSO-19 " WC-1 27 49' 
!IS-1 830 28' RA-I 30 s 

FSU-20 ~ WC-1 27° 49' 
H§-1 830 28' RA-I 30 a 

FSU-21 WC-1 270 49' 
MS-1 830 28' EA-I 30 0 

FSU-22 HC-9 .29° 52' 33 fm 
!LS-9 860 13' RA-III 57 m 

FSU-23 WC-3 270 56' 
!LS-3 83° 44' SA-I 38 s 

TSU-24 WC-9 29° 52' 33 fm 
86° 13' BA-III 57 m 

NC : Water Column Station 

GCRL : Gulf Coast Research Laboratory 

L" Lytlfl-_ . 

u . : DVi Voi! JC8L10II 

M: Box Core Master Station 

Lt . : Latitude 

Lg . : LLngitude 

BA-2 : Off Florida 

RA-II : Off Florida 

BA-III : Off Florida 

BA-IV: Off Mississippi-Alabama 

BA-0: Off Mississippi-Alabama 
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Sample 
Description Investigation 

Bottom Zooplenkton Calder 

Bottom Zooplaakton Calder 

ltidvater Zooplankton Calder 

Surface 2ooplankton Calder 

![idvater Zooplankton Calder 

Bottom Zooplankton Calder 

T Calder 

ltidvater 2ooplankton Calder 

I Calder 

FSU : Florida State University 

B-C : Hydrocarbon Sample 

C : Control Station 

MS : Water Column "Raster Station" Stations (Caulder) 

. . ~ ~ i . 



. lfAFLA HYDROCAR30N QUALITY CONTROL 

" Report Prepared November 15, 1974 
(Samples In-Hard and Being Processed by Dr . Laseter) 

Hydrocarbon 
Sample Station Location Sample Description in- 

Depth of Station 
Station No . Coordinates General Area In Fathoms 

FSU-1 WC-C-1 Lt . 2B° 13' RAI-IT 20 fms, Surface Zooplankton Calder 
HC,C-1 Lg . 84° 02' 

FSU-2 WC-C-1 Lt . 28° 13' ItAI-II 20 fma . Bottom Zooplankton Calder 
H-C,Gl Lg . 84° 02' 

FSU-3 WC-C-2 Lt . 29° 28' RA-III 20 fme . Surface 2ooplankton Calder 
C-2 Lg . 850 50' 

FS C-4 WC-C-2 Lt . 29 28' RA-111 20 fms . lfidwater Zooplankton Calder 
C-2 Lg . 85° 50' 

FSU-5 AC-C-2 Lt . 240 28' RA-III 20 fma . Bottom Zooplankton Calder 
C-2 Lg . 85* 50' 

FSU-6 HC-3 Lt . 270 56' RA-III-IV 30 fma . Surface Zooplankton Calder 
HS-3-H-C Lg . 83° 44' 

FSU-7 WC-3 Lt . 270 56' 
HS-3-H-C Lg . 83° 44' BA'III-IV 30 fma . Bottom Zooplankton Calder 

FSU-8 AC-4 Lt . 28° 21' BA-IV 23 fps . Midvater Zooplankeon Calder 
MS-4-H-C Lg . 84° 25' 

FSU-9 WC-4 k . 28° 21' BA-II 30 fns . Bottom 2ooplankton Calder 1i5-4-R-C Lg . 84° 25' 

FSU-10 WC-6 Lt . 28° 43' RA-II . 20 fins . Surface Zooplanktou Calder HS-6-H-C, Lg . 84° 22' 

FSU-11 WC-6 Lt . 28° 43' RA-II ' 20 fma . Hidvater zooplankton - Calder HS-6-H-C Lq . 84° 22' 

FSU-12 WC-6 Lt . 280 43' RA-11 20 fats . Bottom Zooplankton . . Calder 
?15-6-}i-C Lg. 94 i 22' - -- 

- .Lt . tv^ 44' RA-III 23 fuss . Surface Zooplankton Calder e Lg . &60 '011 

FSU-14 WC-9 Lt . 290 52' RA-III 33 fma . Bottom Zooplankton Calder 
Lg . 86° 16' 

GCRL-I-L , " -- -- -_ - Solvent Black Lytle 

GCRL-2-L BC-S-C Lt . 29° 55 .5' RA-V_ 17 fms . Sediment Lytle 
Lg . 88° 25' 

CCRL-3-L BC-7-H Lt . 29° 56' RA-:V- 17 fms . Sediment Lqtle 
Lg . 88° 15' 

GCRL-4-L HC-15-C Lt . 29° 30 .5' RA-IV 30 fmn . . Sediment " Lytle 
Lg . 87° 47' 

CCRL-S-L BC-22-C , Lt . 29° 49 .5' ' BA-III 40 fms . 'Sediment' ~'Lytle 
Lg . 86° 25 .5' 

CCRL-6-L BC-23-H Lt . 290 56' RA-III . 36 fma . Sediment ' ~Lytle 
Lg . 86 18 :5' 

GCRL-7-L BC-24-H L[ . 290 51' &A-III 40 fma . ' 'Sediment ILy'tle 
Lg . 86 18 .5' 

GCRL-S-L BC27-H Lt . 29° 48' RA-III 36 fma . Sediment ' 'Lptle 
Lg . 86° 15 .:5' 

GCRL-9-L BC-55-C Lt . 27° 56 .5' RA-I . . 25 fms . Sediment Lytle 
Lg . 85° 53' 

CCRL-10-L BC-57-M Lt . 270 57 .5' " RA-I 21 fma . Sediment Lytle 
Lg . 83 42 .5' 

FSU : Florida State University L^% Lytle RA-II : Off Florida 
8-C : Hydrocarbon Sample SC : Box Core Station 

RA-111 : Off Florida 
C : .Control Station K : Box Core Master Station 

RA =_IV : Off Mississippi-Alabama 
MS : Water Column "Neater Station" Station e (Caulder) Lt . : Latitude 

RA-V : Off Miesiseippi-Alabama 
WC : Water Column Station Lg . : Longitude 

CCRL : Gulf Coat Research Laboratory RA-I : Off Florida 
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D. SAMPLE INVENTORY 



P . Hetzer Trace metal, suspended 
matter 42 42 0 By nature of the study no samples . 
Trace metal,zooplankton 42 48 +6 and/or specimens were retained . 

S. Betzer Trace metal,benthic fauna 65 111 +36 

A . Blake Histopathological 
Hietopathological Slides (240 . : . 
samples) . All molluscs from all . ' 
box core replicates sorted by 
1Cf~itzler . Stored Qt USF, 3t . Pete. 

All foraminifera Bottom Sediments at Stations 
Stored at UM, Miami 51 and 58 were unsuitable for 

bo 1 th th ai i 

W. Hock Live foraminifera 130 126 -4 
Fossil foreminifern 0 126 ' ' +126 

J. Calder Hydrocsrbone,zooplankton 42 42 - 0 
Hydrocarbon, dissolved 
high molecular weight 42 42 0 

L. Doyle Clay minerology 82 114 +32 
Vane shear teat variable 550 --- 

x cor n5, ue e rem n ng 
4 cores were not collected . One 
complete series of samples (63 
subsamples)were processed for 
both live and fossil foraminifere 
Though not contracted for, this 
extended study provided increased 
data for better describing the 
foraminfifera fauna . 

By nature of the study no 
samples and/or specimens were 
retained . 

Sediment samples 
Epoxy peels 
Stored at USF, St . Pete . 

Epoxy peels were made from all 
core stations collected. Un-
suitable bottom sediment prevents 
the sampling of the full compleme 
of cores originally proposed . 

X. Fanning 

T. Hopkins 

57 66 

60 61 
variable , 300+ 
variable 1200 ft . + 

V. SYNOPSIS OF COLLECTIONS AND ANALYSIS CONTRACTED FORt 
COLLECTIONS AND ANALYSIS PERFORMED ' 

PRINCIPAL ' SAMPLE NUMBERS 
INVESTIGATOR SAMPLE ANALYSIS TYPE CONTRACTED FOR COLLECTED DIFP"ERE11'Z DISPOSITION OF COLLECTIONS/DATA COI~NTB 

Archiving variable 240 

Micronutrient analysis 

Epifaunel samples 
35 mm slides 
8 mm movies 

+9 Refrozen portion of original sample 
retained . .Stored at USF, St . Pete . 

+1 35 mm color elides (developed) Dive stations were reduced in 
--- Super 8 mm movie film (developed) Areas IV d Y due to extremely 
--- Sponges, hard & soft corals,echino- limited visibility . Dive & Drede 

deans, molluscs, crustaceans, & stations were sampled in exeeee 
algae (Chlorophyta, Phacophyta, & of the contracted amount in 
Rhodophyta)collected during diving Areas I-III where conditions 
studies . Stored et UWF,PensQCOla . permitted . 
Polychaetes sent to U.Ala .(See 
Vittor) . 



V. SYNOPSIS OF COLLECTIONS AND ANALYSIS CONTRACTED FOR: 

water formaldehyde, for study 
" of their epiphytes stored in 

. USF Phycology Lab,5t . Pete . 
Sargassum archived for hydrocarbon 
analysis, 52 aemplea .(See Lytle) 

R. Iverson net pl~ytoplankton 33 33 0 Portion of phytoplankton and 
nanno phytoplankton 33 33 ' 0 nannoplankton samples stored at 
chlorophyll a analysis 198 208 '~}10 FSU, Tallahassee (see Woodmansee) 
chlorophyll b analysis . 0 208 +208 
hl 11 1 1 0 208 +208 h y c ana ya e c orop 

pheophytin analysis 0 208 +208 
chlorophyll a :curotenoide 0 208 +208 

Zratio) 

(3 . Knauer Particulate organic 
carbot 42 42 0 
Dissolved organic 
carbon ~, 42 42 0 

H. Kritzler Biomass; determinations 520 481 -39 
Polychaete identification 520 321/481 -39 
Amphipod preparation 0 variable + 
Mollusc'prepsre,tion 0 variable + 

65 61 -4 
65 62 -3 ' 
10 22 +12 

Sexgassum frozen ;, retained for 
future hydrocarbon reference ; box 
cores . N core) frozen ; retained 
for future hydrocarbon reference . " 
Stored at GCRL, Ocean Springs, M3 . 

T. Iiytle Total Organic Carbon 
J. Lytle Sediment Hydrocarbon 

Algal Hydrocarbon 

COLLECTIONS AND ANALYSIS PERFORMED 

PRINCIPAL . SAMPLE NUMBERS 
INVESTIGATOR SAMPLE ANALYSIS TYPE CONTRACTED FOR COLLECTED DIF"RE.ICE DISPOSITION OF COLLECTIONS/DATA COMMENTS 

g, Humor SarRasaum epiphytes variable 87 --- OaraasQUm preserved in 5% sea . 

P. LnRock Sediment Adenosine 
Triphoephate 
Water Column Adenosia'e 
Triphosphate 

65 65 0 

variable 18 -- 

, . 

By nature of the study no eample.e POC and DOC samples were 
and/or specimens were retained . 'collected in triplicate, 

producing 126 POC and 126 DOC 
subsamplee . 

All infaunn from 481 cores Unsuitable bottom eedimeata 
(Stations 1-5Q, 52-5Z, 59-65) are prevented the complete collectio 
stored at FSU Marine Lab except : of the proposed cores for 
1) polyche.etes from Areas IV & infaunal analysis. 

V (see Vittor) 
2) all molluscs (see Blake) 
3) all amphipods from one repli-

cate of each of the 63 box 
core stations (sent to Larry 
McKinney, Texas A&M Univ .) 

By nature of the study no samples Four replicates were taken !or 
and/or specimens were retained., sediment ATP, producing 260 sub-

samples . Seven replicates were 
taken for water column ATP, pro-
ducing ],26 subsemplea . 



P. Meyera Hydrocarbons, Henthic 
Fauna 200 11'( -83 Benthic fauna for future hydro- 65 samples analyzed, yielding 

carbon analysis. Stored at U of 177 gravimetric analyses and 
Michigan 118 gas chromatographic analyses, 

D. Moors Micromolluaca 130 125 -5 Micromollueca stored eat UM, Miami Full complement of box cores Were 
not collected due to unsuitable 
bottom sediment. 

R . Pierce Particulate hydrocarbons 42 ' 42 0 Samples of particulate matter 
filtered from water samples 6 

' stored for future particulate 
hydrocarbon reference . Stored 
at US Miss. , 

1 H . Presley Trace metal, sediment, 65 5'( -8 By nature of the study no samples 
and/or specimens were retained. 

T . Pyle Remote bottom photography variable 681 -- 35 mm black & white negatives, 
648 exposures ; 35 mm color', 33 
exposures . Stored at USF, St . Pete . 

W . 6ackett Dissolved low molecular 
D. Schink weight hydrocarbons 57 111 +54 By nature of the study no samples Sniffer system produced s C1-CS 

Hydrocarbon "sniffer" 0 1116 +1116 and/or specimens were retained ., concentration data printout 
every 5 minutes . Cruise track 
covered 25 MAFLA stations . 

D . Segar Dissolved trace metals 42 66 +24 By nature of the study no samples . 
and/or specimens were retained. . , 

.W . Tanner Sediment archiving variable 589 -- Subcores, from one box core, from 
each oY the 63 .bottom stations, are 
stored in FSU NSF-sponsored freezer 
Core Repository . 

H . Vittor Polychaete identification 520 160/481 -39 Polychaetes from Areas IV b V ; 160 321 of 481 total poly- 
samples (Stations 1-20) ; polychaetes chaete~eamplee sent to 
from diving studies (See Hopkins) Kritzler for I .D . 
stored at U . Ala., Dauphin Island. 

.' . . 

I . , , . . 

n . SYNOPSIS OF COLLECTIONS AND ANALYSIS CONTRACTED FORt . , 
COLLECTIONS AND ANALYSIS PERFORMED 

PRINCIPAL SAMPLE NUMBERS . . . , . 
INVESTIGATOR SAMPLE ANALYSIS TYPE CONTRACTED FOR COLLECTED DIFFERENCE DISPOSITION OF COLLECTIONS/DATA 'COMMENTS 

F. Maturo Zooplankton analysis 8Z-168 177 +9 , 2ooplankton reserve samples from Excess samples resulted .
Areas I,II,&III stored at UF, from taking full complement 
Gainesville. 'of replicated samples at 

control stations 1 and 2 . 
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Y . SYNOPSIS OF COLLECTIONS AND ANALYSIS CONTRACTED FOR: 
COLLECTIONS AND ANALYSIS PERFORMED ', 

PRINCIPAL SAMPLE NUMBERS ! . . , . . 
INVESTIGATOR SANIPLE .A?1ALYSIS TYPE CONTRACTED FOR COLLECTED DIFFERF fCE DISPOSITION OF COLLECTIONS/DATA COMMENTS 

x . Wanlees Sieved sediment 65 76 +11 35 mm slides (developed) of box . . 
35 mm elides variable `580 -- cores Radiographs (X-ray neg.) 
X-radiographs ' 65 Tl +6 stored at UM, Miami 

R . Woodmansee Nannoplankton 24 108 +64 Portion of phytoplankton and 90 0! the 19 min. tow' 
Netplankton 24 36 +12 nannoplankton samples (see Iverson) samples were collected by 
15 min . tow samples 209-321 90/262 --- Zoople.nkton reserve samples Woodmansee, the remaining 
60 min . tow samples 19 36 +1q from Areas IV & V Ease Me.turo) 177 sere collected by Maturo. 
Preserved sea water gallon variable 69 ' --- Stored at GCRL,.Ocean Springs, M3 

L. McKinney Amphipod identification . 0 63 +63 Samples stoked-.-at Texas A&M , 
(non-P.I.) (see Kritzler) 

N. Blake Mollusc preparation 0 approx . 481 +481 Samples stored at USF, St . Pete 
(see Kritzler) 

.' 
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VI. MANAGEMENT 

A : Scientific and Management Coordinating/Advisory Committee 

A Scientific and Management Coordinating/Advisory Committee was 

established by scientists interested in participating in the MAFLA 

studies in March 1974, when it was definitely decided that a SUSIO 

Consortium approach would be taken to address the preparation of a 

point proposal in response to the BLM RFP 74-2 . The members of the 

Committee were elected by their peers and have functioned accordingly 

during the preparation of the proposal, negotiation of the contract ; 

performance of the survey, and preparation of this final report. 

The membership of the Committee is as follows : 

WafiPr ('.nljrnm Rinjnn.. " n.. . *. 
-----or ' - " -"--&b"; n. A.aauuCl ~ PJU 

Dr. Frank J . S . Maturo, Jr ., OF 

Chemistry and Analytical Dr . John A . Calder, FSU 
Quality Control : . . Dr. Frank T . Manheim, USF 

Benthic Biology : Dr. Norman Blake, USF 

Geology : Dr. Harold R . Wanless, RSMAS, UM 
\ Dr . Larry J . Doyle, USF 

Physical : Mr. Murice 0. Rinkel, SUSIO 

Data Management : Mr. John C . Sylvester (Liaison/ 
Advisory, EDS/NODC) 

Mr . Murice 0. Rinkel, SUSIO 

i 



Dr . William H . Taft, USF Budget : 

14 
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04 

State of Mississippi : 

State of Alabama: 

State of Florida : 

Dr . Robert A. Woodmansee, GCRL 

Dr . George F . Crozier, UA 

Dr . J . Z . Jones, Fla . Department 
of Administration 

Program Coordinator/Mgr. : Dr . Robert E. Smith, SUSIO 
Co-Coordinator/Mgr. : Mr . Murice 0. Rinkel, SUSIO 

* Resigned 28 March 1974 on basis of possible "conflict of interest" 

B. . Management Structure/Subcontractors 

The survey work was performed as a coordinated, point effort 

involving the participation of an interdisciplinary group of 

recognized scientists . These persons are affiliated with a cross 

section of public and private institutions and government agencies 

representing a-special focus on the MAFLA areas . 

Tlia nrocant rnntrarfi dnrmmantc fi'hP PItTPY4 mcntnl Acacio*, of t},c 
s - "--u-- -- ---' 

agreed upon program, with the responsibilities assumed by each 

individual Principal Investigator (P .I .) . Formal proposals were 

submitted to SUSIO by each P.I . via the appropriate routing within 

their respective organizations for required signatures . These 

signed proposals committed the individual scientists and their 

respective organizations to the proposed work within the time 

restraints and the fixed price contract as depicted in the contract . 

These executed proposals, in turn, constituted the basis of sub-

contracts between the P.I .'s and their institutions and SUSIO . 

C . Program Coordination/Management 

Program coordination and management for this contract were the 

responsibility of the prime contractor, the State University System 

of Florida . The Director of SUSIO was designated as the Program 
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Coordinator and Manager ; the Assistant Director of SUSIO was 

designated as Co-Program Coordinator and Manager . The Director 

and Assistant Director are the administrative officers of SUSIO 

and are responsible for implementing the objectives of the Insti-

tute to include, but not limited to, this contract . They have no 

assigned teaching responsibilities nor research commitments .per se ; 

their primary function is administrative as relates to SUSIO in 

its mission and responsibilities . 

SUSIO was responsible to : coordinate the overall sampling 

phase of the survey to assure that it was completed in the time 

frame and in the manner agreed upon in the contract ; see that the 

P .I .'s, as subcontractors, provided an appropriate flow of work 

in order to achieve all contracted services in the agreed upon 

time periods, and work with the P.I .'s, Science and Management 

Coordinating/Advisory Committee and the BLM representatives to 

achieve the prescribed end-point of the contract . However, SUSIO, 

as Program Manager, accepts the overall responsibilities of the 

completion and quality of the contracted work . In turn, it has 

exercised the authority commensurate with said responsibility . 

D . Operational Control and Ship Scheduling 

SUSIO had ultimate responsibility of all ship scheduling, 

and control over all associated ship operations ; it was responsible 

for having the survey work that was contracted for completed 

within the 60-day time limitation stated in BLM RFP 74-2 and 

subsequent Contract No . 08550-CT4-11 . To assure operational 

control of the multi-ship activities, SUSIO executed individual 

01 
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ship was scheduled to operate in specified areas, to provide 

predetermined services, each of which was begun and completed 

within a prescribed time period . If and when any vessel failed, 

for any reason, to perform her assigned tasks, or to meet the 

milestones of operation as set forth in the experimental design 

of this program, and recorded in the respective charter agreements, 

alternate fail-safe scheduling was exercised . SUSIO determined 

under what circumstances, and at what time the alternate schedules 

were to be executed . 

1 
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charter agreements with each of the ship operators identified 

herein that furnished services in support of this contract . Each 

The number of vessels, types, and the allotment of resources 

were based on the severe operational limitations imposed by the 

terms of this contract, other conditions, and "normal" circumstances . 

These factors in part were : 

1 . Less than one week's notification was given the Contractor . 

2 . Only 60 days of ship operational time were allowed before 

liquidated damages were to be imposed ; only five working 

days were given following the execution of the contract 

before the day one of the sixty was started . 

3 . Delays that would be witnessed in receiving specific pieces 

of equipment and supplies required for the ship operations ; 

these items could not legally be procured by the contractor 

prior to the execution of the contract . 

4 . Necessity of arranging scientific cruises, equipment, and 

vessel capacity to insure the best .and most accurate data 

collection . 



5 . Historical weather conditions within the area and 

experience of the investigators and agencies in 

operating the available vessels under these con-

ditions . 

In summation, as many vessels, equipment and people had to 

be procured in the shortest time frame possible to insure that the 

survey could be completed within the sixty days, accepting the 

potential delays . 

From a cost-efficiency viewpoint, where practical, sampling/ 

collecting operations were assigned to vessels and institutions 

in close proximation to the lease track areas . Not only was the 

transit time reduced, but the ship's crew, ship support facilities, 

and scientific personnel were familiar with the operational areas . 

T...rl.~ .~ a.t3 . .7J . .77 ._. .1 ~L_ _ _" 7 1 . J1! ~ ~~~ r 
a Yl Vu~.t ~ i. ""iJ ~JVlit.~ Gl11VW~.~i the aVGLilOU111Ly auu u .~iiiaa i.ivii ~i 

smaller vessels with a substantial decrease in the total operational 

costs . 

The vessels scheduled in the survey consisted of the R/V AQUARIUS 

(65 ft .), University of Alabama, Dauphin Island, Alabama (this 

vessel did not actually become involved in the survey her se ; however, 

she was readied and maintained by the operator as a back-up vessel 

for contingency support) ; R/V MISS FREEPORT (135 ft .), Flower Garden 

Ocean Research Center, Marine Biomedical Institute, University of 

Texas Medical Branch, Galveston, Texas; R/V GULF RESEARCHER (65 ft .) . 

Gulf Coast Research Laboratory, Ocean Springs, Mississippi ; R/V 
i 

TURSIOPS (65 ft .) Florida State University, Turkey Point, Florida ; 

and R/V BELLOWS (65 ft .) Gulfstream Research and Development 

131 
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Corporation, Tarpon Springs, Florida . 

To insure that adequate ships were available, each operating 

agency or institution for the research vessels blocked out a minimum 

of 60 days of shiptime for the survey . 

Ship's operations were divided into two types : water column 

collected by plankton tows and 30-liter bottles ; and benthic work 

performed by boxed core samples, bottom photography, and diving 

operations . Each of these collection requirements was divided further 

into operational patterns which allowed the concentration of the 

optimum number of highly trained professional and technical staff 

on appropriate vessels . 

E . . Navigation 

Because of'the requirement for precision navigation for the 

oenLnic oioiogicai and geological sampling, LuxaU systems, with 

operators, were leased and utilized in support of the survey . 

Appropriate units were installed on board the R/V MISS FREEPORT 

for precise station location (± 20 meters) of box coring, bottom 

photography, and dredge sampling, and on the R/V BELLOWS for 

diving operations and associated work . 

At each master bottom station a permanent cement marker was 

placed to permit . exact station identification and verification 

in the future . 

It is the consensus of the scientists participating in these 

studies that the navigational accuracy specified in the RFP 74-2 

of t 20 meters for 90% of the observations and ± 30 meters for the 

remaining 10% of the observations was not applicable for water 

column sampling . Since the water masses are known to be transient, 
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both temporally and spaciallg, it was agreed by BIM that existing 

i 
LORAN A systems were adequate for station location of water column 

work . 

Further, each of the five leased areas studied (surveyed) is in 

a distinct hydro-biological zone . These particular zones have 

essentially uniform hydro-biological characteristics, and for that 

reason any sample taken within the zone should be, in essence, a 

representative measure for virtually the entire area. Unless all 

samples/collections were to be taken simultaneously, their 

relationship within the five areas to existing transport systems, 

weather conditions, and hydro-bio-chemical interactions could not 

be properly interpreted anyway . Such synoptic measurements were 

beyond the funding and time restraints of the present contract ; 

in turn, such a program was not planned . 

F . Data Management 

A Data Management Council was established to coordinate ap- 

propriate data management and processing needs . The chairman was 

the Co-Program Manager ; the Council was comprised of members of 

scientific groups participating in the contract survey . In addition, 

there was a non-voting advisory member from the National Oceanographic 

Data Center (NODC) . Data archiving has been rigorously adherred to . 

Data flow began with the sampling/collection activites, quality 

control systems, intercalibration, and has progressed through lab 

analysis to the final report preparation . 

Pertinent data have been reduced, processed, serviced 

(corrected, analyzed, summarized and copies), and disseminated in 
10 
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considerable measure by the participants . An inventory control was 

conducted to record progress, check gaps in information, and to 

signal additional processing requirements . 

Existing data formats and software packages available through 

the various data centers of the NOAA Environmental Data Service (EDS) 

were utilized in collaboration, .where feasible . 

G . Performance Time for Sampling/Collecting 

The experimental design, and the scheduling of ships and equip- 

ment were programed so the sampling/collecting effort was to be 

completed within sixty (60) calendar days, plus five (5) working days, 

after execution of contract . However, the contract did contain, an 

Act-of-God clause, and in same it was reflected that under certain 

weather conditions and associated phenomena the environmental effects 

could be such that it would be operationally and scientifically 

impractical to collect samples during such periods . If such a 

situation had arisen, the Chief Scientists on the scene were to have 

made this known as soon as possible to the Contractor's Program 

Manager . Fortunately, the Act-of-God clause did not have to be 

exercised . 

H . Sampling/Collecting Work 

The Contractor, in collaboration with Subcontractors, was re- 

sponsible for making available all personnel and equipment 

(including ships and associated equipment and systems) necessary 

during the performance of the contract . 



r 

135 

I . Deliverable Products 

The Contractor, following the ship operations, submitted to the 

BLM an inventory of samples collected under the agreements of this 

contract, including geographic location, depth of water, date, time, 

group of collection, and any incidental observations pertinent to that 

collection . The Contractor indicated to whom such samples were sent, 

and when and how they were conveyed . 

Subsequent to the ship operations the Contractor submitted to 

the BLM ten (10) copies of the final cruise reports which included 

cruise track(s), a day-to-day summary of activities, routine meteoro-

logical and oceanographic measurements, and pertinent calculations, 

projections, tables, graphs, notes, or other graphic information 

_._ ~- -°- _ ,~���,"~~~, v~ uciiv
-- 
cu uy 1.11C 1Vl.aL1U11 Vr (;11d11L}7 

of samples taken . 

The Contractor submitted to BLM three (3) copies of monthly 

progress reports in sufficient detail to disclose and fully explain 

the subject contract work accomplished and results achieved, 

including analyses, during the reporting period . 

The Contractor submits herewith to BLM ten (10) copies of a 

comprehensive final report . This report consists of a topical 

breakdown of the relevant data and analyses accrued under this 

contract . It also contains a summary characterization of the 

differences and similarities of sampling sites including bathymetry, 

substrate characteristics, community characterization and relation-

ships where possible, and identification of the dominant floral and 

faunal elements . 



136 

- . J . Logistics of Equipment and Personnel 

00 
SUSIO, under its management responsibilities, made arrange- 

ments for transfer of scientific-and technical personnel and 

equipment to and from vessels, including reservations and/or 

ticketing, rental of vehicles, processing of per diem payments, etc . 

Similar travel arrangements and services were made for meetings 

held for proposal writing, progress reports, finalizing of the 

draft final report and meeting with BLM representatives whereby 

the consortium members were asked to give recommendations for 

consideration by BLM in preparation of the RFP for the monitoring 

work to be performed in the MAFLA and other areas . 

Details of the transporting of equipment and personnel to 

and from the vessels, and to the meetings, are covered, in part, 

~� 0~~er,Ai nrn V n» .7 VT -f U-1-1-1y RCpCrt TIC . 1 . 

K. Archiving 

Specific methods of subdivision, treatment, and conditions of 

storage for various sample materials have been dealt with under 

other sections of this report (i .e . geological cores and sub-

samples ; extracts for high molecular weight hydrocarbon analysis ; 

extracts for trace metal analysis ; etc .) . 

The intent here is to acknowledge that required archiving has 

been performed and to discuss the longer term placement of samples, 

recognizing that later environmental studies and monitoring efforts 

will generate increasing numbers of reference and/or voucher 

samples/specimens in the future . Sites for long-term archiving 

should be established and managed accordingly whereby ready access 



to the equipment listed in the Contractor's "Best and Final Offer," 
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to materials is permitted ; too, the repositories should be planned 

to have the capacity to accommodate future loads . To assure the 

integrity of the materials, it will be desirable that sites have 

documented recognition and official responsibilities for their 

respective archiving functions . 

Notwithstanding the need for long-term archiving commitments, 

at a proper time in the future, such as during the planning of the 

monitoring phase of the outer continental shelf development, : 

sample/specimen holdings should be reviewed and bulk samples be 

adjusted to quantities that will meet more important potential 

long-term needs, yet not take up valuable space . 

L . "_.Liquidated Damages 

The State University System of Florida could not accept unlimited 

liability or undeterminated liability as would have been the case 

with the RFP 74-2 "Liquidation Damages" clause as interpreted by the 

State; therefore, the Board of Regents office obtained authorization 

and, in turn, arranged to procure through the State of Florida 

Division of Purchasing, a "performance bond" in the amount of 

approximately five percent (5I) the total cost of the contract . The 

Contractor presented a performance bond in the amount of $50,000 

for the purpose of payment of liquidated damages as specified in 

RFP 74-2, Article RI, Liquidated Damages . 

M, Equipment Title Vested with Contractor 

It was understood and agreed upon by the parties that title 

dated April 29, 1974, under the paragraph entitled "Cost-Shared 

Equipment," that equipment acquired for use under their contract, 
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is vested with the contractor. (or subcontractors) as appropriate . 

0.1 The pricing of this contract was based on a 50/50 share of the costs 

of the subject listed equipment . 

N . SUSIO Support to BiX for Photographic Coverage/Documentation 
of MAFLA Survey Work - . 

In early June, .1974, SUSIO received a telephone call from BLM 

asking whether SUSIO would assist a BLM photographer/producer in 

making a public relations type film of the ongoing contract work ; 

at the same time, as a spinoff, this film could be used as docu-

mentation of the contract work. This proposed filming was not 

part of the contract ; however, it could prove to be important to 

both BIM and SUSIO and was therefore supported by SUSIO at no 

cost to BIM . 

Mr.Tarveiining . BIM. made telephone contact with Dr- Smith . 

SUSIO, on Friday, June 7th ; Mr . Tarpenning asked that he be 

assisted in hiring a camera crew for both landside and at-sea 

work, divers and associated equipment for underwater photography, 

and the chartering of a boat for offshore work . Mr . Tarpenning 

arrived in St . Petersburg on Sunday, June 9th to commence work 

on June 10th . 

Two weeks of concentrated effort was provided Mr . Tarpenning 

by SUSIO and Principal Investigators of the SUSIO Consortium in 

support of the BLM photographic documentation of the contract work . 

Additional professional divers, cameramen, equipment, and vessels 

were provided ; a substantial amount of these at no cost to BLM, as 

professional favors to SUSIO during this operation. 

i 
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0 . Meeting of SUSIO Consortium Participants and BLM Representatives 
for Detailed Discussions of Present MAFIA Survey and Future 

. Monitoring Program 

During a meeting on July 30, 1974, of the Science Advisory and 

Management Group of the SUSIO Consortium and BLM representatives, BLM 

expressed an interest in having a meeting in early September, 1974, 

whereby all Principal Investigators of this contract would meet to 

present to BLM a detailed verbal status report and in-depth discussion 

of same as appropriate . 

The meeting was held in SL . Petersburg as proposed ; the Principal 

Investigators convened September 3rd for a planning session . and held 

the status report and discussion session with BIM representatives on 

the 4th and 5th . 

In addition to the verbal presentations made by the Principal 

Investigators, outlines of recommended projects in water column, 

benthic biology, geology, geochemistry, and chemical oceanography 

were prepared in hard-copy by the SUSIO group for BLM's consideration 

as information for future planning purposes . Follow-up letters 

with additional information were mailed directly to BLM subsequent 

to the meeting . 

The Principal Investigators of the SUSIO Consortium convened 

in St . Petersburg again January 22-24, 1975, to address the 

preparation of the first draft of this final report . During this 

work session, BLM representatives were present and the consortium 

members were asked to give their professional recommendations with 

regard to specifications that might be considered by BLM in the 

preparation of the RFP for the monitoring of the MAFLA and other 

i 



Mr . Linus J . Brown, Jr ., Contracting Officer 
Bureau of Land Management 
U . S . Department of the Interior 
18th & C Streets, N .W . 
Washington, D .C . 20240 

140 

areas . Subsequent to this session a number of the P .I .'s of the 

01 consortium participated in a BLM OCS Interagency Management Board 

work session held in Washington, D .C ., January 27-29, 1975, to 

further discuss the specifics to be considered by BLM for incorpora- 

tion into the upcoming MAFIA Monitoring RFP . 

P. Authorized BLM Representatives 

During the period of this contract, the SUSIO Consortium has had 

the opportunity of working with the following individuals in their 

respective capacities as cited : 

Mr . William E. Hamm, Contracting Officer . 
Bureau of Land Management 
U. S . Department of the Interior 
Branch of Procurement (552) 
Room 2452, 18th & C Streets, N .W . 
. .r------o----~ -- -- --- 

Mr . Terry Nichols, Contracting Officer 
Bureau of Land Management 
U . S . Department of the Interior 
18th & C Streets, N .W . 
Washington, D .C . 20240 

Mr . Vernon F. Ehlerding, Contracting Officer 
Bureau of Land Management 
U . S . Department of the Interior 
18th & C Streets, N .W . 
Washington, D .C . 20240 
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Dr . Francis C. Monastero 
Contracting Officer's Authorized Representative 
Bureau of Land Management 
U. S . Department of the Interior 
Division of Marine Minerals (732) 
18th & C Streets N.W . 
Washington, D.C . 20240 

Mr . Charles J. Guice, Government Inspector 
Outer Continental Shelf Office 
U. S . Department of the Interior 
Bureau of Land Management 
Suite 3200 The Plaza Tower 
1001 Howard Avenue 
New Orleans, LA 70113 

Mr . Douglas A. Lipka, Government Inspector 
Outer Continental Shelf Office 
U. S . Department of the Interior 
Bureau of Land Management 
Suite 3200 The Plaza Tower 
1001 Howard Avenue 
New Orleans, LA 70113 
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VII. SUMMARY OF SCIENTIFIC RESULTS 

Pursuant to a meeting in Washington, D . C . between the 

Program Manager and representatives of BIM at the time of "hand" 

delivery of the Draft Final Report, by mutual agreement it was 

decided that the Final Report should be reduced in size from the 

five (5) volume set consisting of approximately two thousand (2000) 

pages per set to a more manageable summary document . 

This summary document is to provide for easier access, than 

was the case in the more detailed draft final report, to the 

scientific results, the nature of the study plan and the sampling 

scheme and subsequent analysis, particularly methodology and cali- 

bration. The volume, while summarizing the entire study and 

results, . is to also serve as a readable briefing document for non-

scientists and decision-makers, as well as a directory for the 

specific investigators and topical portions of the five (5) volume 

Draft Final Report . 

In order to prepare the final summary document within the 

time frame as required in the contract, the Program Manager asked 

Dr . Frank T . Manheim, a member of the MAFIA SURVEY Science and 

Management Coordinating/Advisory Committee representing Chemistry 

and Analytical Quality Control, to assist in the preparation by 

writing a summary of scientific results per se . Dr . Manheim was 

asked to prepare the summary of scientific results, Section VII, 

based on his interpretation of the work statements presented in 

the RFP 74-2 and in the resulting SUSIO Consortium contract . 
i 
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Special emphasis was placed on the need of preliminary areal char- 

acterizations based on survey results . These are noted in Section , 

E . Item 5 D of the contract . Of particular interest are communit~~. . ..~ ..~~' 

characterizations and relationships . Some limited amount of cross-

disciplinary integration was agreed upon as necessary to produce 

general characterizations of the areas and the important hydro-

dynamic and hydrobiologic processes occurring in each area . 

Dr . Manheim accepted the request and diligently applied him- 

self to the task at hand . Based on information he had derived 

from discussions in the SUSIO Consortium meetings, review of the 

various reports that had resulted from this contracted survey work, 

reading of the individual final reports of each of the principal 

investigators (subcontractors) as presented in the Draft Final 

v1 iltt, L;V11Cd' UC' ' 

and drawing on his own professional judgment, experiences in the 

subject area, and considered opinions, he has prepared the summary 

of scientific results of the MAFIA SURVEY that follows . As stated, 

the summary is his report and does not necessarily represent the 

views, interpretations of certain data and/or conclusions on same 

of the principal investigators (subcontractors) who have been 

involved in this contracted survey ; in fact, the summary should be 

accepted by the reader as a preliminary review (summary) due to 

the time limitations imposed . Furthermore, the summary presented 

herein does not necessarily have the concurrence of the afore-

mentioned principal investigators (subcontractors) since, unfor-

tunately, time did not permit their individual reviews and 

' responses accordingly . 
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For sources of detailed information and/or data that have 

resulted from the subject contract, the reader is provided the 

following list of titles of final reports, with names of principal 

investigators (subcontractors) accompanied by numbers of pages of 

text, tables, figures and appendices in same . In the meantime, 

a preliminary summary of scientific results of the survey, as 

discussed, is presented for the reader's general information 

and/or consideration .as prepared by Dr . Manheim . 

r 
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have been prepared in such a way, as to allow more concise summary, the 

amount and scope of the original work is not necessarily correlative with 

the material represented here . Nevertheless, I hope that this overview 

will provide a guide to the nature and extent of the full contributions . 

These are referred to by the chief investigator's name s) (without data) 

and are listed on the preceding pages . . 

Much of the data provided ?.r the report will be entered into NODC 

and other computer banks and will be available to future investigators in 

this form. In addition, however, it would be a great advantage if the 
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SUMMARYV OF SCIENTIFIC RESULTS as prepared by Dr . F. T. Manheim. 

A. . Introduction 

This treatment will attempt to provide a descriptive synopsis of 

the extensive data presented by some 32 principal investigators, manage-

ment staff and other personnel who have contributed to the first MAFLA 

survey. It will be evident that few persons could be sufficiently con-

versant with the great range of subject matter dealt with in this study 

to provide .a truly critical synthesis of the work, even had time permitted 

such an effort. In attempting to strike a balance between presenting as 

much cogent data as possible, while limiting the bulk of this summary, 

difficult choices had 'to be made and it was possible to utilize only a 

small portion of the 14-inch plus stack of documents . Many summary tables 

and some figures have been drawn from the contributions themselves ; others 

have been prepared or augmented from the data . I have not hesitated to 

draw inferences and conclusions where these appear to be appropriate, 

while attempting to stay within the scope of this survey . 

Owing to the fact that some treatments lend themselves better, or 
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entire report were placed on microfiche cards or other convenient ref-

erence form so that not only the raw data themselves but the tabulations 

as prepared by the individual authors (with notes and ancillary 

commentary), as well as the text and in-depth evaluations, could be 

made readily and inexpensively available to future investigators . 

In preparing this report, I have received invaluable assistance by 

the SUSIO staff, especially P . Blizzard . Comments by most of the principal 

investigators during a recent meeting in St . Petersburg, and P. Yevich 

were helpful to put the work in perspective . Valuable assistance was 

provided by T. E . Pyle and L. J. Doyle . I am grateful to M. Bach and W. 

Jorgenson for their efforts with the manuscript and to Ose Manheim for 

preparing photographs from negatives kindly provided by T . E . Pyle . 
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01 B . Environmental Setting 

The SUSIO Consortium's baseline survey is directed and largely 

restricted to five discrete lease tracts in the MAFLA* shelf areas of 

the eastern Gulf of Mexico, extending from approximately 89°W, south of 

Pascagoula, Mississippi, to a tract west of Cleaxwa.ter, off Tampa Bay, 

Florida (Fig . 1) . Although it is not possible to deal with these tracts 

as a continuum, they intercept mayor changes in environmental habitat . 

Near the Mississippi Delta, silt-clay, turbid bottoms having low benthic 

productivity occur . Eastward toward peninsular Florida a transition occurs 

to a carbonate substrate, more transparent waters, and significant benthic 

productivity . One high relief area, the Middle Ground, on the outer 

shelf roughly midway between St . Petersburg and Apalachicola, Florida, 

represents a unique hermatypic coral reef environment whose associated 

flora and fauna are displaced far north of their usual limits . It is 

also a major fishing resource for the northwestern Gulf . Drowned algel 

reefs have been reported at the edge of the continental shelf south of 

Mobile Bay. Although topographic and lithologic data are sketchy, other 

lesser patches of relief and living coral occur on the limestone shelf 

south of 29°N and provide shelter and habitat for significant bottom 

populations . These have a still poorly understood significance for fish 

populations, including tropical species not found in the northwestern 

Gulf of Mexico . 

Facing the lease tracts V, IV, and to some extent III, are a series 

of offshore barrier bars and islands with sandy beaches on their seaward 
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sides, and silt-mud and tidal marshes on their bay sides . Off tracts 

II and I are beds of seagrasses and algae that form a productive element 

challenging or exceeding phytoplankton productivity in the region . At 

the shore zone itself fine quartz sand beaches alternate with mangrove 

vegetation that serves to protect shorelines from storm erosion, and 

provides shelter and organic matter for fish, invertebrate marine and 

other marine organisms and their food chain elements . The west Florida 

shelf as a whole is one of the least investigated shelf areas around the 

U. S . continental margin. Nevertheless, it is known to contain many 

elements of unusual character. One of these is the Tortugas banks, which 

form perhaps the most prolific shrimping grounds in the Gulf of Mexico . 

A band of the inner-central shelf is both the site of recurring outbreaks 

of red tide (blooms of the toxic dinoflagellate, Gymnodinium breve ) and 

a well-developed drowned karst zone . Submarine discharge is known in 

this area, the best-known of the occurrences being "Mudhole Spring," 

10 miles off Sanibel Island, near Charlotte Harbor and Ft . N~yers, Florida . 

The warm (970 F) character of its discharge indicates that the water is 

issuing from considerable depth, and provides an indication that the 

frequently cavernous and possibly fault-related hydrologic pathways that 

characterize the upper 1000 m and sometimes deeper strata in southwest-

central Florida extend offshore . 

One of the keys to the clarity of the Florida shelf waters south of 

about 29°N, which plays a role in benthic productivity, is the relative 

paucity of clay minerals in bottom sediments . The carbonate-rich bottoms 

that extend beyond an inner sand belt to the shelf edge have relatively 

coarse sediments that are not easily transported long distances under normal 

conditions . Owing to the generally favorable climate, the attractiveness 
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--of the coastline and good fishing, the eastern Gulf shore south of Tarpon 

Springs has an exceptionally strong tourist industry . Sports fishing 

follows closely after construction as an economic base of the region, 

leading commercial fishing by a factor of about 15 to one in terms of 

dollar value . Although no breakdown is currently available for the west 

coast of Florida and eastern Gulf States, the total value of the sports 

fisheries for Florida have recently been estimated by the Florida Coastal 

Coordinating Council (M . Stursa, personal communication) at about $x+80 

million per year . 

Existing pollutants in the offshore land area axe an important 

consideration, for in order to make meaningful use of baseline surveys on 

the shelves one must quantify contaminant levels, as well as be able to 

distinguish their origin, if possible . Significant inputs of pollutants 

of both hydrocarbons and heavy metals and vesticides were notPd from a 

number of estuaries, bays and other areas in the Escarosa study (1973), 

notably Mobile, Escambia and Choctawhatchee Bays, and phosphate wastes, 

other industrial effluents and sewage waste inputs still occur in 

Tampa Bay, though at reduced levels . Hydrocarbons in selected barrier 

bar sediments have been investigated in work in preparation (Palacas, 1975) " 

In the investigated cases, the traceable pollutants (chiefly in sediments) 

do not extend far offshore . One mush not overlook the enormous volume 

of sediments from the Mississippi River, which contain significant though 

still relatively sparsely documented pollutants, and are intermittently 

swept far eastward under special current conditions . 

A fact that affects both faunal and floral character in the eastern 

Gulf of Mexico is the exceptionally irregular nature of current patterns, 

notably the Loop current, which surges into the Gulf during the late summer-r 
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winter period. Waxen Caribbean surface waters in some years extend as far 

northward as the Mississippi Delta before losing coherence . Loop waters 

i have been observed to impinge on the shelf as far landward as the Anclote 

(Tarpon Springs) estuary . When such loop masses meet flood conditions in 

the Mississippi River, special entrainment and water movement patterns 

have caused transport of freshened waters having a salinity as low as 

22 °/oo (compared to normal Gulf waters having 35+ °/oo, and 36 .5 °/oo 

and upward for Loop current incursions) southward along the shelf . Such-

freshened-water masses may contain river-related turbidity and trash and 

have been observed during 1973 to round the Florida straits and travel 

northward along the east coast of Florida to Georgia and South Carolina 

offshore (Wallace, 1975 ; Atkinson and Wallace, 1975) " 

Only a few physical oceanographic features will be included in this 

report since an extensive data search and summary is being presented 

parallel with this report . 

Although substantial literature is available in scattered sources on 

the area in question, many facets are known only in a sketchy or frag-

mentary way. The existing data are summarized in two useful compendia . 

Jones et al . (1973) present an encyclopedic summary of information on 

the eastern Gulf of Mexico . McNulty et al . (1972) provide an overall 

survey of the coasts and estuaries along the western margin of Florida, 

as the first in a proposed 4-volume series . 

C . Objectives of Study 

One of the chief objectives of the study, as mandated by the Bureau 

of Land Management, was to complete sampling of waters, sediments and 

organisms on the leased tracts before arrival of drilling rigs in mid- 
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hydrocarbons in various forms along an extended traverse with stations 

concentrating on the lease sites . 

The chief strategy of the bottom survey was to employ a relatively 

limited number of master stations (65) with sufficient subsamples (10 at 

each master station) to obtain a statistically significant evaluation of 

the existing benthic community . All box cores utilized for this work 

were to be sieved and sorted for basic organism groups, whereas only a 
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summer of 197 " Scientific targets include the following chief elements . 

Water column measurements were to include elements of zoo-and pY~yto- 

plankton, neuston, basic water properties, nutrients, trace metals, and 

few organism groups, polychaete worms, .micromolluscs, and foraminifera 

were to be determined quantitatively at the species level . Selected in-

vertebrates were t6 be sectioned, stained and analyzed histopathologically . 

CLUt6Iyn'Cb rue =Qre sensitiive tnan measure of population changes to 

impact of pollutants, since influences on specific organs (tumors and 

necrosis, etc .) may be detected before pollutant levels affecting survival 

are reached. The remainder of the materials were to be archived as bench-

mark materials permitting comparison with other seasonal surveys, and in 

particular, surveys after possible future hydrocarbon discovery and prod-

uction on the shelf . Where cores were not possible owing to hard substrates, 

investigation and documenting of surficial flora and fauna and sediment type 

was to be performed by divers, dredging, and bottom photography, both by 

diver and by remote camera . A11 locations for benthic surveys were stip-

ulated to be fixed by state-of-the-art, precision systems (Raydist) . 

Especial attention was to be given to the Middle Ground and Clearwater 

areas, where bottom flora and fauna are highly developed, and bottom visibility 

is good. 
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In addition, description and analysis of basic properties of sediments 

(carbonate content, grain size, clay mineralogy, petrographic description), 

carbonate skeletal and organism remains from areas I, II, and III were to 

be described and categorized by statistical and graphic methods as pro-

viding longer-term clues to bottom habitats . All these measurements were 

to be performed on one box core from the 10 at each master station . 

A perhaps unprecedentedly intensive study of chemical properties of 

sediments, waters and organisms was performed . Cadmium, copper, and lead 

were analyzed to provide a base for evaluating potential toxic pollutants . 

Barium, used as a weighting material, (as barium sulfate) in drilling muds, 

was included to provide a tracer for drilling mud; nickel and vanadium con-

eentrations are high in crude oils and hence serve as inorganic (trace) 

indicators of petroleum residues where the organic fraction has been par- 

tially or wholly dissipated by leaching or microbial attack . Iron and , 

chromium may be included in drilling mud additives and also serve as control 

elements for evaluating levels of other constituents . These metals were 

studied in bottom sediments (master stations), selected bottom organisms 

and waters, suspended matter, and zooplankton . 

Heavy (extractable) hydrocarbons were analyzed by gas chromatography in 

waters, sediments, benthic organisms and zooplankton, and particulate matter 

in the water column . A11 of these measurements were performed to establish 

baseline levels of hydrocarbons in the pertinent phases . It is realized 

that sediments, bottom organisms, zooplankton, and finally water and par-

ticulate matter in the water column have successively shorter residence 

times in the environment in question . However, to the extent that the 

short range phenomena can be related to typical water mass structures, 
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productivity, physico-chemical interrelations, or influence on more per-

manent phases, their chemical properties were held to have significance 

worth evaluating . Light hydrocarbons (C1 - C5) were determined on bottom, 

intermediate and surface waters to attempt to detect natural hydrocarbon 

seeps or other emanations from the sea floor, or evidence of pre-existing 

pollutants . 

Measurements of ATP (Adenosine triphosphate) were performed on the 

water column and sediments . It serves as a measure of living microbial 

activity, and protoplasmic biomass (including foraminifera and other 

micro-fauna) which may have implications for general metabolic activity, 

including the rate at which hydrocarbons may be degraded by natural 

processes . 

Careful attention was paid to intercalibration and other checks on 

require state-of-the-art technique or are otherwise critical, such as 

hydrocarbons . Baseline values of key parameters are useful only insofar 

as their accuracy and freedom from excessive error occasioned by sampling 

and handling procedures can be assured . The level of analytical and 

manipulative variability must be determined to separate it from natural 

variability . Checks were performed both by the chief investigators, and 

outside laboratories chosen by the Bureau of Land Management . 

Finally, it was recognized that single occupations of stations do 

not, for many parameters (especially faunal and floral) constitute 

adequate baseline information . Though not included in the current 

program, it was understood that reoccupation of stations and resurvey 

of parameters would form an element of future continuation studies . 
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D. Geologieal :5ubstrate :Characterization 

l . Lithology 

Mayor geological parameters axe shown in Table 1 (from Doyle et al .) . 

These indicate the following general features . Areas I and II axe dom-

inated by carbonate, the greater part being present in sand and silt-

size skeletal debris . Clay size matter (c,004 mm) is less than 

10%, often below k% . This paucity of clay-sized materials accounts in 

part for the clarity of the water, since particulate matter, once stirred 

by currents, will normally settle out quickly . 

These sites include a great variety of carbonate skeletal matter, 

described in detail by Warless and Dravies . The dominant carbonate 

organisms contributing to skeletal debris over these areas, as well as 

area III are mo.lluscan shells, followed by foraminifera, bryozoa and echi-

noids,and.worm encrustations and remains, with the exception of the high-

relief areas of the Middle Ground. These areas contain large accumulations 

of coral-a1ga1 debris, derived from breakdown of reef products . Cal-

careous algae typically encrust ridge prominences . The carbonate studies 

were not performed in areas IV and V. 

A sample of the skeletal description is given in Fig . 2 for station 

37, in area III (Warless and Dravies) . The diagram shows that in the 

greater than 2000u fraction more than 70% of fragments are of molluscan 

origin, the remaining material being about 15% bryozoans and 10% coralline 

algae . Benthic foraminifera reach their greatest extent in the 500-1000u 

fraction . In general, sizes over 250u were almost exclusively carbonate . 

An interesting petrographic observation relates to finding that weather- 

ing and biocorrosion of skeletal particles signifies appreciable reworking 

and exposure of materials and attack of particles on exposed surfaces . This 



Clearwater were frequently characterized by clear, uncorroded grains . 
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was marked in the Middle Ground area . In contrast, rippled bottoms off 

r 
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Table l . Chief geological parameters of bottom (box core) sediments (from Doyle 
et al.) Clays are defined as < .004 mm ; silt is 0,004 - .63 mm ; sand is 
T6-5- 2 ate ; coarse fraction is >2 ate . Site data based on sieve and 

_- __pipette analysis . 
Coarse 

Depth Prac . Sand Silt Clay C02(%) 
3ta. (m) (°d) -(%) (%) ('d) as CaC03 Lithologic description 

Area I 

55A 44 1 .0 38 55 6 .1 86 Coarse calcareous sand, shell hash, coral ; 
calcareous silt, inhomogen . substations . 

56A 37 .1 62 31 6 .5 $3 Calcareous silt and sand with shell 
fragments 

57A 38 .7 69 28 2 .3 87 Fine calcareous sand, shell fragments, 
grass and reddish branchlets mud burrow 

58A 43 - - - - high fiery coarse carbonate rubble sponge 

04 

591 35 - - - - high Carbonate bedrock ; no sample 

60A 31 .3 62 34 3 .7 82 Calcareous sand and silt ; sparse shell 
grass ; black particles 

61A 33 .8 62 33 3.8 73 Calcareous sand and mud, grass tubes 

' 62A 34 1 .5 92 2.5 3.4 89 Very coarse calcareous sand and rubble, 
pink coral and black particles 

63A 30 1.0 46 45 9 .3 75 Calcareous sandy silt ; shell and black 
particles 

(,1ie 7n ~ CM IBS h ~ R1~ rr.,,i ..+ .,a r; ., ..i .. .,a .,a ;,+ . 
shell and black particles, mud tubes 

65A 42 .1 57 40 2.1 80 Fine-medium calcareous sand 

Area II 

42A 37 9 .7 67 18.6 4.4 82 Calcareous sand and fine silt, small shells ; 
debris-filled burrows 

43A 45 - - - - high Coarse shell and carbonate rock rubble 

44A 53 4 " 3 92 3.3 82 Very coarse calc .and shell rubble, black 
material and grass tubes 

45A 44 1.4 85 8 .1 5 .3 73 Calcareous sand with high percent black 
material 

46A 37 1.9 86 10 2 .3 52 Fine-medium calcareous sand 

47A 36 12 $5 2 .9 93 Shell hash with worm holes, sponges and 
seaweed, algae 

k8A 40 1 .7 63 34 2.0 82 Calcareous sand with shell and black 
particles 

49A 42 - - - - high Top surface clay ; Fine to coarse sand of 
carbonate material with black particles 

SOA 48 1.4 91 7.3 77 " k Coarse calcareous sand and rubble, grass 
fragments ; layered 

511 27 - - - - high 

52A 54 3 " k 49 k0 .9 6 .2 87 Fine calcareous mud with shell and black 
particles 

53A 37 1.8 62 13.2 1 .4 88 Medium-coarse calcareous sand with 2 cm 
fine carbonate on top with shell hash, 
worm burrows 

54A 34 - - - - - 
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Table 1 . Continued . 

Coarse 
Depth Frac . Sand Silt Clay C02 (~) 

Sta. (m) f~) (~) ~~) (~) as CaC03 bithologic description 

Area III 

21A 51 9 .1 58 31 1.7 76 Calcareous sand, coarse 

22A 82 7 .6 74 16 3.1 83 Calcareous sand, v. coarse, shell debris 

23A 61+ .2 36 59 5 .1 63 Sandy, calcareous mud, tubes on stirface 

24A 64 .2 27 67 5 .7 68 Fine carbonate mud, burrowed 

25A 80 .3 40 51 9 .1 73 Sandy carbonate mud 

26A 57 2 .0 73 18 7 .0 56 Medium calcareous sand with appreciable 
quartz silt 

27C 68 .2 34 45 21 67 Sandy carbonate mud with quartz 

28A 66 7.1 89 3.2 82 Silt and clay, coarse calcareous sand 

90A lid, l .7 R(1 l? A .1 A S f'alrarPrniG canA . fina_marlinm wi+.h cnma 
quartz admixture 

30A 48 2 .4 93 4 .1 76 Well-sorted calcareous sand -shell 
hash with quartz 

37.A 41 5~9 89 4.5 85 Coarse calcareous sand-shell hash 

32C 42 - - - , - - Coarse calcareous sand-shell hash 

33A 69 15 80 5.2 80 Layered coarse calcareous sand-shell hash 

34A 35 39 59 1 .9 80 Coarse shell hash and calcareous algae 

35A 36 3.0 94 2 .6 70 Coarse calcareous sand-shell hash with 
quartz sand-clay admixture of calcareous 
red algae 

36A k0 4 .3 93 2 .5 57 Shell hash in cone-shaped holes ; calc . 
algae 

37A 40 9 " 4 87 3.8 65 Coarse calcareous sand with shell hash 

38A 38 6 .1 83 5 .9 4 " 7 62 Graded (inverse) calcareous sand, shell 
fragments, polychaete tubes 

` . 39A 36 3.1 93 3.3 24 Coarse calcareous sand with larger 
fragments 

40A 36 14.9 83 1 .7 34 Coarse quartz sand with carbonate fragments 

41A 31 .4 94 4.5 1 .0 14 .2 Medium quartz sand with shell hash, some 
calcareous algae 
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Table 1 . Continued . 

Coarse 
Depth Frac . Sand -Silt Clay C02(i3) 

$ta . {m) (%) (%) ~%) ~%) as CaC03 Lithologic description 

Area IV 

11A 35 4.1 96 2 13 Brown medium-coarse sa nd, lower layers 
include shell hash 

12A 36 17 78 3 .6 34 Coarse sand and abundant shell frags 

13A 35 .5 97 1.9 3.2 Fine-medium, well-sorted sand . 

14A 35 ~9 97 2 .1 4 .9 " . " 

15A 45 .1 96 3.4 6.9 Medium sand, sparse shell debris 

16A 36 .3 97 1.9 3.5 Fine sand, well sorted, sparse shell 
darker bioturbated (?) zones 

17A 66 11 85 3.7 84 V. coarse, calc, sand, some quartz sand. 

18A 82 8.0 85 7.2 84 V . coarse,quartz*calc, sand, mud-
filled burrows ; sds . .well-rounded 

19A 82 9 .2 72 5 .8 3 .3 45 V. coarse quartz sand and calc, sand 
occ . muddy inclusions . 

20A 85 2 .9 91 5.7 R? "- :. :.~ :. . .. ...~. - . . u~ ~Vl+u tiuVCa Vll 

surface only. 

1A 

~2A 

3A 

kA 

5A 

6a 

7A 

8A 
9A 
10A 
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Area V 

13 .2 12 53 35 7.4 

24 2 14 47 33 18 

29 .1 20 51 28 16 

29 <.1 12 73 15 16 

31 .1 25 58 17 19 

29 1.4 61 25 12 19 

32 .6 31 20 .2 9 .0 17 

24 .6 89 5 .0 5 .1 8 .0 
31 2 .1 74 6 .6 5 .6 14 
35 2.2 43 11 2 .7 21 

Soft clayey silt (quartz), minor shell, 
burrowed 
Soft clayey silt (quartz) with shell, 
burrowed near top 
Soft brush. gray clayey silt, streaked 
with black material and sand, burrowed 
Clayey shel],y silt with black organic 
matter and sand streaks, burrowed 
Brownish silty clay, black streaks 
and burrows 
Brownish silty sand with appreciable 
clay; burrows and shells 
Fine silty sand, clayey, shelly 
surface burrow only 
Fine gray sand, trails and tubes on top . 
Med-fine gray sand, shelly 
Varicolored sand, shelly, some burrows 

quartz . = quartzose 

0 1 
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figure 2, -Graphic display of skeletal particle 
00 distribution, Area III, Station 37 

Wanless and Dravies) . 
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In area III carbonate is still predominant, but larger quantities of 

quartz silt and sand occur, especially in the northeastern part of the area . 

The petrographic studies in some cases also shed light on the degree of 

dispersal of organism remains by currents after death . For example, 

Fig . 3 (redrawn from data of Warless and Dravies) reveals that the coarser 

echinoid fragments were deposited in a pattern transverse to depth contours 

in area III . As finer (and more transportable) sizes axe reached, the 

pattern shifts to a longshore or contour-parallel pattern. Such patterns 

are useful since they place in perspective integrated accumulations of 

organisms over a longer period of time, in contrast to the variable occur-

rence that may be present for any samplings of live materials . However, 

such studies are complicated by the fact that it is not always possible to 

ascertain the time period over which the accumulations have occurred . 

tu-ed iv scows a marred change in lithologic type . The area is divided 

into a southeastern carbonate facies similar to that of area III, and a 

northwestern quartz sand facies with limited clay and silt . This area is 

clearly affected by detrital material from the Mississippi River, and begins 

to show significant increases in bottom turbidity (see photograph, Fig . 4g, 

following section), and suspended matter (data of Betzer) . Some of the 

coarser carbonate deposits show evidences of worm borings in the upper 

portions of the sediment, whereas the quartz sand sediments tend to be 

bored to greater depth . 

Area V is dominated by silts and sands, with appreciable clays . 

Black streaks, presumably of organic matter,are common, as is extensive 

worm burrowing . In spite of this, the organic carbon content is surprisingly 

low, as given in Table 2 . 
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Figure 3- Distribution of echinoid fragments in 
sand fractions (Warless & Dravies) 

.Area . TIT 
Eehinoid fragments in sand fraction 
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Table 2 . Carbonate and organic carbon content in dry sediments, 
by area . From Lytle and Lytle, except as noted . 

Lease area or (%)1 C03 as CaC03(~) 

z 3.6o 86 .4 

II 2 .08 85 .9 

III 1 .42 71 .0 

IV 0 .77 56 .x+ 

V 0 .58 15 .5 2 

1. On carbonate-free basis . 
2 . From Doyle, et a1 . 

Clay minerals are shown in Table 3 (Huang) . These data are in agree-

ment with clay mineral assemblages reported from bottom sediments and 

:juSpCCiuCU luai.i.er in the nortineastiern Utur or- Mexico (Urit'2'in, 1962 ; 

Manheim et a1 ., 1972) " A montmorillonite-kaolinite suite is being 

contributed by the Mississippi River . Toward the Apalachicola River 

kaolinite dominance increases, whereas southward (areas I and II) mont-

morillonite virtually disappears in favor of kaolinite, with subsidiary 

concentrations of chlorite and illite . 

One should bear in mind that in the latter areas these minerals do 

not make up a significant proportion of the bulk sediment, since the sili-

cate clay fraction is very small . However, these data are useful both to 

identify sources of mineral detritus and establish baseline concentrations 

for the sediment . For example, discharged drilling muds in quantities of 

a few to 30 tons per deep hole, should these not be retained at the drill 

site and dumped elsewhere, will probably have little significance for 

clay-rich areas such as V, and might be very . 
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Table 3 . Clay minerals as a per cent of total clay mineral fraction. 
Range shown excludes a few fringe or aberrant values (from 
Huang ) . . 

Montmorillonite Chlorite Illite Kaolinite 

I Trace-6 21-33 3-10 56-72 

II Trace-10 13-30 6-16 60-75 

111 15-28 10-19 5-12 50-76 

IV 50-81 Trace 10-20 16-45 

V 66-87 Trace-3 5- 7 50-76 

" . . iKi 



master stations between 16 May and 20 June, in conjunction with box coring . 

Model 200 camera and Model 210A 100 wsec An EG&G, Incorporated 

167 

difficult to detect . In areas I and II, on the other hand, the mont-

morillonite-rich drilling muds would contrast sharply with local bottoms 

and might be readily detected. It was earlier feared that drilling mud 

might be an ecological hazard in the delicate Middle Ground reef sites . 

Although no documentation on this question is apparently available as yet, 

on site observations during drilling on area II have as yet not noted 

significant accumulations of mud or deleterious effects on local organisms 

(D . Beaumariage, personal communication) . 

Strength of sediments (vane-shear measurements) as determined on the 

box-cored samples by shipboard geologists (students of W. R . Bryant con-

tributing to studies of Doyle) . These data vary greatly from minimal strength to 

over 1800 lb/ft2 . The highest rigidities were observed in shell rubble, 

which also presented difficulties in penetrating core with the vane . The 

lowest strengths were reported in area. 7 (a fA*.* +on ~ +~ ~ f~._ rvv ~ ~~ + - t ~r~2 ~ 

with remaining areas fluctuating widely in the hundreds of lb/ft2 . It 

is evident that poor sorting, especially box-like frameworks of coarse 

skeletal debris, mixed with finer sediment, contributes to sediment 

rigidity, whereas relatively homogeneous, finer silts and carbonate muds 

are minimally rigid . 

2. . ' Remote bottom photograph (Pyle and McCarthy) 

65 remote bottom photography stations were occupied at each of the 

strobe were triggered by a lead weight connected to a tilt switch . The 

distance from bottom was about 2m, giving bottom coverage of about 2 .52. 

A total of 648 exposures (615 black and white and 33 color) are available 

in 35 mm format, and have been rated in terms of photographic visual 
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quality . Nearly all "C" (poor) negatives (92%) came from area V, and 

appear to be due to "nepheloid" layers or turbidity near bottom. Divers 

on R/V BELLOWS reported only a few cm visibility near bottom, and zero 

visibility after diver perturbation . According to suspended matter-

Secchi disk plots in Manheim et al . (1972), such conditions imply parti-

culate concentrations upwards of 100 mg/1 . In the remainder of the areas, 

photographic quality is generally good . 

Though the contract called only for archiving of negative materials, 

a few samples of bottom photo coverage for the lease tracts are offered 

here to reveal some of the significant features in the areas (Fig. 4 a-g) . 

The marked change in visibility conditions on moving from area V to 

IV and III are observable in Figs . 4g-e . Borings of the kind depicted 

in many of the photographs were found filled with shell hash in some box 

cores . Evidences of fish and tracks and trails were abundant . 

Although a dramatic increase in benthic fauna and flora is depicted 

in Site 51, on the Middle Ground, it must be 

remembered that this area was also subject to rapid changes in substrate, 

with bottom types more resembling those of areas I and III 

occurring in patches of lower relief . Except in the poor visibility areas, 

evidences of boring and reworking were ubiquitous in the photographs, cor-

responding with observations on the cores, and the findings of the poly-

chaete and other .specia.lists . 
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Figure 4 . Bottom photographs (Pyle) . See text for .explanations . 

All photographs, except 4f, depict approximately 2 .5 

of bottom. 

a . Area I . Station 56 . 

b. Area I . Station 57 " 

c . Area II . Station 51 . 

d . Area III . Station 32 . 

e . Area III . Station 27. 

f . Area IV . Station 12B . 

Area V . Station 10 . 



Figure 4a. Areal. Station 56. 
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Figure 4f. Area N. Station 12B . 
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Figure 4g. Area V. Station 10 . 
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1.'" Sa~pling : strategy arid'2:oss biomass 
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.E . .' Berithie Populations 

The prime focus of the benthic studies was to obtain material that 

would characterize bottom populations in and around the lease tracts in 

a statistically valid way. Past experience has shown that, in many 

areas, this is best achieved by combining the information from a larger 

number of subsamples rather than by sorting and counting an equivalent 

mass of material from a single large sample . Empirically, studies of 

N. J . Blake have shown that 10 box cores of the size utilized in this 

work (21.5 x 30 .5 cm) yield the bulk of recoverable species for a variety 

of benthic invertebrates, in terms of the flattening out of a plot of 

total species against sample area (see figures in polychaete section) . 

Box coring has been taken as the method of choice in soft bottoms, 

since it provides a reliable sample with good preservation o£ the criti-

cal uppermost layers of the sediment, adequate volume to provide sub-

samples for the many types of investigations, and adequate area to accom-

modate larger organism forms . For hard bottoms, a combination of quadrat 

measurements and annotations, photography and samplings by divers, and 

Capetown dredging was employed to describe epifauna and flora . The latter 

were called upon when successive tries with the box corer failed to yield 

significant sediment, and also to cover certain critical areas such as the 

Middle Ground where epifauna was luxuriant . 

The chief bioma.ss sorting utilized eight box core contents less a 

small amount of subcore removed . The top 15 cm (approx . 9 1.) were sieved, 

when penetration was sufficient, through a .5 mm nylon monofilament 

bolting cloth, and retained materials were placed in bags, narcotized 

-in 15% 1Kg504 in sea water to relax organisms, then transferred to drums 



(see Kritzler), macro-infauna were separated into five major taxonomic 

categories - molluscs, arthropods, echinoderms, polychaetes and miscel-

laneous . After wet weighing (blotted free of excess moisture), materials 

were packaged in the smallest far or vial that could contain them and pre-

served in 60% ethyl alcohol (polychaetes) and 40% isopropyl alcohol for 

everything else . The gross bioma.ss for the five major groups varied widely 

(Kritzler) : 

.034 - 20 .1 g 

.05 - u.0 g 

.o - 110.6 g 

.61 - 12 .2 g 

.05 -1239 

Molluscs : 
Arthropods : 
Echinoderms : 
Polychaetes : 
Miscellaneous 
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with 3.8% formaldehyde in sea water buffered with borax to prevent 

dissolution of carbonate . Through a combination of rough and fine sorting 

The total penetration of the box cores varied between stations, 

with the greatest penetration being in Area V and the least being in 

Areas I and II (Table 4) . It must be recognized that the gross biomass 

data may be partially affected by penetration and greatly affected by 

chance recovery of large, heavy specimens (shell), particularly molluscs . 

Table 5 shows total biomass corresponding to an cereal basis . 

From the gross biomass, several organism types were selected for 

detailed identification and counting as indicator groups to shed light on 

productivity and ecological conditions in the areas in question. The 

groups selected were polychaetous annelids, foraminifera, and micromol-

luscs . Criteria for selection include ubiquity, variety of life-

adaptations, number of species and individuals, the state of knowledge of 

the organisms in question, as well as the expertise available for this 

study . These selections proved to be highly successful . 
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Table 4 . The average length of scores A and B (data of L . J . Doyle) 
for each master station was multiplied by the area of the 
eight cores (21 .5 x 30 .5 cm each) to arrive at an estimate 
of total volume in each core . Only the top 15 cm was 
sieved for biomass determinations . At these stations where 
the total volume was less than 9 l ., less than 15 cm was sieved . 

Sieved 
Vole 

Station (liters) 

1 17 .4 
2 14.6 
3 19 .6 

18 .1 
5 17 .0 
6 17 .8 
7 12 .0 
8 11 .3 
9 7 .4 
10 8.7 
11 11 .9 
12 12 .0 
13 13 .0 
1k 12 .3 
15 11 .2 
16 17 .2 
17 8 .1 
18 9 .6 
19 12 .2 
20 11 .9 
21 11 .0 
22 11 .5 
23 11 .0 
24 16 .4 
25 15 .4 
26 13 .1 
27 8 .4 
28 11 .3 
29 10 . 4 
30 157 
31 11 .9 
33 8 .9 
34 8 .4 
35 11 .2 
36 9 .9 
37 10 .2 
38 12 .6 
39 11 .3 
1+0 11 .0 



Table 4 . Continued . 
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Sieved 
Volume 

Station (liters) 

41 13 .9 
42 10 .4 
44 16 .7 
45 7.8 
46 8.9 
47 10 .4 
48 9 . 
50 13 .8 
52 7 .0 
53 16 .7 
55 13 .6 
Sb 8.0 
57 8 .4 
60 8.7 
61 9 .0 
62 5 .2 
63 7.3 
64 9 .9 
65 9 .7 



2 . Polychaetous annelids 
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Polychaete worms were found in all areas of the survey, including 

areas IV and V. Here some 190 species were identified, comprising 41 

families, and 10,020 individuals were catalogued . Two families, Scali-

bregmidae and Sphaerodiriidae,have not been previously reported from the 

Gulf of Mexico . Since some closely related species and more obscure forms 

require time-consuming analysis for exact identification, some further 

new forms may be turned up at a later date . 

The major species (defined as making up 5% or more of the sample)are 

given in Table 6 . Although some ubiquitous forms (e .g ., Lumbrineris 

parvipedata and Paraprionospio pinnata ) are present, differences in 

assemblages. can be discerned. Stations 1-5 are populated by species 

typical of fine sediments rich in organic matter, particularly the 

maldanid species Asychis carolinae and Clymenella torquata, and the nereid 

Ceratonereis tridentata . In general, this group of stations exhibits low 

species diversity and abundance . 

A highly diverse and abundant assemblage is present in stations 6-16, 

typical for sand-silt-shell substrates, whereas a third association occurs 

in the shell-hash sediments at stations 17-20 (area IV) . 

The relationship of sampling strategy to community identification is 

shown in Figures 5 and 6, depicting a plot of sample area against species 

total . The figure of .48 m2 approximates. the total area of 8 box cores 

less subsidiary samples . In Figure 5, station l, samples from only one 

box core would have yielded only a third of the total species recovered . 

Yet further box cores would not have added significantly to the total . 

In Figure 6, an extremely diverse assemblage (station 11) is still increasing 

at the tenth core, whereas at station 17 the characteristic change in 

slope toward the asymptote is already marked. 
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TABLE 5 (Kritzler) 

BIOMASS OF MAJOR MACRO-INFAUNA GROUPS IN GRAMS, WET WEIGHT, PRESERVED 

8 cores = 0 .48m2 

STATION MOLLUSCS ARTHROPODS ECHINODERMS POLYCHAETES MISCELLANEOUS 

1 1 .9653 .0965 3 .5677 4 .6947 .2024 
2 .3442 1 .0137 .3111 3 .3048 .1241 
3 .1710 .2987 .1882 3 .0722 .0760 
4 .1525 .2149 46 .3035 1 .6385 .3366 
5 .4605 .0397 .5255 2 .0125 1 .2518 
6 9 .9998 .0783 2 .3781 8 .3006 .4908 
7 3 .7315 .6008 .5262 3 .8692 .3602 
8 2 .5373 .4549 .2054 7 .4364 .9691 
9 1 .9810 .3461 .9297 7 .6078 2 .3181 

10 1 .6170 .2202 .8268 5 .1552 1 .5847 
11 2 .9283 10 .9692 .1315 3 .1475 .6320 
12 .2814 .5664 1 .1540 4 .3523 17 .7654 
13 .5772 .1032 21 .2325 2 .7876 .3707 
14 .988Z 1 .0281 .5745 4 .2544 14 .2854 
15 .7510 .0536 .0765 2 .0157 .2930 
16 13 .6503 .4462 " .0349 4 .0134 2 .8461 
17 2 .0319 .5619 .7317 2 .5065 3 .2560 
18 .4168 .1310 1 .1235 1 .1822 11 .9669 
19 19 .9838 .6144 .7230 2 .1581 10 .5763 
20 .4835 1 .0918 .1997 2 .1884 1 .8299 
21 2 .2253 .1828 .2683 1 .3510 .9180 
22 1 .1379 2 .7666 .0162 1 .5870 3 .7093 
23 .4988 .1726 .0043 1 .8340 .1069 
24 1 .0339 .2093 .0822 2 .6660 .1840 
25 .3368 .3887 .8241 , .8615 .6212 
26 1 .2486 .2060 .0654 2 .5550 .1751 
27 .5901 .1992 .8134 .9322 5 .6734 
28 2 .5501 1 .8675 .0262 1 .1965 .2752 
29 .3589 .2138 2 .6721 1 .5348 .9736 
30 .3637 .1269 .0282 1 .0099 .1229 
31 2 .0136 1 .0338 .2892 2 .3717 3 .8885 
32 2 .0383 .1838 .0684 .6119 .0502 
33 1 .3484 .3949 1 .6081 1 .1867 .5765 
34 4 .5422 1 .6025 .1071 3 .4975 7 .0008 
35 .8572 .9865 .4855 1 .8868 2 .5632 
36 5 .0898 .4951 .6046 2 .4617 1 .6262 
37 2 .0821 .8509 3 2 .8954 1 .4007 
38 .9621 .7424 .3418 "1 .9925 2 .1486 
39 10 .9619 2 .8885 .4384 3 .3744 17 .8035 
40 1 .4403 .3767 .2516 3 .2080 17 .0829 
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TABLE 5 contd . 

STATION MOLLUSCS ARTHROPODS ECHINODERMS POLYCHAETES MISCELLANEOUS 

41 3.10004 10 .2647 3 2 .0924 36 .0020 
42 3.5142 1.2709 2 .6699 2 .6352 6.2115 
43 NO BIOMASS ESTIMATE : DREDGE STATION . 
44 .3133 .8430 16 .6984 .9749 16 .2542 
45 .9242 .1840 1 .0792 1 .4138 .8497 
46 20 .1074 .6414 .3557 2 .8481 7.6579 
47 9.7454 2 .6369 6 .4664 12 .1778 1239 .5329 
48 .1389 .3285 .2685 1 .4612 5.7093 
49 NO BIOMASS ESTIMATE : DREDGE STATION 
50 .9600 2 .9809 .1432 1 .1700 4.6741 
51 NO BIOMASS ESTIMATE : DREDGE STATION 
52 7 .1285 .2381 .2899 .9896 .2144 
53 .4901 .4024 2.5772 1 .5155 1.2492 
544 2 .2382 1 .3079 .0891 2 .0923 4.7541 
55 3.0533 2 .2769 .0866 .7836 2 .0809 
56 2 .2220 .3897 110.6179 .6740 7.2116 
57 .0766 .9619 .5354 1 .0118 9.8362 
58 NO BIOMASS ESTIMATE : DREDGE STATION 
59 NO BIOMASS ESTIMATE : DREDGE STATION 
vv ~T~v/ J~YJJV 1.0377 1.~8467 ~8470 
61 1 .2482 1.1352 .0494 1 .0451 3 .2575 
62 .8595 .5862 .0100 .9258 1.7114 
63 .1711 4 .1002 3 .8327 .8587 
64 .2498 2 .0810 .0190 1 .8975 6 .6643 
65 .1366 1.4729 .0210 1 .3574 9 .5395 

1 Based on 7 box core replicates ; 1 lost 
2 Based on 2 box core replicates (dredge station) 
3 Blank under echinoderms denotes no echinoderms in the sample ; not 

that anything was lost 
based on 4 box core replicates (dredge station) 



. TABLE 6a I . 
I 

"DOMNANT TAXA" (POLYCHAETES) DEFINED AS THOSE SPECIES REPRESENTING AT LEAST SX' OF TOTAL INDIVIDUALS 
IN MAFLA AREAS I, II, ACID III 

i 

STATIONS 
IOMINANT TAXON 

,anger ans a cornuta 
,glaophamus verrilli 
~nup s erem to ocu ata 
.edicira belgicu 
'ftrysaspio bielem 
,umbrineris 6ranchiata 
'areu cpis sp . 
anloscolonlos fragilis 
rionospio cirrifera 
ossura delta 
haulophocus babirusa 
aralacydonia paradoxa 
umbrineris parvapedata 
rionosnio cirrobranchi 
umbrineris mucronata 
niophanes soederstromi 
aFelona longicornis 
o[omastus l.atericeus 
agelona n . calitornica 
yposyllis vitta[a 
lycera tennis 
oniada teres 
aolosyllis spon,i.cola 
unir_e vittata 
armotlioe lunulata 
yllls Rractlts 

XI I Ix 

X 

X A I X X X X 
X 

i 

X I f I IX 
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' ' . . )OMINANT TAROK 

'oec ochaetu ohnaoni 
lerinides agilis 
ti ponoa multibranchiata 
y posyl is varfegata 
fasmineira elepans 
levhtys bucera ; 
;oniada littorea 
.ur�brineris inflata 
:irberginereis nerm s 
'araonis gracilis 
ipioptianes bombyx 
\nai tides ma eirensis 
"xocone sp, 
?rior.osoio nnicibran~ata 
armothoe bobo 
v osvllis alternata 
itreblosoma hartmanae 
Prionos io innata 
on osoma rionota 
Lvsidice ninetta 
Sigambra tentaculata 
Rajaane sar-- sir 
irratulus filiformis 

Ceratonereis costae 
Armandia polyophthalma 
Pygosplo elegans 

TABLE 6a contd, 

i 

i 

. : ~ , , . 
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TAB EX 6b 

"Dominant Taxa", Defined as Those Species Representing at Least SX of Total Individuals 

MAFLA Areas IV and V (Vittor) 

Dominant Taxon 

Paraprionospiopinnata 
Asychis carolinae 
Aglaophasmus verrilli 
Clumenella torguata 
Ceratonereis tridentata 
Lumbrineris parvipedata 
Ceratoneries irritabilis 
Ninoe nigripes 
Diopatra caprea 
Nephtys pieta 
Cirrophorus lyriformis 
Notomastus latericeus 
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Figure 6. Relationship between sample 
area and abundance of 
species at two stations in 
MAFLA Area IV. (From Vittor) 



1 

3 . Micromollusca (Moore) 

Micromolluscs axe small species of molluscs that reach a maxims size 

of 7 sue, some never reaching 1 mm in maximlun length . There generally axe 

no taxonomic divisions separating them from macromolluscs . Micromolluscs 

in the northeastern Gulf belong to three classes - Bivalvia, Gastropoda, 

and Scaphopoda . Most Bivalvia are filter feeders, although a few forms 

feed on small animals (e .g ., Cuspidariidae) or are deposit feeders . Gas-

tropods are browsers, predators, or parasites . Since the abundance of 

micromollusca is largely determined by their method of feeding and the 

abundance of the appropriate food, filter feeders and browsers are much 

more numerous than carnivores and parasites . 
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In the sampled areas micromolluscs ranked third in abundance among 

invertebrate microfauna according to the following sequence : foraminifera, 

micromolluscs, bryozoans, ostracods, echinoid spines and remains, barnacles, 

microcorals (GUynia), and rare brachiopods . A total of 4,241 bivalves, 

3,08+ gastropods, and 90 scaphopods were identified and counted, and some 

species remain to be identified fully . The main data are provided in 

Table 7. 

Bottom type and its related physical parameters appeared to be the 

most important factor in determining abundance and distribution of the 

species, but in a few cases, depth seemed to be the controlling factor . 

Signs of heavy predation were everywhere (crabs, shrimp and fish) . For 

this reason, live adult micromolluscs were quite rare, whereas live larval 

or young postlarval molluscs were fairly common in the fine fractions of 

the sediment . Thus, these animals appear to be an important part of the 

food chain for larger predatory animals . 
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Foraminifera (Bock) 

Samples were collected from both the upper 3 cm of cores and the 12- 

15 cm interval, wet sieved through a 63 macron sieve, and regained wet for 

analysis . In this, identification of living forms (protoplasm content) is 

possible without the use of staining methods that have been questioned . 

The number of total and living specimens was determined per ml of sample, 

and two samplings of 300 were picked, identified and counted : the first 

for total specimens, the second for a 300 specimen living population . The 

percentage distribution of living benthonic foraminifera, is given in Table 

8 . A total of 193 living species was reported . 

The percentage of living species is very high in area V (to 66 .70) 

and decreases to the east and south with the lowest percentage in area I (6%) 

However, all percentages were higher than expected ; many abundant species 

were represented by high percentages of juvenile specimens . Bock attri-

butes these facts to possible seasonal blooms of foraminifera, and in 

areas V and IV, high sediment loads with large amounts of nutrients . One 

may also note that other investigators pointed out heavy grazing pressures, 

and this may in part account for the preponderance of juveniles . If so, 

benthonic foraminifera would appear to form key food elements for fish and 

crustacea . 

Overall,fauna are relatively uniform, but areas II and V contain 

species found abundantly only in their respective areas . Area II contains 

Peneroplis carinatus , Textularia agglutinans and T. conica , along with 

Amphistegina gibbosa which indicate reef-like conditions, or at least, 

high energy, hard substrate environments . In contrast, area V contains 

Ammonia becarii , varieties parkinsoniana and tepida , Elphidium galvestonense , 

and other species capable of withstanding high degrees of stress . These 



FORAMINIFERA : PERCENTAGE DISTRIBUTION 

Figure Percentage distribution of living benthonic foraminiferida in the MAFLA area . 
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TABLE 8 
FORAMINIFERA : PERCENTAGE DISTRIBUTION 

contd . 
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1.0 

Rectobolivina advena 1-0 0-3 0.7 1.0 1 0.7 to 0.3 1 0.7 0.3 0.3 
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Figure (continued) 
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species also contain symbiotic zooxanthellae and dinoflagellate 

zoochlorellae (green algae) that assist the organisms to survive if 
i 

turbidity becomes too great for other species . Three species occur in 

abundance in all five areas and at almost all stations : Cibicides 

floridanus , Hanzawaia strattoni and Rosalina columbiensis . 

A significant observation relates to the fact that specimens at 

0-3 and 12-15 cm showed relatively minor differences in their planktonic/ 

benthonic ratios . These ranged from 5+ :100 to 1 :100 (the latter at 

stations 5 and 65) . These data imply that incursions of pelagic fauna 

(via the Loop current) have been relatively stable in their patterns 

for the period of time involved between the depths in the sediment . 
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5 . __Epifauna and epiflora (Hopkins) 

According to Hopkins, examination of samples recovered by diving and 

dredging in the current investigations has revealed new and unusual species 

in every mayor epifaunal and epifloral group . The epifaunal groups referred 

to in this account are decapod crustaceans, sponges, molluscs, echinoderms, 

and hard and soft corals . Epifloral groups are Chlorophyt a, Phaeophyta, and 

Rhodophyt a (green, brown, and red algae) . The new species will be dealt 

with in later journal publications by specialists . Identification of sus-

pected species, except sponges, is proceeding with the assistance of museum 

repositories at the U. S . National Museum, the Florida Department of Natural 

Resources Museum, and collections of the University of Miami and appro-

priate specialists . S . Earle has provided identification for the archived 

algal specimens . 

Quantitative measurements were recorded by use of a portable 5m2 frame . 

Because of species diversity) and abundance2, quantitative measurements 

were not made on the reefs in area II . Here emphasis was placed on photo-

graphy and collections with emphasis on coelenterates, sponges, molluscs and 

algae . Capetown dredging was executed using 10 minute tows . Numbers of 

species and suspected species axe as follows : 

Soft corals 19 
Hard corals 24 
Molluscs 107 
Crustaceans 104 
Algae 154 
Echinoderms 50 
Sponges 260 

Species diversity as well as abundance varied markedly from station to 

station within an area, as well as between areas, largely controlled by 

1 . Diversity is used to represent the number of different species within 
a genus . 

2 . Abundance refers to the total number of species within a given fauna) 
or floral group . 
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substrate . In area II even the swinging of the vessel on its anchor chain 

could direct divers to different subenvironments . 

Table 9 provides a summary of biotopes (sediment substrates harboring 

a given faunal-floral assemblage), indicator organisms..,. and relative abun-

dance . The numbers following epifaunal-floral group,s*'e coded according to 

the percentage which has been identified and archived among the total 

MAF'LA species . 

The linkages that Hopkins provides between faunal-floral groups and 

substrate types are particularly valuable because these show coherent 

patterns for given regions . Thus, in area I, soft carbonate mud areas 

tended to be depauperate, whereas firm substrates such as hard compacted 

calcareous sand and shell rubble showed increasing abundance depending on 

the degree of firmness and occurrence of crevices and other shelters . 

1116111.JV ~i1VC1J11` The J aiiu uvullud.ilCC 1U1' corals, sponges anti algae are found 

in high relief rock ridge areas of area II . AreaIII biotopes offer wide 

areas of shell hash and rubble over an apparently hard substrate . Molluscan 

and crustacean diversity is high, including a large food web . An example 

of this type of environment is found in Figure ate . In contrast, fine sand-

mud bottoms revealed little by dredge . Area IV resembles area II in point 

of contrasting biotopes over short distances . However, whereas shell rubble 

produced abundant populations in areas II and III, both species diversity 

and abundance for all fauna were low in station 12 . A distinct departure 

in fauna was noted in station 18, containing mud, shell and gravel ; this 

included a deep water ophiuroid not collected elsewhere . Area V was the 

most depauperate area in the group . Only station 1 revealed indicator 

species (ophiuroid, Hemipholis , and the sea whip, Leptogorgia) . 
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TABLE 9 (N)pkins) 

SUMMARY OF BIOTOPES AND COMMUNITY INDICATORS 
IN THE MAFLA LEASE TRACT BY AREA 

I 
AREA I 

INDICATOR ORGANISMS RELATIVE SPECIES ABUNDANCE 
BIOTOPI! STATION NO'S . BY GENERA IN GROUP I ' IN EACH EQIFAUNAL-EPIFLORAL GROUP COMMENTS ' 

1) Hard Compacted 65 a) SPONGES c) HARD CORALS SPONGES- Moderately Low 17/66 ~ , 
Sand w/$ilt Ircinia Cladocora ECHINODERMS - Low 5/36 

Haliclona HARD CORALS- Low 5/22 
Spheciospongia d) ALGAE MOLLUSCS - Very Low 2/86 

Cau'lerpa CRUSTACEANS - Low 20/96 - 
b) ECHINODERMS Dictyota ALGAE - Moderately Low 

Astropecten Gracilaria 
Encope 

e) DECAPOD CRUST, 
Synalpheus 
Pylopaqurus 
Raninoi e5 

i 

2) Shell Rubble, Sand w/Silt 62,64 a) SPONGES d) HARD CORALS SPONGES - Moderately Low 24/66 St. 64 Crevices 
As @765 Cladocora ECHINODERMS - Low 8/36 3-4' deep, Reef 

HARD CORALS - Low 4/22 fish and epifauna b) ECHINODERMS ' e ; MOLLUSCS MOLLUSCS - Very . Low 7/86 in association-vii Astropecten Fasciolaria CRUSTACEANS - Moderately Low 25/96 crevices . 
Echinaster ALGAE- Moderately Low . . 

f ; DECAPOD CRUST, 
c) ALGAE Synalpheus 

As @ I?65 Pylopagurus 
Ranilia 

3) Soft and Silty 60,61 No definitive organism, established All Groups Low to absent 

i 
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TABLE 9 contd, 
AREA 1 I, j . . . . ' ~ ~ . . . :. 

INDICATOR ORGANISMS RELATIVE SPECIES ABUNDANCE 
BY GENERA IN GROUP IN EACH EPIFAUNAL-EPIFLORAL GROUP COMMENTS 

~ Sponges ' Moderate 30/6b St. 146 b 147 . . SPONGES HARD 
Ircinta Dichoc ienie Echinoderms - Low rich in a1ga~, Apecise 
Sphecioepongia Scol yrra ' Oecapod Crustacea - Very Low 13/96 St . 142 Soft coral 
Callyspongia Mill ~i>a , Hard Corals - Moderately High 15/22 forest 42 colonies 

I_S Molluscs - Very Low 8/86 diversity estimates COR ECHINODERMS 
15 epp/SM2 . Ophiothrlx Mu lr( cec~ , 

Diadems pexa~=a' 5t . 47 6 247 show 
Astrophyton unice i ', . . .,, E 

lia 
DECAP00 CRUST, ' MOLLUSC S " , hard coral diversity= 

Mi thrax Chta,nl : ; ' 
Macrocoeloma Spon~ .lus 

'Stenorynchus Vermi te . St . 257 b 451 .ila 
Millepora, hard coral 

CORA LS 

Soft Corals - Moderate 9/19 SM2 Sponge species 
SOFT P 

Algae 

reduc tion 

density 
increa se in sponge 

( r 

ALGAE j and soft coral are 
Ka 1 1 Ynr *n I e . . . ,' abundant ; algal reduc 
Spar oc_inus 
Micro< Ictyon . _ . ._ 

. . , . 

HARD CO RA_S Sponges -,Moderately Low 20/66 
Cladoi : 3ra Echinoderms - Moderately Low 14/36 
Scol Yriia Oecapod Crustocea - Very Low 13/96 
Mf I 1 e1j)ra Hard Corals -'Very Low 1/22 '.- 

Soft Corals - Very low 1/19 
SOFT CORnLS Molluscs Very Low 9/86 

Eunj cfa' . . , Algae- Nigh . . . 
~:/ 

MOLLUSCS 
Lae%( ~ : Ardium 
Pec't c i 
Venn 1 : ulorle . . 

ALGAE 
wicioi tctYon ' . ' . .' 
U~tnt r. t 
Sarc a ssum 

.. 

.. . 

BIOTOPE STATION NO'S 

High Profile Rock 47, 146, 147 
Ridges 151, 247, 251, 

. 451 

N 
O 0 

Low Profile Rock 42 SPONGES 
Patches with Intermittent Ircinia 
Sand Placospongta , 

Haliclona 

ECHINODERMS 
Eucidaris 
Echinaster 
Diadcma 

DECnPoD CRUST,. 
ryi!,pJUlriis 

' St~torynchus 
A I (1 h CU S 
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TABLE 9 contd, 
AREA 11 

INDICATOR ORGANISMS RELATIVE SPECIES ABUNDANCE 
BIOTOPE STATION NO'S BY GENERA IN GROUP IN EACH EPIFAUNAL-EPIFLORAI GROUP COMMENTS 

3) Coarse Sand 45 � 46, 52, SPONGES HARD CCRALS SPONGES ' Very Low 5/66 St. 46 . 3 Meoma, 
351 Fibulia Oculina ECHINODERMS-Moderate 18/36 5 Eucidarie per 

DECAP00 CRUSTACEANS - Moderate 42/96 5 142 . 

ECHINODERMS SOFT CCRALS HARD CORALS - Very Low 3/22 
Encope Muri ces SOFT CORALS - Moderately Low 6/19 
Echinaster -' MOLLUSCS - Moderately Low 15/86 
Goniaster MOLLUSC S ALGAE - Very Low 

Chlm Is 
DECAPOD CRUST . ell i is 

Munida 
Parthenope ALGAE 

p Scyllarus Gi er :ina 

4) Coarse Sand, Broken 43, 44, 48, SPONGES HARD CCRALS SPONGES - Moderate 33/66 
Rock G Shell 49, 50 Ircinia Ocul i~ia ECHINODERMS - Moderate 19/36 

Geodia DECAPOD CRUSTACEANS Moderate 40/96 ', 
., Tethya SOFT CC RALS HARD CORALS - Very Low 1/22 

LopF o~ o~ rgta SOFT CORALS - Very Low 1/22 
ECHINODERMS MOLLUSCS - Moderately Low 20/86 

Eucidaris MOLLUSC S . ALGAE - Moderate 
Echinaster Vern i~:ularle 
Lytechinus Chlm rs . 

Lae\, o~;ardium 
DECAPOD CRUST 

MUmida ALGAE 
parthenope Caul e- , a 
pilumnus Micr o~ lictyon ' . 

Di tt y,!td 

5) Hard Packed Send 246 ECHItdoDCIt11S ALGA[ SPONGES - Absent 
LYt ec.hinus Caul erLa ECHINODERMS - Very Cow 3/36 
Luidia r DECAPOD CRUSTACEANS - Moderately Low 34/g6 

HARD CORALS - Very Low 1/22 
DECAPOD CRUST . SOFT CORALS - Absent . 

S ymethis MOLLUSCS .. Very Low 1/86 
Calappa ALGAE - Low 
Macrocoeloma 
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TABLE 9 contd, 
AREA III 

INDICATOR ORGANISMS i RELATIVE SPECIES ABUNDANCE . 
BIOTOPE STATION NO'S BY GENERA IN GROUP IN EACH EPIFAUNAL-EPIFLORAL GROUP COMMENTS 

. . 

1) Shell Rubble and 34 ; 35 . 37, 39, SPONGES DECWD CRUST .-- SPONGES - Moderately Low 20/66 St . 34 Eucidarie 
Coralline Algae 41 placospongia Py: opaguru's ECHINODERMS - Moderate 16/36 '' 1/SM2 Munida forms 

Ircinia StF~norhynchus HARD CORALS - Very Low 3/22 large biomass 
Haliclona Mur~ida SOFT CORALS - Low 4/19 St . 35, 37 b 39 

-' MOLLUSCS - Moderate 51/86 Rock outcrops 6-l . 
ECHINODERMS MOLLU'CS OECAPOD CRUSTACEANS - Moderately High 59/96 Rich in 

Echinaster Vermicularia ALGAE - Low Commercial fish 
Arbacia Ch' amys species . 
Eucidaris Ae(juipecten St . 41 Astropecte~ 

7/5M2 . 
o HARD CORALS ALGAE 

Oculina pot.ryocladia 
S t iruvea 

SOFT CORALS Rhndymenia 
Leptogorgie 

2) Fine Sand - Mud 22 No definite organisms established All groups virtually absent St . ~34 Aetropect 
. . 3/5M . 

3) Coarse Sand - 134 SPONGES MOLW CS SPONGES - Absent 
Occasional Shell Cliona Veirmicularia ECHINODERMS - Moderately Low 11!36 

Ch amys DECAPOD CRUSTACEANS - Moderately High 59/96 
ECHINODERMS Oct:opus MOLLUSCS - Moderately Low 14/86 ', 
Astropecken ALGAE - how 
Echinaster ALGAE 
Goniaster A5 in 1) above 

OECAPOU CRUSTACEANS 
As in 1 above ' 

i 
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TABLE 9 contd . ~ . . . , . ., 
AREA IV , , . i . . . 

. .-, . 

' INDICATOR ORGANISMS . .. ' ` . . ' RELATIVE SPECIES ABUNDANCE . `' 
STATION NO'S 9Y GENERA IN GROUP ~ IN EACH EPIFAUNAI-EPIFLORAL GROUP . .~ COMMENTS 

12 : SPONGES DECADO) CRUST- ALL GROUPS LOW TO ABSENT . 
Halicfona Dronida 

14'n i da' 
ECHINODERMS 

Echinaster MOLlUS ;S 
Goniaster Dis :orsto - 
Astropecten T ' .~ . 

13 ECHINODERMS DECAPO ) CRUST, ALL GROUPS LOW TO ABSENT 
Clypeaster Ana .imus ' "8t . 23 . Clypeaeta~ 

. Encopa 
Encope 

bI5M2
. '2/SM 

Astropecten MOLLtJS :S 
' qrgi ep cten ., 

La ei icardim . t '. 

14, 16, 17 ECHINODERMS MOLLUS~:S ALL GROUPS LOW TO ABSENT . . .' St; 16 . Ciypeastel 
Astropecten Dis orsto 7/SM . No Encopa 
Luidia ' . ' Luidis coon 
Echinaster 

DECl1POD CRUST.' MOLLL'SI S 
Calappa Dis or5(o 
Petroch( rus Mur~ x --, 

18 ECHINODERMS .~ ALL GROUPS'LOW TO ABSENT . , . . 
Stylocidarts ! , . 
Astroporpa annulate . 

. Luidia 

SPONGES ~ 
Halichondria I 

.. 

t) Fine Sand 

Mud, Shell-Gravel 

B I OTOP E 

I) Shell Rubble 

N 
0 
w 

() Hard Sand w/occasional 
Shell 

.. 
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TABLE 9 contd, . 
AREA V '. 

INDICATOR ORGANISMS RELATIVE SPECIES ABUNDANCE 
BIOTOPE STATION NO.'S BY GENERA 1N GROUP j IN EACH EPIFAUNAL-EPIFLORAL GROUP COMMENTS 

1) Very Soft Black . 2-6 . None established I ALL GROUPS VIRTUALLY ABSENT . 
Mud ~, 

2) Mud, Sand, Shell 1 ECHINODERMS DE .AP00 CRUST: ALL GROUPS VERY LOW TO ABSENT 
Hemiphol is Ca l 1 i nectes 

p~maeus 
SOFT CORALS 

leptogorgta , 
.- 

o . 
r 

i 

. . 

,, 
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Inter-area comparison reveals that crabs and shrimps were most abundant 

in areas II and III, well correlated with shell and rubble . Area III had 

the greatest number of species of molluscs, followed by II .and IV, each 

with 50 . Echinoderms were most abundant in area II . Sponges and .soft 

corals, requiring hard substrates, reach greatest species abundance in 

area II . 

In summary, substrate remains the key abiotic factor influencing the 

structure of benthic communities . Beyond this, Collard and D'Asaro (1973) 

point out that in depths from about 30 to 200 m the benthic fauna of the 

Gulf is generally West Indian in composition, whereas the deep Gulf fauna 

has Atlantic affinities . These relationships may partly be related to egg 

and larval transport via surficial Loop waters to the shelf areas of the 

Eastern Gulf . 
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6 . Histopathology of benthic invertebrates 

As described by Blake, 240 samples of benthic invertebrates were 

fixed in Dietrich's fixative and embedded in Paraplast, utilizing a 15 

hour processing routine on a Technicon tissue processor . The tissues 

were sectioned at 6u and stained with hematoxylin-eosin . Two slides each 

of 2-6 tissue blocks per animal were prepared . These samples are to be 

archived for future comparison with organism resamplings from the lease 

tracts . Species included in the sampling are shown in Table 10 . One may 

note that in the future, samples for histopathological analysis should 

be collected by dredging or diving, since the specimens obtained in box 

cores may be too small and too few for meaningful study . 

Although the scope of the study did not include analysis of the 

sectioned samples, some qualitative and preliminary observations may be 

yeri.itleilu . riistiopatnological study of marine organisms is a relatively new 

field, hence many of the organic structures observed in the collected 

organisms are unknown or previously undescribed . This applies, for 

example, to alcyonarian corals and other epifauna from area II (Middle 

Ground) . From the limited observations made during control of tissue 

preparation, most organisms and organ development appeared to be normal in 

character . The chief pathologies noted were reactions to parasites - a 

normal feature in undisturbed bottoms . 

Scallops recovered from areas I-III showed males with spermatozoan 

development and females ready to spawn . Such developments are signifi-

cant because the reproductive cycle is one of the organism functions most 

sensitive to influence of pollutants or other stress conditions . Since 

reproduction is frequently related to or triggered by variations in temp- 

erature, further observations may also reveal useful information about 
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Caphalopoda 
Octopus joubini 

Arthropods 
Crustacea 

Calappa angusta 
Calappa flammea 
Lysiosquilla excavatrix 
Mithrax spinossisimus 
Pachycheles rugimonus 
Paguristes sericeus 
Penalopsis oodi 
Portunus ordwayi 
Portunus anceps 
Scyllarus sp . 

14 
Sicyione parri 
Synalpheus longicarpus 
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TABLE 10 (Blake) 

LIST OF SPECIES FOR 
HISTOPATHOLOGICAL ARCHIVING 

Porifera 
Callyspongia sp . 
Ircinia fasciculata 
Ircinia campana 
unid . spp . 

Cnidaria 
Dichocoenia stokesii 
Muricea sp . 
Oculina diffusa 
Plexaurella sp . 
Porites furcata 
Scolymia sp . 

Annelida 
Polychaeta 

unid spp . 

Mollusca 
Gastropoda 

Cassis madagascariensis 
unid . spp . 

Pelecypoda 
Argopecten ibbus 
Argopecten mucosus 
Echinochama cornuta 
Lyropecten nodosus 
Spondylus americanus 



Echinodermata 
Asteroidea 

Astropecten duplicatus 
Astropecten sp . 
Echinaster sp . 
Goniaster tessellates 
Luidia clathrata 

Echinoidea 
Eucidaris tribuloides 

Holothuroidea 
Holothuria sp . 

Ophiuroidea 
Ophioderma brevispinum 

Miscellaneous species 
Membranipora sp . 
Styella sp . 
unid . tunicate spp. 
Amphioxus 
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Table 10 contd . 
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timing and reproductive strategy in valuable marine species . 

Dredging or other disturbance of marine bottoms may be more disruptive 

at a time of spawning than at other times . 

i 
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Adenoisine triphosphate (ATP) measurements (La Rock) 

The ATP technique provides a measure of total living biomass, since 

ATP is present in living protoplasm but is quickly dissipated on tissue 

death . That high-energy organo-phosphate compounds play a prime role in 

energy transfer in all metabolic processes, was already observed systema-

tically by Harden and Young in 1905 . However, analytical studies of these 

compounds to characterize marine biosystems have been employed only very 

recently, and the present studies axe among the first to be linked with 

broad surveys of marine parameters . 

ATP is extracted from water or sediment samples with sulfuric acid 

followed by equilibration of extracts with EDTA - TRIS buffer solution . 

The preparations are frozen prior to laboratory assay . The end determina-

tion involves measurement of bioluminescence induced by addition of the ATP 

Detrital and colloidal matter are known to adsorb ATP from solution. 

Therefore, an internal standard technique is utilized by La Rock in his 

studies to determine efficiency of extraction, and the final values are 

obtained by correcting raw data to a 100 extracted basis . 

In practice, the bulk of living biomass may frequently lie in bacteria 

and allied microorganisms with a subsidiary quantity contributed by 

zooplankton, phytoplankton,micro-infauna, such as foraminifera and the 

like (see discussion of benthic populations) . Unlike virtually all 

other organisms, bacteria axe not only present in aerobic systems (res-

piration requirement) but can occur in appreciable quantities in anaerobic 

(anoxic conditions, owing to the activities of sulfate-reducing and 

fermenting bacteria . Strictly anoxic conditions in near-surface surfi- 

cial sediments are likely to be present in the present investigated 
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areas chiefly in the high-organic, high sedimentation rate areas east 

of the Mississippi Delta (Areas .V and in part, IV) . Nevertheless, one 

must recognize that whereas other organisms may be concentrated in the 

uppermost portions of box cores, or on sediment and rock surfaces, bac-

teria, and hence ATP, may not only decrease, but actually increase with 

depth . This effect must be taken into account when relating 

ATP measurements to surface and near-surface productivity. 

The values in Table 11 show regional means for both the water column 

and sediment measurements . La Rock notes that ATP surface values for 

areas 1, 2 and 3 were equivalent to twice concentrations found elsewhere 

in the Gulf of Mexico, the Florida Straits, and the Caribbean . The nor-

mal range of ATP concentrations for surface samples in the open ocean 

range between 80 and 120 ng/1 ( .08 - .12 ug/1) . Variations with depth 

Fnr all trar+t.c arnaa.rP(3 fn be irregular. with no consistent change with 

depth . As may be noted, the fluctuations in concentrations for areas 

IV and V in the water column were extremely great, and the very marked 

enrichments here are interpreted as being due to high nutrient and 

organic content of water, coupled with concentrations of microorganisms 

on the suspended particulate material . In contrast, the relatively low 

sediment ATP in areas IV and V reflected the generally impoverished 

benthic fauna . 
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Table 11 . Adenosine triphosphate concentrations (ATP) . Compiled 
from data of La Rock . Variations of the means for 
stations are given as standard deviations . 

Area Sediment values Water columns Stations 
Wet Weight Dry Weight 

PPb PPb ug/1 (``PPb) 

1 285 ± 39 399 ± 32 - .16 + .08 - 1, 2, 3 

II 601 + 117 764 + 11+3 .22 + .09 1+, 5, 6 

111 537 ± 71 699 ± 79 .15 + ,o4 7, 8, 9 

IV 314 + 27 359 + 46 1 .4 + ,9 10, 11, 12 

v 206 + 46 343 ± 70 4 .6 + 4 .6 13, 14, 15 

Control 1 .2 + 1 .1 C-4 
Station 
(Outside 
V-IV) 

i 
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F . Water Column Studies 

l : General approach and water properties 

Water column studies were performed on three cruises described in the 

report by Smith : BLM Cruise #1 (R/V BELLOWS), BIM Cruise #3 (R/V GULF 

RESEARCHER, and BLM Cruise #5 (R/V TURSIOPS), in May-early June, 1974 . Two 

further cruises #6/7 and #8/9 (R/V GULF RESEARCHER and R/V MISS FREEPORT) 

were completed between June 17 and June 30 . 

Some of the water properties such as expendable bathythermograph (XBT) 

and salinity-temperature-depth determinations (STD), dissolved oxygen measure-

ments were not intended for physical oceanographic studies as such, but 

rather to link the water column measurements to physical oceanographic 

compilations and modelling studies being reported simultaneously by the 

group coordinated by M. Rinkel . 

Other collections included : phytoplankton tows, micronutrient and 

chlorophyll samples, water for ATP, light and heavy hydrocarbon, trace 

-metal, particulate and dissolved organic carbon analysis, and collection of 

zooplankton for species identification, statistical analysis, hydrocarbon, 

and trace metal analysis . In addition, surface water "sniffer surveys" 

were performed for light hydrocarbons on the return cruise of MISS FREE- 

' PORT from St . Petersburg to Galveston via Panama City, Florida . 
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2 . Nutrients, chlorophyll, organic carbon, total particulate matter, ATP 

Nitrate (N03), nitrite (N02), silica (Si02), and phosphate + arsenate 

(P04 + AsO4) were determined on 66 samples by Fanning . Thirty-three were 

sampled by Iverson aboard R/V Bellows (Sites I-III), and 33 by Woodmansee 

aboard R/V Gulf Researcher (Sites IV and V), each representing 11 stations 

with samplings at surface (S), middle (M), and bottom (B) . Samples were 

membrane-filtered through .4 u Nuclepore filters as soon as possible . They 

were then stored in a clean polyethylene bottle and frozen until analyzed 

(in triplicate) . Replicate samplings showed standard deviations of .0l 

vg-at/l . Some nitrate samples showed loss in last replicates, presumed to 

be due to growth of algae after thawing. Silica . and phosphate measure-

ments were performed both by autoanalyzer and manual methods, with agree-

went usually better than 10% for the generally low values of silica . 

The results, shown in Table 12, reveal generally low surface and 

intermediate values but a pronounced tendency for enrichment in nutrients 

in the bottommost water samples, especially in the westernmost stations, 

10-15, (see location map, Fig . 7) . Fanning discusses several possible 

sources of this effect . Upwelling at the shelf edge is rejected because 

all nutrients should be approximately equally enriched, yet silica is 

much more concentrated in the western (Woodmansee) than in the eastern 

(Iverson) group, without corresponding increase in nitrate . A possible 

source is held to be release from interstitial waters of underlying 

sediments through diffusion or seepage . One may point out, however, 

that an alternative explanation for the lower nitrate enrichments may be 

uptake by benthic algae, including zoochlorellae that exist symbiotically 

on benthic foraminifera, as mentioned by Bock . 
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Table 12 . (Fanning) Final Nutrient Concentrations from the MAFLA. 
(All concentrations in Vg-at/1) 

Iverson's Set 

AutoAnal . Manual 
Sample P04 -P* N03 N Si02-Si SiO2-Si N02 -N 

1 T 0 .71 1 .26 1 .22 0 .9 0 .01 
M 0 .50 0 .28 1 .11 7 .6 0 .03 
s o .61 0 .19 1 .75 2 .0 0 .03 

2 T 0 .08 0 .30 0 .71 0 .8 0 .03 
M <0 .01 0 .19 O .47 2 .0 0 .02 
B o .06 0 .16 1 .46 0 .5 0 .01 

3 T 0 .01 0 .19 0 .96 5 .9 O .o4 
M 0 .01 0 .20 0 .98 1 .1 0 .05 
B 0 .19 0 .25 2 .19 2 .5 0 .02 

4 T 0 .04 0 .18 0 .61 0 .8 0 .03 
M 0 .01 0 .18 0 .57 0 .02 
B 0 .10 1 .98 2 .45 0 .51 

5 T <0 .01 0 .20 0 .80 0 .04 
M 0 .02 0 .14 0 .54 0 .03 
B <0 .01 0 .18 0 .83 0 .03 

6 T 0 .03 0 .09 0 .78 0 .08 
iii U . 05 u .G[ U .ytS 0 .02 
B 0 .03 0 .15 1 .66 0 .02 

7 T <0 .01 0 .20 1 .34 0 .01 
M <0.01 0 .20 2 .33 <0 .01 
B o .16 0 .1+4 3 .43 0 .17 

8 T 0 .03 0 .20 0 .96 0 .02 
M 0 .04 0 .30 2 .76 0 .13 

o .44 6 .63 5 .34 0 . 57 
9 T 0 .08 0 .22 1 .12 0 .02 
M <0 .01 0 .18 0 .82 0 .03 
B o .41 5 .71 7 .83 0 .25 

C1 T 0 .02 0 .19 0 .55 0 .04 
M 0 .02 0 .13 0 .42 0 .08 
B 0 .20 0 .30 1 .30 0 .04 

C2 T 0 .03 0 .18 1 .16 0 .03 
M <0 .01 0 .19 1 .17 0 .02 
B 0 .05 0 .27 2 .66 0 .40 

includes AsO4-As 



TABLE 12 contd . 

Woodma.nsee's Set 

AutoAnal . Manual AutoAnal . Manual 
Sample P04-P* P04-P* NO 3-N Si02-Si Si02-Si N02-N 

10 T 0 0 .02 0 .20 1 .91 1 .76 0 .04 
M 0.13 0.11 0.06 2.00 2 .26 0.02 

o .46 0 .56 3.38 9 .96 10 .42 0 .07 
11 T 0 .02 0 0 .24 1 .06 1 .01 0 

0 0 0 .26 ,1.48 :1 .49 0 
B 0 .22 0 .27 1.20 13 .00 13 .31 0 .47 

12 T 0 .01 0 0 .24 2 .82 2 .47 0 
M 0 .01 0 .05 0 .35 4 .07 4 .22 0 .05 
s 0 .12 0 .17 0 .76 9 .30 9 .22 0 .46 

13 T , 0 0 .05 0 .19 0 .43 0 .24 0 .04 
0.28 0.28 1.21 925 9 .92 0..26 
0.47 o.44 o .43 15 .53 15 .98 0.20 

14 T 0 .02 0 .05 o .08 0 .04 0 .17 0 
M 0 .02 0 0 .23 0 0 0 .02 
B 0.29 0 .22 4 .96 8.39 8.42 0.23 

15 z' 0 .09 0 .11 0 .39 2 .44 2 .75 0 .02 
o .06 0 .06 0 .09 . 0 .16 0 .47 0 .03 

B o .44 o.42 7.25 14 .88 15 .17 0.21 
A T 0 .05 0 .05 0 .06 0 .89 1 .06 0 .02 

M n n-~~~ v .vj i .~rj 1 . 26 0 . 02 

0.88 o.81 17 .42 8.21. 8 .32 0 
A5 T 0 0 .04 0 .14 0 .58 0 .48 0 

0 0 .04 0 .11 0 .95 1 .07 0 .01 
s 0 .38 0 .39 7.17 8 .61 8 .96 0 .13 

A6 T 0 .01 0 0 .22 0 .64 0 .52 0 .02 
M 0 .05 0 .11 0 :08 2 .32 2 .55 0 .24 
B 0 .26 0 .33 1 .34 9 .72 10 .12 1 .18 

c3 T 0 0 .04 0 .06 0 .58 0 .48 0 .01 
M 0 0 0 .30 1 .64 1 .79 0 .09 
B 0 .25 0 .26 6 .65 7 .92 8 .07 0 .48 

C4 T 0 .02 0 0 .23 0 0 0 
0 0.05 0 .31 1.78 1.56 0 .05 
0 .26 0 .28 5 .64 10 .85 11 .1+ 0.26 

includes AsQ4-As 
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Chlorophyll analyses (Iverson, Woodmansee) were performed on frozen 

filters by the standard method of Strickland and Parsons . A persistent 
i 

increase in depth is revealed by the data in Table 13 . 

Particulate organic carbon was determined on glass fiber filters by 

wit combustion . It and dissolved organic carbon were determined according 

to standard methods described in the instruction manual-for the Oceanography 

International Carbon Analyzer Model 0524 . The results are shown in Table 

14 . Mean values for the 5 lease tracts are shown in Table 14 . 

Table lit . Dissolved organic carbon (DOC), particulate organic carbon (POC) 
(Knauer and Aller) and total suspended particulate matter (SPM) 
(Betzer) for the 5 lease areas . Values in mg/1 . 

Water 
Area Stations DOC POC SPM 

I 1,2 ,3 ,A1 1.81 .200 .129 

.ii 4 5.5 3,6 1.UU .161 .21.7 

III C-2,7,8,9 1.88 .151 .091 

IV 10,11,12 2 .19 .147 .125 

V 13,1+,15 1+ .00 .215 .368 

These data show some puzzling inconsistencies, in that POC values are 

higher in several cases than total suspended matter . This cannot be due 

to different sampling dates, for the water samples were presumably drawn 

simultaneously on cruises of the Tursiops and Gulf Researcher . In 

neither case were significant systematic differences with depth noted, 

though Better reported a sharp increase in total particulate matter from 

Station 13 to 1.8 mg/l . 

Another surprise is that these particulate determinations did not 

register greater total particulate content toward the Mississippi Delta 

in view of known turbidities there, and strikingly confirmed by bottom 
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TABLE 13 . (Iver ;;on, Woodmansee) 

AREA CHLOROPHYLL SUMMARY 

(Grand Mean over all depths, all stations, mg chla m73 

I C1 II C? III C3 IV V C4 

S 0 .08 0 .11' . 0 .10 0 .)7 0.05 0 .05 0 .09 0 .19 0 .02 

M 0 .08 0 .12 0 .17 0 .12 0 .33 0 .23 0 .18 0 .23 0 .22 

B 0 .35 0 .29 0 .56 0 .52 0 .55 0 .21 0 .43 0 .62 0 .86 

C 0.17 0.18 0.28 0.17 0.31 0.16 0.23 0.35 0.37 

N 
CHLOROPHYL:: a PER CELL 

I CI II C2 III C3 IV V C4 

1 .72*10-5 1 .38*10-5 5 .4010 5 1 .03*10-4 :'- .59*10-5 2 .36*10-5 1 .93*10-5 2 .20*10-5 6 .40*10-b 
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carbon from ATP measurements . These show that living carbon makes up 

from a third to an appreciable part of particulate organic carbon, or 

even more in one case . However, these data do not appear to correlate 

well with the ATP measurements of La Rock, reported in Table 11, and in 

the original tables on which the averages are based . It is therefore 

suggested that the particulate chemistry be reviewed for computer or 

other errors . 
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photography (Fig . 4g) . As was pointed out earlier, at least bottom 

waters must have in excess of 100 mg/l .in several of the benthic 

stations (1 - 10) in area V. Moreover, ATP measurements by La Rock 

found up to 20 fold increases here . 

Interesting data axe supplied by Table 15, calculating total living 

3 " PhYtoplankton ; sargassum (Iverson, Woodmansee) ; Saxgassum (Humor) 

Net phytoplankton and filtered nannoplankton are tabulated in Tables 

1b, 1'(, and ltd . The highest concentration of cells in net phytoplankton 

fraction (55,000 per liter) was located at station C-1+, where the pennate 

diatom, Nitzschia delicatissima made up 73% of the population . Subsidiary 

highs were recorded in nearby area V, where the mean of 14,600 cells was 

also dominated by Nitzschia delicatissima. The third ranked station was 

C-1, where a mean of about 11,000 cells was made up primarily of a centric 

diatom, Chaetoceros compressum , (49%) and Oscillatoria erythrae (30%), a 

blue-green filamentous alga. Total concentrations of nannoplankton 

showed marked uniformity throughout the MAFIA lease areas, and they were 

generally lower than net phytoplankton means . Maximum concentration was 

encountered in area IV (+,900 cells/liter) . In brief, diatoms greatly 

dominated shelf plankton in the MAFIA area, reaching maximum values in 

the coastal areas . 
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TABLE 15. (Knauer and Aller) 

CO'HPARISON OF TOTAL LIVING CARBON 
CALCULATED FROM C/ATP RATIOS AND POC CONCENTRATIONS 

AT SELECTED MAFLA STATIONS (mgc-3) 

STATION 
N0 . DEPTH (M) LIVING CARBON (ATP) POC 

MS 1 SFC 48 216 
15 Sl 161 
28 106 298 

MS 3 41 178 
15 65 194 
36 91' 218 

C-1 SFC SO 176 
20 80 172 

57 lyl 

MS 4 SFC 141 176 
27 78 151 
48 116 174 

HS 6 SFC _ 34 165 
20 85 144 
30 387 279 
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TABLE 16 (I~~erson and Woodmansee) 

AREA PHY". .'OPLANKTON SUMMARY 

(Grand mean over all depths and all stations in cells per liter) 

AREA STATION AREA STATION AREA STATION AREA AREA STATION 
I C-1 II C-2 III C-3 IV V C-4 

NET PHYTOPLANKTON 6,298 10,998 3,310 994 7,757 5,300 6,966 14,665 55,305 

NANNOPHYTOPLANKTON 3,527 1,981 1,854 1,611 4,196 1,472 4,933 1,212 2,296 

NET/NANNO 1.79 5.55 1.79 0 .62 1 .85 3.60 1 .41 12 .10 24 .09 
N 
N 
N 
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TABLE 17 (Iverson and Woodmansee) 

Phytoplankter V IV C-4 C-3 
#/L #/L #/L #/L 

Chaetoceros spp . 8~0 4240(2) 11,170(3) 7900(1) 

Leptocylindicus danicus 1160(3) 820 24,600(2) 830 

Nitzschia closterium 380 1530(4) 0 80 

Nitzschia delicatissima 31,400(1) 6390(1) 120,900(1) 1890(2) 

Rhizosolenia alata f . 
gracillima 720 1500 3430 990(4) 

Rhizosolenia fragilissima 940(4) 490 1680 70 

Thal as s ionema 
nitzschioides 19$0(2) 1890(3) 3600 1420(3) 

._ Thalassiothrix 
... :.,'.~~~~~Qi.z; a iuu 490 43UU(4) 310 

Table IZ, Concentrations of the dominant elements of the phytoplankton 
communities in Areas V and IV and at stations C-4 and C-3 . 



TABLE 18 . (Iverson acid Woodmansee) 

NET PHYTOPLAVKTON SUMMARY 

(Grand Mean over all deptzs, all stations, cells per liter) 

I C1 II C2 III . ., 

- - F - 362 926 Inca 

Species 

Cyclotella sp . 

Coscinodiscus eccentricus 10 - 20 13 111 

40 5 22 Dec . 

18 - 3 Dec . 

15 11 100 

67 35 297 

335 4 29 .47 

165 378 

65 110 

Hemiaulus Hau.kii 

Iiemiaulus Membranaceus 

Chaetoceros atlanticum 18 49 

101 200 Chaetoceros decipiens 

Chaetoceros compressum I 1405 5377 
N 

Chaetoceros didymum 9 - 30 22 120 41 

Bacteriastrum delicatulum 38 217 - 11 - 

Bacteriastrum hyalinum 259 189 71 5 48 3 

Leptocylindricus danicus 13 1b S 4 347 Inc . 

Rhizosolenio alata 42 70 38 12 685 

Rhizosolenio fragilissima 23 23 5 15 40 

Rhizosolenio stolterfothii 27 82 3 3 26 

Thalassionema nitzchioides 2 - - 8 98 Inc . 

Thalassiothrix frauenfoldi 3 1 3 12 38 Inc . 

Thalassiothrix mediterronea 2 - 1 - 93 Inc . 



Species I C:'. II C2 III 
I 

.Navicula spp . ~ > > > > , 

Syracosphaeva sp . ~ 446 22: . 93 101 43 

Gephyrocapsa Oceania ~ 1041 44 .' . 858 332 2964 Dec . 

Oscillatoria erythrae ` 698 408 219 100 69 Dec . N 
N 

TABLE 18, contd, 

I C L II C2 III 

Nitzschia closterium 28 13 76 53 112 

Oscillatoria erythrae 4509 330 2137 88 962 

NANNO PHYTOPLANKTON SUMMARY 

(Grand Mean ovler all depths, all stations, cells per liter) 

Inc . 

Dec . 
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Another kind of macro phytoplankton, sargassum weed, has properties 

and a life history that fit it particularly well to serve as a monitor 

for pollutants in sea water. Eighty-one samples of these algae, as well 

as benthic algae have been collected and archived for analysis or poten-

tial analysis of hydrocarbons or other constituents (Humor) . These 

pelagic forms fall into two species : Sargassimm fluitans , and Sargassum 

natans , which are closely related and tend to overlap . These large forms 

remain at the surface of the sea by flotation of their air sacs, and 

harbor an extraordinary community of organisms : bryozoa, mollusca, 

coelenterates, and fishes . Thus, "benthic" organisms axe exposed at the 

sea surface to films of oil at their most concentrated for long periods 

of time . The selected samples have been frozen in preparation for 

analysis . A species list of the algae has been prepared by S. Earle~ 

i 
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4 . Zooplankton (Maturo, Woocimansee group) 

The chief zooplankton species encountered in areas V and IV axe 

shown in Table 19 . Examination of the extensive tabulated data of Maturo 

and Woodmansee indicates that in -areas ' I and II, much lower bio-

masses ranging from 5 to 60 mg/m3 are typical . Although calanoid copepods 

remain prominent, other zooplankters, such as gastropod veligers, shrimp 

bivalve larvae, ostracods, tunicates (oikopleura),globigerina, fish larvae, 

and pteropods axe becoming significant . Area III falls in an 

intermediate position between I and II on the one hand, and IV and V on 

the other, yielding decreasing bivalve larvae, shrimp and other tunicates . 

In a very gross way, these relationships correlate also with ma.crofauna 

an the respective shelf area, insofar as impinging larvae and eggs are 

precursors of adult bivalves, ostracods, foraminifera, gastropods and fish . 

To grapple with the complex variations in zooplankton within lease 

tracts, Maturo, Hearne, Ingrain, Caldwell and Antonielli have developed an 

elaborate multivariate statistical program . This is used to study inter-

actions with canonical variables such as hydrocarbon gases, C3H8, C2H4, 

CHI (data of Sackett and Schink), sunlight, hour, depth, intra-lease tract, 

and inter-lease tract variables. Whereas hour and hydrocarbon gases did not 

show correlations, significant relationships were obtained with lease tract, 

'station, and, to a lesser extent, depth variables. 

To these variables one may wish to add another important one - time and 

changing water masses . 

Mangiordi (Maturo group) has briefly reviewed the literature on the 

effect of hydrocarbons on marine organisms, and, in particular, zooplankton . 

The main impacts are direct lethal toxicity, sublethal disruption of act-

ivities, effects of oil coatings, tainting and incorporation in food chains, 

and long-range changes of community. The great variability in organism 
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Category V N Category V IV 

Total Copepods 9277 6527 Euchaetg ' ; 57 71 

Paracalanus 3036 1586 Siphonophores 56 126 

Acartia 2170 585 Calanus 20 53 

Corycaeus 1699 353 gyz'ocystis 19 48 

Centropages 1320 x+83 Amphipods 15 29 

Appendicularius 742 - Hydromedusae _15 10 

Eucalanus 701 106 Sa1ps 14 252 

Cladocera x+97 19 Decapod larvae 11 26 

Oithona - 388 395 Ostracods 11 10 

Oncaea 367 496 Ceratium 7 51 

Sagitta 341 ' 138 Lucifer 
( 

Crab zoea 115 kg 
Megalops 4 5 

Gastropod 
veligers 112 136 Fish larvae 2 23 

Polychaetes 110 45 Foraminifera 1 2 

Pelecypod Copilia 1 4 
veligers 92 27 

Tintinnids 1 2 
Nauplii 72 39 

Egg cases 0 1 
Other calanoids 70 81 

Echinoderm 
Fish eggs 62 57 larvae 0 1 

Eute ina 61 20 Oikopleura 0 0 
(tunicate) 

189 101 

228 

Dry wt . mg/m3 

TABLE 19 . Mean zoopla.rikton examples for areas IV and V . 
Numbers/m3 . (Ma,turo and Woodmansee) 
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r 
behavior is cited. In the area of sublethal effects interference with 

chemoreaeption is suggested to be an effect of water-soluble components of 

petroleum products, particularly aromatic compounds . Microbial chemotaXis 

may also be affected, and affect the rate of degradation of organic sub- 

strates in the sea. Although there are few data on oil's effect on zoo- 

plankton, inferences from organisms as diverse as bacteria and fish leave 

open many possibilities . Oil slicks may reduce light penetration . Oil 

coatings have obviously adverse implications for marine organisms . Sug-

gestive evidence is cited that oil may be passed through the food chain to 

produce tainting or accumulate carcinogenic compounds . The discussions of 

Blumer at Woods Hole are noted with regard to the possibility that crude 

oil hydrocarbons may follow metabolic or systematic pathways along trails 

blazed by naturally synthesized hydrocarbons . Finally long-range changes 

of community owing to reduction of diversity (due to increase in more petro-

leum-resistant species) is discussed . Changes leading to increased 

resistance to oil may simultaneously change other factors altering an 

individual or faunal group's overall probability of survival . These fac-

tors are held to play significant roles in determining the ultimate effect 

of oil in the marine environment . 

In discussion Mangiordi points out that chronic sources of hydrocarbon 

pollution may be more severe than single dosage sources (spills, etc) . 

One may note that in at least one area the recently published "Petroleum 

in the Marine Environment" (National Academy of Sciences) takes issue with 

the above critique . It indicates that there is no evidence for food web 

magnification in the case of petroleum hydrocarbons in the marine environ-

ment . 
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01 
1 G . Hydrocarbons 

1 . Water column : sea water, zooplankton, suspended matter, and 
benthic organisms 

The composition and components of sea water are recognized as transient 

properties which may change markedly depending on current movements and 

systems, input of materials from the shore or the sea floor, the atmos-

phere - or, in the case of man's entry, from the surface of the sea . As 

a part of the baseline survey it was regarded as desirable to evaluate the 

hydrocarbon composition of the water column as reflecting a state of semi-

equilibrium or exchange with a "normal," or pre-drilling state environment 

in the eastern Gulf. 

Sea water and zoanlankton (Calder) 

Hydrocarbons in water samples over the MAFLA tract showed no consistent 

trends with depth for either the aliphatic or aromatic fractions of any 

particular station . Nor were unique hydrocarbon concentrations found in 

different geographic lease areas ; concentrations were extremely low and not 

far from the limit of analytical detectability . Some typical data, in this 

case from area III (Destin Dome) are shown in Tables 20 and 21 . Similar 

results were obtained for zooplankton. Whereas aliphatic hydrocarbons tend 

to have rather similar concentrations at different depths, the aromatics 

vary widely . The lack of consistent relationships between concentration 

of aliphatics or aromatics in water and plankton may be either introduced 

by dietary hydrocarbons or zooplankton synthesis of endogenous hydrocarbon . 



TABLE 20 . Hydrocarbon properties for water column stations 7 and 9 
(MS refers to master stations), Destin Dome area. Data 
of Calder . 

n-Paraffin/ 
c16 

MS7 MS 9 

197 60 .4 
28 .1 105 . 

NA NA 
149 89 .4 

NA '' NA 
54 .9 248 

Odd/Even n-Paraffin/ 
n-Paraffin Phytane 
ras7 Ms9 Mss Ms9 

1.14 0 .82 53 .3 73 .5 
1.43 1.40 49 .7 244 

0 .97 1.11 150 56 .8 
o .94 1.11 1950 355 

NA 1.02 17A 39 .5 
1.14 1 .06 44 .5 1020 

C18/PHY PRI:;/PHY 
Ms7 Ms9 Ms7 Ms9 

1 .41+ 1.34 0 .73 1.13 
1.54 2 .06 73 .9 184 

2 .35 1.69 NA NA 
3.60 2.58 55 .3 99 .5 

NA 2.42 NA 1.17 
1.50 2.83 9 "07 33 .9 

C17/PRIS 
M57 159 

1.22 0 .98 
0.06 0 .10 

NA NA 
0.18 0.15 

NA 1.02 
0.24 0 .x+9 

Bottom : Water 
Zoopl 

N 
W 
N 

n-Paraffin range Max n-Paraff: _n Aromatic range Max Aromatic 
M.57 Ms9 Ms7 Ms9 ~ 157 Ms9 Ms7 Ms9 

Surface : Water 16-31 15-30 23,2+ 21 21 .5-29 .6 16 .6-31 .0 29 .6 21 .6 

Zoopl 15-25 13-31 21 2:5 15 .9-25 .1+ 14 .1-29 .7 21 .1 27 .0 

Mid : Water 18-28 18-28 25 25 21 .8-29 .6 26 .0(only) 29 .6 26 .0 

Zoopl 13-30 13-30 25,26 2 5 13 .4-29 .1 12 .3-29 .1 14 .0 22 .6 

Bottom : Water NA 17-29 NA 25,?6 NA 16 .5-29 .5 NA 29 .5 
Zoopl 15-30 12-31 25 2~ 16 .1-29 .7 12 .0-27 .6 27 .5 22 .6 

r.~.,.,.e . . _ . ._ 7 . . ~ . . . 7 . . . . 71 . . 711.-Fr . 

Surface : Water 
Zoopl 

Mid : Water 
Zoopl 



TABLE 21 . Gravimetric data for hydrocarbons in water and zooplankton, 
water stations 7 and 9, Destin Dome (Calder) . Concentrations 
in original sample ' 

Aliphatics 
Ms7 Ms9 

Surface : Water 2 .25 0 .38 ug/1 

Zoopl 0.10 0 .31 mg/g 

Mid : Water 3.1 3 .75 

zooPi 1.63 o.ko 

Bottom: Water Lost 4.63 

Zoopl 0.34 o.42 

i 
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Aromatics 
Ms7 Ms9 

3.23 0.70 ug/1 

0.10 3.77 

0.13 3.00 

4.47 0.75 

Lost 1.63 

0.72 0.57 
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Water column : light hydrocarbons (Sackett, Schink and Brooks) 

i 
Two types of investigations were carried out, The first, done in May, 

in conjunction with retrieval of water samples for other purposes, recovered 

111 water samples from surface, middle, and bottom layers of the water 

column . These samples were extracted and subsequently analyzed in the 

laboratory at Texas A&M University, Department of Oceanography . Results 

showed that virtually all samples yielded levels of hydrocarbon that could 

be expected for equilibrium with the atmosphere (Table 22) . 

In June the Texas A&M "sniffer" system, incorporating underway recovery 

of surface water by means of a hose and pump, was put aboard the MISS 

FREEPORT for the cruise from St . Petersburg back to Galveston via Panama 

City (June) . On this occasion hydrocarbon levels from two to 20 times 

equilibrium were obtained in areas III, IV, and V. Areas I and II had 

near equilibrium values . Additional rechecks were performed for stations 

A4, A5, and A6, south of area V in late June confirmed the enhanced concen-

trations . 

One explanation of these results might be that the hydrocarbons reported 

in June represent pollutants carried by the Mississippi River and dispersed 

in the Gulf . However, in view of the relatively rapid loss of light hydro-

.caxbons to the atmosphere in the upper water column (scrubbed by air in 

the wave zone), this is not regarded as likely . Sudden sea floor emanations 

over the large area in question also seem unlikely . More probably, the 

light hydrocarbons emanate from water masses in the vicinity of the oil 

production platforms around the Mississippi Delta (see dashed line, Figure 

1) . This explanation is supported by anomalously low salinities recorded 

around Panama City in early June (D . Wallace, personal communication), 

indicating that a mass of river-freshened water had moved eastward, 



TABLE 22, Dissolved Light by hydrocarbons 
in the wat .r column 
(Sackett, ichink and Brooks) 

Sample and Depth /Method Coordinates 

MS 1, 5/74, O. m SM 35 27 t t 6 .4 --- --- ~ '--- 27°45N 83028W 
-- 37 a~ --~- 7 .5 ~--- --- --- 

" 15 m SM 36 23 a --~- 5 .4 --- --- ---
-- 26 a --~- 7 .5 --- --- ---

28 m SM . 3 6 2 3 ' a --~- 8 .8 --- --- --- 
--- 7 .4 a --~- 12 --- --- --- 

MS 2, 5/74, 0 m SM 49 25 5 .4 --~~ 8 .0 -~- --- ~ --- 27052N 8303451 
' -- 22 5 .4 --~- 8 .0 --- --- --- 

15 m SM 50 18 a --~- 6 .4 --- --- ---
57 13 a --~" 5 .6 --- --- ---

30 m SM ~ 33 14 a --~~ 5 .6 --- --- 

ms 3, 5/74, 0 m SM 52 22 a --~~ 8 .0 --- --- --- 27056N 83043W 
15 m SM . 35 19 a ~ -- " ~ 8 .0 --- --- --- ~ . 

-- 2 4 a , ---~ 11 --- --- ---
36 m SM ' 33 ~ 8,3 a ---~ 7 .3 --- --- --- 

MS 4, 6/74, 0 m SM 84 21 t 0 .11 8 .0 --- --- --- 28°21id 84°24W 
27 m SM 39 7,2 t t 3 .2 --- --- --- 
48 m SM 29 ~ 3 .6 a -- " ~ 2 .4 --- ~ --- --- 

MS 5, 6/74, 0 m SM 45 24 t 4.1 ; 4 .0 --- --- --- 28°29N 84°2141 
-- 15 t t ? .0 --- --- --- 

25 m SM 37 9 .9 t 3 . 7 --- --- ---
-- 12 t t 4,0 ~--- ' --- ~ ---

40 m SM 42 5.4 t t 2,4 --- --- --- 

MS 6, 6.74, 0 m SM 41 35 a 6.< : 3 .8 --- ~ --- --- 28°43IJ 84°20W 
47 1S a t 3 .2 --- --- --- 

20 m SM~ 34, 14 3 .6 t 3 .9 --- --- ---
33 9.4 t t 3 .4 --- --- 

30 m SM 30 .'7 .2 2 .~0 t 4 .8 -~- --- ---
-- ' 7 .4 t t - --- ~ --- --- 

Concentrations in :dannoliters/Liter 

CH4 I C2Fi4 I CA I C3"6 I C3H8 1 l-C4H10 I C4H8 1 n-C4H10 



N.S 7, 5/74, ' . O .m SM~ 40 18 ~ a ~ ~ 1 . .G 3 .2 --- --- ~ --- 29°43N 86°O1W 
42 7 .2 a ~ 1 .0 3 .4 --- --- 

18 m 'S:2 35 6 .7 a . --- 2 .4 --- ---
41 8 .5 a 3 .2 --- --- 

35 m sm 34 Il ' a --- 4,0 --- --- --- 

.S 8, 5/74, 0 m SM ~ .49 ~ 13 t --- ~ 2 .4 --- ~ . --- =-- 2 9'° 4 41N 8 6 0 107 
22 m sm 34 16 a --- 3 .2 -- --- --- 

38 a 4 .0 
' 45 m sm 34 2.7 a --- 2 .4 --- --- ---

38 4 .1 a --- 2.4 --- --- --- 

N.S 9, 5/74, 0 n sm 36 30 t --- 3 .6 --- --- --- 29052: 86016w 
3 8 9 .0 t . --- 3 .6 --- ' --- --- 

,v 26 m sm 44 4.1 a --- 3.6 --- --- ---
u' ' 4 8 9.5 a 3.6 -__ --- ---u, . 

5 5 m SM 3 0 2 .7 --- --- 1 .8 --- --- ---
44 ' 3 .2 --- --- 1 .8 --- --- 

. IA 4, 5/74, 1 m . S :~1 ~ 49 16 --- ~--- 4,0 --- --- --- 29017N 87°40' W 
2 8 m SM 4 4 14 --- ~--- 3 .2 --- -=-' ---
245 m sm ~53 2.7 --- ~--- 2 .4 --- 

IA 5, 5/74, ,1 m . SCI 58 t 49 ~--- 8.0 ' --- --- --- 29017N 88026j"7 
4 6 r1 S.: 5 6 16C ; " "-- - 4 .-8 --- --- 
60 

--- ' 
~ --- ~--- --- ~ -.-- --- --- ' m sm ~ 4 9 4 .5 

IA 6, 5/74, 1 m S.2 ~ ~ 53 14 7.2 t' 4 .0 --- --- --- 29020N 88045W 
8 m sm 95 t 63 ""-- ' 8 .0 --- --- 

47 m SM ~ 29 5 .8 --- 4 .0 ~--- --- --- . 

~ . , . ~ . 

TABLE 22, contd, 

Concentrat ions in 2:annoliters/Liter , 
Sample and Depth Method Coordinates 

CH 4 C2H4 CZH6 C3H6 C3H8 i-C4H10 ~ C4H$ n-CQH1O . 



1 12, 5/74 1 :n S^2 54 10 --- ~ --- 3.2 --- --- --- 29646N 87°54W 
- 25 :a S:1 3 9 8 . 0 ---- --- 4.0 --= ' --- 
34 m S. I . 4 2 8 .0 . --- --- ' t --- --- ~ --- 

TABLE 22 . contd . 

Concentrations in :Jannoliters/Liter 
Sample and Depth Method Coordinates 

CH4 CZFi4 C2H6 
C,3"6 C3H$ i-CSHl0 CtH$ n-C4"10 

C 1, 6/74 1 m SM 45 . 18 --- ~ ~--- ~ 6 .4 =-= --- ~--- 28°13N 84°03W 
4 5 16 , --- --- 4 .0 --,- --- 

20 
---

m ~ Sr1 5 0 14 --= ~ --- 4 .0 --- --- ~ ---
' ~ . 53 . 14 --- 

- 
--- 4 .0 --- 

36 
--- ---

ri SM 43 6 .3 . --- 4 .0 
36 3 .6 --- --- 4 .0 --- --- ' --- 

C 2, 5/74, 5 m SM -- 14 ~ 7,2 --- 2 .4 --- --= --- 29928N 8505011 
3 0 m SM 65 -9 .4 --- ~ --- 3 .6 - -=- --- '---
38 m SM 58 4:4 5 .5 --- 6 .0 --- --- --- 

C 3, 5/74, 1 ~m . Sri ~ . 42 14 ~ t 1 .6 5 .6 --- --- ~--- ~ 29°57N-87°lOW 
23 m SM -- 7 .2 --- 1 .6 3 .6 --- --- --- 
51 m SIM 3 3 ~ 14 - --= 1 .6 2 .4 --- ' ~ --- --- 

C 4, 5/74, 1 :n S lei 40 t 99 --- 10 --- --- . --- 29°33N~ 88°131-1 
22 m St: 42 , 13 --- t 4,0 --- --- --- 
38 m SM ~ 2 5 7 .2 --- t ~ ~ 2 .8 --- --- --- 

I 10, 5/74, 1 m S:i ' 51 6 .2 --- --- 2 .4, --- --- ---' 29°36N 87°25W 
18 m S:4 45 12 --- --- 3.2 --- ---~ . --- 
69 n SM 37 5 .4 ~ --- --- 1 .2 --- --- --- 

I 11, 5/74, .1 m ~ SM 56 8 .0 --- ---~ 3 .2 --- --- --- 29°41N 87°4011 
11 m SM 45 ' 3 .0 --- --- 2 .4 --- --- 7-- 
30 m SM 7 0 12 ' ~-- --- 2 .4 --- ~ ~ --- ~ --- . ~ . 



Coordinates 

TABLE 22 . contd . 

Sale and Depth Method 
CZFi4 ! C2 H6 I C3 H-6 I C3H$ 1 i-C4H10 1 C4x8 I n-C4"10 CH 4 

1 13, 5/74 1 m SM 40 14 80 --- 3 .2 --- --- --- 29057N 88014W 
18 m SM 50 11~ --- t 2 .0 --- --- --- 
26 m SM 34' 15 --- 1 .6 6 .8 , --- --- --- 

1 14, 5/74, 1 m SM 42 16 --- --- 5 .6 --- 29°56N 88024W 
12 m SM 49 180 --- 24--- --- ---26 

m Sri 36 8 .1 --- --- 8 .8 --- --= --- 

1'15, 5/74,' 1 m SM 36 15 ,3 .6 4 .8 --- --- --- 29°56N 88933P7 
10 m S14 51 12 --- --- 4,0 --- --- --- 
20 m 8. S 5 9 4 .5 4 .0 --- --- --- 

A 5, 6/74 1 m SM~ . 82 . 51 51 3 .0 20 - - - .29017N 88026W 
8 m SM 365 b ' 25 5 .0 . 14 - - - " ' 

56 m Sbi 465 b 660 t 175 
V 

A 4, 6/74 1 m SM 44 . 40 9 .0 L4 13 - - - 29017N 87040W 
169 m S.1 46 t t ? .0 ., ' 2 .0 . - - - 
340 m S14 41 t t 3 .0 16 - - 

A 6, 6/74 1 m S L%1 61 50 55 . :-3 27 - - ' - 29020N 880454 
19 m Sid 94 48 57 6 .0 13 
43 m Sri 55 11 7 .0 :'. .0 6 .0 - 

A 7, 6/74 1 m Ski 2200 51 37 11,0 17 . - - - . ; 28955N 88050W , 
28 m SrI ,249 40 ~91 11 .0 12 - - - 

320 m SM 45 t t ~ .0 3 .0 - - 

'_ ::=mcAullife (1971) D:ethod ; S=swinnerton and Linnenb :)m (1967) Method ; .SM=Methane analyzed by'McAulIife and 
C2 and greater analyzed by Swinr.erton and Linne-ibo:n . 

2Co:.can- :ations expressed in rannoliters (10"9)ot gay at STP per liter of sea water . 
indicates analysis of the component was not o : :)tained ; (----) indicates component was below detection 

1--:i ts o ° the method emnloved, 
a = !Z: ::e .̂e peak :.asked methane peak . , ' . 
b = Z' ; ::ar.e peak maskcd Et : ene peak . 
c = Insufficient separation of Ethane and Ethene to identify peak . 
(y = Brackets indicate oily a tentative identification of peak . . . 
*Concentrations are averages of two duplicate sarhples . 

' Concentra :ions in :tannoliters/Liter 
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carrying with it regional waters containing anomalous concentrations of 

hydrocarbons . 

These observations suggest several conclusions . 

1) Measurements of hydrocarbons in water at . given locations may be 

less meaningful than identifying hydrocarbons in water masses . 

2) No significant amount of hydrocarbon seepage or other emanations 

were observed over the leased tracts, including the Destin Dome, 

at a time when there was no communication with oilfield-influences 

waters to the west . 

3) Routine monitoring of low-molecular weight hydrocarbons in the 

i MAFLA lease areas should be done only if and when oil and natural I 

gas are discovered . 

Further data on high molecular weight hydrocarbons in zooplankton 

-- Wy ."V C15 . nr uui,ea tinati concentration of 

hydrocarbon in net plankton greater than 202u averaged .31 mg/9 for the 

aliphatic fraction and 1.79 mg/9 for the aromatic fraction (Table 23) . 

Mass spectrometer and hydrogenation data indicate that these are probably 

polyolefins . The principal aliphatic hydrocarbon was always pristane, 

which is probably derived from the phytol portion of phytoplankton chloro-

phyll . Hence the low C17/pristane ratios in zooplankton, averaging 

0.13 ± .10. Pristane/phytane was high, averaging 167 + 156 . Areas IV 

and V have much higher pristane/phytane averages than do areas I and II . 

No petroleum contamination, including tar balls, was noted on plank- 

ton or nets . 

High molecular weight hydrocarbons in the water samples ranged from 

.08 to 7 .23 ug/1 in the hexane fraction, with an average of 2 .1 11g/l . The 

i benzene fraction (aromatic and polyolefinic hydrocarbons) ranged from 
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TABLE 23,' . (Calder) 

SUMMARY OF DISSOLVED HIGH MOLECULAR WEIGHT HYDROCARBON DATA 

AREAS 
TOTAL SAMPLES 1 2 3 j 4 S ALL SURFACE ALL MID ALL BOTTOM i 

I 
Water Hex. Frac. 
(Cone. ug/1) 2 .10±1 .55 1.11t .73 3 .01t2 .63 2 .8211 .62 11 .27± .88 2 .60±.86 1 .7311 .12 2 .2111.88 2.2111 .55 
Water Benz.Frac . , I 
(Cone . ug/1) 2 .06±1 .85 3 .4413 .02 2 .28±2 .26 1 .74±1 .37 ' 1 .55± .52 2 .0031 .64 2 .8612 .22 1 .6131 .51 . 1.48±1 .30 
Water C17 Pris . 1 .52±1 .13 2 .89±2 .20 2 .17± .77 1 .071 .13 j1 .29t .68 1 .311 .43 1 .6611 .66 1 .56±,91 1.33± .54 
Water Clg Phyt . 1 .713 .43 1 .701 .21 2 .18± .70 1.85± .51 . 11 .771.52 ' 1 .64±.27 1 .591 .25 1 .93± .52 1 .58± .39 
Water Pris/Phyt 2 .14± .37 .82± .41 1 .34f .29 1 .01± .24 '1 .371 .18 1 .381 .43 1 .121 .43 1 .09± .37 1.221 .30 
Water n-par/phyt 47 .44±34 .79 30.63118 .23 19 .24±3.46 74 .62±43 .84 '43 .06±17 .02 78 .58±44 .49 42 .52±30.83 46.95±34 .26 52.93±40 .93 
Water n-par/C16 55 .56±49 .39 33.63131 .81 15 .58±9 .78 128,55±96 .38 41 .80±32 .39 75 .14136 .54 66 .26±60 .03 40.73t22 .44 58.87158 .25 
Water 0/E 0 .991 .19 .95± .14 1 .131 .38 1 .01± .13 ~ .97t .11 .y3t.21 1 .061 .26 .961 .14 .941 .15 
DOC mgC/1 
(From Knauer) --- 1 .81± .52 1 .101 .30 1.95± .73. X2 .14± .86 4,00±2 .11 2 .67±1 .55 2 .071,94 1.7611 .09 
Hex.Frac/DOC 
.g/mgC --- .61 2 .74 1.45 1,58 .65 .65 1 .07 1.26 

Benz .Frac .ug/mgC --- 1 .90 2 .07 ' .89 1 .71 .SO 1 .07 .78 .84 

. ~ . 
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appeared in essentially all organisms . Biogenic hydrocarbons such as pris-

240 

.08 to 8 .4 u g/1 . Normalized to total DOC, area II had the highest average 

aromatic concentrations and area IV the lowest . The chromatographic 

spectra were among the least complex observed, suggesting that the hydro- 

carbons may be of recent biosynthetic origin . None of the water samples 

showed clear evidence of petroleum-derived hydrocarbons . 

Particulate hydrocarbons ~(Pierce) 

Approximately 50 1 of sea water was passed through .3uglass fiber 

filters . Lipids were extracted from the filters with CHC13/MeOH and the 

extract analyzed by gas chromatography . Results showed that samples C-1 

through 6 had total lipid concentration in the range of .l to .5 mg total 

sample (2-10 ug/1) . Samples MS-7 and MS-9 (area III) had less than .1 

mg/sample . Aliphatics were not detected below .OS mg/sample . Aromatic 

hydrocarbons were DresPn+ I n ~nnrcnt,+ot; .. .+ .~ . :r. " ~- .1' -- Leg/--------" -- ., .. .. , oauiylc iu i4a-y 

and .13 mg/sample in MS-7 . Petroleum hydrocarbons were not indicated from 

the chromatographic results . From sites C-3, C-4, 10, 12, 13, and 15 

(areas IV and V) similar lipids were obtained . However, here all sites 

showed .O1 mg to .05 mg aliphatic hydrocarbons/sample ( .2-1 .0 ug/1) . Aro- 

matic hydrocarbons gave the same 3-peak pattern as before . The unresolved 

aliphatic envelope from n-C1$ to n-C30 suggests weathered petroleum hydro-

carbons stemming from low-level, chronic influx . 

Benthic organisms (Meyers) 

According to data on benthic organisms(Meyers) Table 21+), most 

organisms studied contained considerably larger amounts of unsaturated hydro- 

carbons than saturated hydrocarbons, and the sane group of the former 



i 

241 

i TABLE 24 . (Meyers) 

HYDROCARBONS IN BENTHIC MACROFAUNA 

Lease Area Individuals I (aliphatics/lipids) % (aromatic/lipids) 

1 7 0 .04 to 0 .66 0 .29 to 0 .97 

II 7 0 .05 to 0 .38 0 .05 to 3 .70 

III 3 0 .15 to 0 .28 0 .33 to 2 .30 

IV 10 0 .05 to 0 .70 0 .27 to 2 .33 

V 2 0 .32 to 0 .69 1 .02 to 1 .34 
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tare and squalene were important components . No series of homologous n-alkanes 

resembling Gulf trades were evident . Thus, a variety of organisms including 

shellfish, echinoderms and sponges, indicated no evidence of chronic 

or severe petroleum pollution . Note, however, the algal data of Lytle and 

Lytle from area IV . 

2 . - Sediments (Lytle & Lytle) 

65 samples, or one for each master box core station (plus archive 

samples) were collected for sediment hydrocarbon study . Organic carbon, 

lipid, and aliphatic and aromatic data (gravimetric) indicated that most 

samples would be amenable to analysis . There appears to be relatively 

little aliphatic/aromatic variation in area I, suggesting a uniform 

source for hydrocarbons in tYie area . (Tables 24 and 26a-e.) Table 25 

indicates that aromatic hydrocarbons are more abundant in peripheral stations 

than in the center of the area . The isoprenoid parameters of the lipids 

(Table27 ) suggest that in areas I-III organic sources of hydrocarbons such 

as algae or plankton are more likely than petroleum hydrocarbons . On the 

other hand, all of area V and a part of area IV (stations 15-20) contain an 

envelope of aliphatics containing appreciable quantities of C14- C20 n-alkanes 

with a fairly smooth distribution (compare Figures 8 and 9), The alkane 

distribution and the isoprenoid ratios are those typical of sediments that 

have been exposed to crude oil . The petroleum-like hydrocarbons have been 

weathered only slightly . More severe weathering would cause relatively 

lower C 
l4 

- C20 concentrations and the C17/pristane and phytane ratios would 

be correspondingly lower . The pristane/phytane ratio average is in agree-

went with oils produced in the Gulf . The dual maxima, at C17 and C29in the 
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. Table 25 . (Lytl' and Lyt 1e) 

Comparison of Gravinetric Data Am)ng Lease Areas 

Lease % Lipid/ % Aliph/ " ppm Aliph/ I Arom/ pprn Arom/ I Org . C I C03= 
Area . Sed Lipid Sed Lipid Sed 

I 0 .147 1 .14 17 .41 1 .55 21 .31 3 .60 86 .42 

II 0 .086 '1 .22 10 .25 1 .92 15 .96 2 .08 85 .92 

III 0 .473 ' 1 .43 5 .09 1 .78 6 .20 1.42 71 .0 

IV 0 .019 2 .1E 5 .45 1 .91 3 .33 0 .77 56 .36 

V 0 .028 , 3 .21 7 .69 2 .56 6 .16 0 .58 - 



TAB'2 26 

' Leas a Site I 

Station # Dry Weight Percent Percent Weight Weight j7eight 
Sediment (g) Carbonate Organic Lipids (g) Aliphatic Aromatic 

-'Carbon* Hydrocarbons (g) Hydrocarbons (g) 

~55 177.2 91 .8 . 6 .63 0 .4305 0.00727 0 .00875 

56 196.4 . 89 .9 3 .91 0 .2734 0.00293 0 .00413 

57 .238 .9 89 .3 3 .96 0 .677 0.00433 0 .00573 

58 47 .43 97 .2 5.92 0 .098 0 .00128 0 .00114 

59 Dredge Sample 

60 752 .9' 62 .5 1.82 0 .315 0 .00304 0.00427 

61 240 .9 88 .3 2 .54 0 .41125 0 .00402 . . 0 .00572 

62 40 .35 96 .27 4 .28 0 .03375 0 .00128 

63 328.97 84 .2 1 :63 0 .337 0 .00473 0 .00338 

64 368.7 83 .5 4 .34 0 .33925 0.00391 0 .00511 

65 434 .0 81 .2' 0 .90 0 .35625 0.00431 0 .00407 

*on a carbonate-free basis 



'TABLE 26 contd . 

Lease Site II 

Station # Dry Weight . Percent Percent :deignt Weight Weight 
Sediment (g) Carbonate Organic Lipids (g) Aliphatic Aromatic 

Carbon* Hydrocarbons (g) Hydrocarbons (g) 

42 471 .7 77 .6 1 .06 0 .09385 0 .00111 0 .0013E -

43 No Sample 

44 148 .5 92 .6 2 .33 0 .10275 0 .00171 0 .00318 

45 496 .0 77 .5 1 .24 ~ 0 .18075 0 .00215 0 .00420 

46 801 .5 63 .8' 0 .52 0 .28175 0 .00377 ' 0 .00359 

47 42 .18 97 .7 0 .0925 0 .00132 0 .00154 

48 371 .0 33 .7 1 .91 0 .1686 0 .00221 0 .00376 

49 73 .0 93 .4 2 .77 0 .06125 0 .00098 .0 .001646 

50 200 .8 90 .3 2 .59 0 .2005 0 .00161 0 .00217 

51 No Sample 

52 158 .27 91 .5 .3 .54 0 .24363 0 .00189 0 .0007 

53 213 .6 91 .1 2 .82 0 .2055 0 .00192 0 .00342 

54 No Sample 

*on a carbonate-free basis 



", .. TABLE 26 -contd . 

Lease Site III 

Station # Dry Weight Percent .Percent Weight 
Sediment (g) -'-Carbonate Organic Lipids (g) 

Carbon* 

21 467 .8 80 .8 1 .95 0 .19175 

22 193 .6 `92 .5 4 .15 0 .31112 

23 641 .83 1 .66 0 .837 

24 503 .46 2 .27 0 .47875 

25 571 .6 76 .6 2 .17 0 .1931 

26 665 .33 0 .59 0 .2385 

27 473 .2 76 .2 2 .32 0 .32775 

28 210 .96 90 .3 2 .12 0 .1016 

. 29 464 .5 67 .8 1 .78 0 .2000 

30 395 .4 78 .0 1 .43 0 .13925 

31 239 .2 89 .7 2 .21 0 .0955 

32 No Sample 

33 152 .06 93 .0 2 .74 0 .1485 

34 364 .6 78 .0' 0 .62 0 .08725 

35 597 .9 74 .3 0 .43 0 .10500 

ion a carbonate-free basis 

Weight Weight 
Aliphatic Aromatic 
Hydrocarbons (g) Fydrocarbons (g) 

0 .00296 0 .00493 

0 .00407 0 .00283 

0 .00301 0 .00353 

0 .00043 0 .00089 

0 .00265 0 .00364 

0 .00250 0 .00261 

0 .00217 0 .00251 

0 :00155 .0 .00250 

0 .00209 0 .00291 

0 .00233 0 .00137 

0 .00225 0 .00203 

0 .00149' 0 .00342 

0 .0008 0 .00102 

0.00218 0 .00206 
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CAF LE 26 contd . 

Lease Site III Cont'd 

Station # Dry Weight Percent Percent Weight Weight Weight 
Sediment (g) -Carbonate Organic Lipids (g) Aliphatic Aromatic 

(;arbon* ~ Hydrocarbons (g) Hydrocarbons (g) 

' . 36 730 .3 70 .3 0 .59 0 .1490 0 .00206 0 .00243 

37 589 .5 , 72 .2 0 .49 0 .09425 0 .00193 0 .00243 

38 572 .89 71 .4 0 .41 0 .0921 0 .0154 0 .00168 

39 1126 .6 30 .1 0 .14 0 .0631 0 .00133 0 .00177 

40 1296 .6 48 .3 0 .21 0 .15325 0 .00232 ~ 0 .00356 

41 1473 .9 17 .5 0 .14 0 .07838 0 .00230 -! 0 .00316 

.L~ 
V 

*on a carbonate-free basis 



TABLE 26 contd . 

Lease Site IV 

Station # Dry Weight ._ Percent . Percent Weight Weight Weight 
Sediment (g) `,--Carbonate Organic Lipids (g) Aliphatic Aroi-natic 

Caroon~ Hydrocarbons (g) Hydrocarbons (g) 

11 1427 .24 0 .10 0 .03162 0 .00059 0 .00088 

12 1664 .2 39 .8 0 .13 .0 .0386 0 .00155 0 .00170 

13 2271 .27 . 0 .03 .0 .13375** 0 .00014 0 .00021 

14 2355 .1 10 .6 0 .06 0 .04188 0 .00020 0 .00025 . 

15 2457 .2, 13 .2 0 .12 0 .254 0 .00190 ' 0 .00120 

16 ' 2572 .7 0 .05 0 .125 0 .00016 0 .00039 

17 312 .74 1 .33 0 .2445 0 .00626 0 .00311 

°° ' 18 201 .0 ' 93 .1 . 2 .29 0 .0755 0 .00315 0 .00183 

19 - ---244 .9 92 .4 2 .13 0 .0283 0 .00111 0 .00134 

20 344 .9 89 .1 1 .41 0 .10983 0 .00414 0 .00216 

*on a carbonate-free basis 

** Approximately 4/5 of the lipid spilled in work up . 



f TABLE 26 c :)ntd . 

Lease Site V 

Station # Dry Weight .. ` Percent Percent `weight Weight Weight 
Sediment (g) ~ Carbonate Organic L: .pids (g) Aliphatic Aromatic 

Carbon*' Hydrocarbons (g) Hydrocarbons (g) 

" 1 456 .65 0 .63 0 .1512 . 0 .003625 0 .00435 

2 722 .7 0 .75 0 .2377 0 .00421 0 .00462 

3 409 .0 0.80 0 .138 0 .00574 0 .00472 

4 271.92 0 .74 0 .07375 0 .0047.8 , 0 .00328 

5 1311 .7 0 .79 C .73144 0.01025 ' ' . 0 .00717 

6 1507 .3 0 .43 0 .00916 0 .00474 

72023.7 0 .54 t~ .5906 0.01288 0 .01436 ._ , .. . . 
o 8 2043 .0 0 .23 C .4706 0 .01037 .a .00549 

9 1991 .0 0 .30 C .06812 0 .00240 0 .00220 

10 988 .43 0 .61 C .1016 0 .00489 0 .00257 

*on a carbonate-free basis 



TABLE 27 

Isoprenoid Ratios* in Sediment Aliphatic Hydrocarbons 

. . 250 

Station No . Cl7/Pristane 

1 2 .25 
2 2 .5 
3 2 .25 
4 2 .3 
S 2 .14 i 
6 2 .17 
7 1 .5 
8 1 .'56 
9 . 1 .6 

10 2 .33 
11 2 .86 
12 2 .73 
13 1 .36 
14 Too Small 
15 2 .85 
16 2 .2 
17 4 .75 
18 2.4 
19 2 .5 
20 2.8 
21 3 .0 
22 3 .29 
23 5 .25 
24 4 
25 2 .71 
26 4 
27 2 .88 
28 2 .88 
29 4 .1 
30' 2 .33 
31 4 .4 
33 2 .12 
34 2 .38 
35 3 .14 
36 - 2 .14 
37 3 .08 
38 3 .75 
39 4 
40 4.29 
41 5.5 
42 3.2 
44 3 .6 
45 3.5 

j 46 4.38 
47 5 .6 

L 

L 

X18/phytane pristane/phytane 

3 2 
2 .75 1 .5 
4 2 
3 .6 2 
3 .3 2 .33 
2 1 .5 
2 1 .6 
2 .6 1 .8 
3 2 .5 
3 1 .5 
2 .17 1 .17 
3 .57 2 .14 
1.5 1 .4 

3 1 .4 
2 1.67 
3 1 .6 
2 .57 1.43 
2 .83 1 .67 
5 .5 2 .5 
6 .5 2 .5 
8 3 .5 
S 2 
o .i 
14 _ 7 
6 .5 1 .87 
10.67 2 .67 
7 .33 5 .33 
4 .67 1 .66 
2 .8 1 .2 
9 .14 2 .86 
5 .6 3 .2 
3 .17 1 .3 
10 4 .67 
4 2.33 
6.75 3 .25 
18 8 . 
6 2 
5 2.33 
5 3 
3 .6 2 
4 2 
6 .8 3 .2 
3 .22 0 .89 
8 .39 2 .42 
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TABLE 27 contd . 

Isoprenoid Ratios* in Sediment Aliphatic Hydrocarbons 

01 
Station No . C17/Pristane X18/phytane pristaae/phytane 

48 6 16 .43 3 .57 
49 6 .96 4 .5 2 .33 
50 3 .08 6 .5 3 .25 
52 3 7 .5 3 .5 
53 5 .0 ~ 8 .57 0 .57 
55 22 9 0 .67 
5G 70 5 .62 . 0 .5 
57 100 12 0 .5 
58 6 .14 3 .67 1 .83 
E0 16 .67 1 .2 0 .3G 
61 17 2 0 .5 
63 3 .5 4 2 
G4 14 .29 1 .67 1 .17 
G5 10 .67 1 .0 0 .75 

*Ratios were computed from planimetric calculation of component 
concentration using the peak and upper boundary of the unresolved 
envelope on FLAP chromatograms as the area . 

fr 

. . 
I 
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FIGURE 8 . Chromatogram of"Yydrocarbon extract 
from sediment, station. l2, area IT 

(Lytle and Lytle} 
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FIGURE 9. Chromatogram of hydrocarbon extract 
from sediment, station 55, area I 

(Lytle and Lytle) 
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TABLE 28 
(Lytle and Lytle) 

Identification of Algae 

Identification of dredge samples for Chemistry Section by Dr . Lionel 
N . Eleuterius, 14 January 1975 . 

Division Phaeophyta (brown algae) 
Division Rhodophyta (red algae) 1 
Division Chlorophyta (green algae) 

Lease Site Plant Animal 

I #59 
Sargassum filipendula (brown alga) 

#59 
Gracilaria sp . (probably domingensis ) 

(red alga) 

II #45 . . 
Rhodymenia sp . (red alga) Bugula sp . (Bryozoan) 

(probably Pseudopalmata) 

446 
Padina vickersiae (brown alga) Class Ectoprocta 
Halimeda favulosa (green alga) 
Pterocladia bartletii (red alga) 

#49 _-__ 
Sargassum sp . (brown alga) ~iembranipora sp . 
Thalassia testudinum (rhizome) 

(flowering plant) 
Hal my enia sp . (red alga) 

#351 
FIalimeda favulosa (green alga) 
Dictyota sp . (brown alga) 
Spyridia sp . (red alga) 

III _ #34 
Padina vickersiae (brown alga) Bu ula sp . (Bryozoan) 

Serptularella sp . 
Halecuim sp . 

#39 . . . 
Leptofauchea rhod5menioides :(red .alga) -Bu ula sp . (Bryozoan) 
Gracilaria sp . (red alga) 

#41 
Gymnogongrus sp . (red alga) Class Ectoprocta 
Halimeda sp . (green alga) Serpula sp . (worm tubes) 

IV #13 
Goniolithon sp . (red alga) Class Ectoprocta 
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TABLE 29 
(Lytle and Lytle) 

Ratios Resolved Peaks/Unresolved 1'nvelope 

Al.gal Samples 

Sample Ratio in Ratio in 
Number Aliphatic HC Aromatic HC 

11-46 0 .49 1 .15 

11-45 ~ 0 .22 0 .74 

11-351 0 .67 1 .83 

IV-13 0 .09 0 .56 

111-34 0 .23 0 .66 

111-39 0 .19 0 .71 

11-49 0 .36 1 .06 

Red-59 0 .35 0 .58 

59-Sargassum 0 .29 2 .02 

111-1+1 0 .26 1 .23 

Avera ge 0 .32 1 .05 
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chromatograms may be seen in Figure 9, whereas it is not present in Figure 

i 10, a chromatogram from the carbonate-rich area I (station 53) . 

" In addition to hydrocarbons, a suite of algal samples (Tables28 and 

2g) were analyzed . Chromatograms of natural algae show that these aliphatic 

hydrocarbons have a rather simple structure with prominent C15 and C17 . 

Their spectra may be complicated by encrusting animals such as bryozoa . 

However, one sample (red alga Goniolithon ) from station 13 contains a 

series of normal aliphatics from C20 to C30 in large quantities and with 

no odd-even preference . The sample also has a low ratio of resolved 

peak/unresolved envelope . That has been used to characterize petroleum 

pollution, and points to hydrocarbon of petroleum origin in this case . 

r 
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H . Heavy Metals 
i 

l . Water column : zooplankton, suspended matter, and benthic 
organisms 

Water, column (Segar) 

A threefold system was used by Segar to analyze trace metals in waters : 

waters were injected directly into the graphite furnace of an advanced 

atomic absorption spectrometer ; acidified waters were injected, and 

organic extracts (AFDC-MIBK) were injected. Bottles were delivered to 

the laboratory by hand . They had been filled with water filtered on 

shipboard through a Nuclepore 0 .1+u filter under carefully controlled 

conditions . The following observations were made regarding reliability 

for these difficult (in terms of potential contamination or other system-

atic error) ultra-low trace metal analyses . 

~Tonori; �m cYintrori nnnci ctcnt oral iica nn +YiP nT'fiPT f1f I _ r1 T1Tlh . n(1~: far ` 

from accepted oceanic values . Extractable Ni and Pb show significant 

variations, but both are in the accepted range for nearshore areas . They 

show values ranging from .25 - 2.5 ppm Ni, and .07 to 1.7 ppm Pb . Ex-

tractable Cu and Fe show some mayor discrepancies from the listed values, 

or with each other ; they axe often well above the directly infected 

samples in concentration . 15% of the extractable analyses gave concen-

trations higher than total injection . This and similar discrepancies for 

Cr, Cd, Cu and Fe are attributed, by Segar, to contamination in the 

laboratory or handling on ship . 

The full analyses are shown in Table 30 . Inspection of the data 

shows immediately that certain values, especially Cu and Fe, appear high 

and out of context . Nonetheless these are among the lowest general values 

10 obtained in the literature for shelf waters, and we may regard them - 
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TABLE 30 
Trace analysis of sea water (Segar) 

Direct Injection of Extracted Sea Water S les Direct Injection of Sea Water 

V Ni Pb Cu Fe Cr Cd Cu Fe 

361 1.3 1.1 0.07 3.0 4 .5 1.9 0.3 1 .1 4.2 
365 0.45 <0 .1 1.0 3.2 

362 1.3 0.70 <0 .07 4 .5 2.5 2.1 - <0.1 3.6 6 .7 
366 0.72 <0.1 3.2 7.8 

363 1.6 1.7 0.68 0.90 21 1.6 <0.1 1.5 7 .2 
364 5.9 <0.1 1.3 3 .7 

367 1.4 0.50 0.19 0.70 1.9 3 .1 <0.1 1.8 45 
371 0.72 5.8 31 5.2 

368 1.3 0.35 0.36 2 .7 0.8 7 .7 <0 .1 1 .0 3 .5 
372 0.48 4.1 5 .5 

369 1.4 2.4 0.93 2.8 4.7 0.68 <0 .1 1 .2 7 .0 
370 0.72 <0 .1 2.0 5 .1 

521 2.1 2.2 0.90 11 20 1 .8 16 8.3 188 

522 2 .1 4.3 4.7 35 
539 1.0 0.10 0.20 1.9 2.9 1 .4 7.2 10 17 

523 3.4 12 1 .5 22 55 2 .6 4.5 8.5 54 

524 1.4 1.9 7.0 19 
527 1.1 0.70 1.7 2 .4 2 .8 0 .94 <0 .1 4.0 25 

525 5.8 2.6 3 .5 22 
530 1.2 0.70 0.32 6.2 3 .5 4.7 11 13 22 

526 1.0 1.1 0.65 4.1 4 .4 4.2 0.10 2 .0 11 
876 1.2 2.7 1 .6 8.6 

528 1.4 0.15 0.09 1.4 1 .3 2.1 1.4 10 65 
878 1.7 2.2 3.7 32 

529 4.4 <0 .1 9.4 43 
925 1.4 1.3 0.21 1 .0 6 .0 1.2 <0 .1 2.0 20 

531 1.2 0.48 2.2 37 
540 1 .6 0.60 0.58 1 .7 3 .9 1.0 <0 .1 2 .9 29 

532 2.1 2.1 2.5 19 
535 1.4 0.80 0.30 6 .0 3.6 ~2 .4 0.35 7.8 18 

i 
533 1.0 0.05 0.59 0.6 3.1 1.8 <0 .1 2.2 30 
537 1.6 <0 .1 2.2 34 



Ni Pb cu 

0.75 1.6 1.9 

1.0 2.2 6.4 

0.40 0.10 2 .0 

0.90 0.09 3 .8 

0.60 <0 .07 2.5 

Fe Cr Cd Cu Fe 

4 .8 l .`6 <0 .1 5.2 11 
1 .1 <0 .1 14 11 

5 .1 1 .1 6 .0 5 .4 56 

2.7 1 .6 6.3 2 .1 10 

5.3 1 .6 2.0 7 .8 14 
3 .4 5.5 22 56 

4.5 2.3 14 2 .1 9.7 
2 .0 1.3 3 .2 28 

1.6 1 .2 3.5 18 
3.0 2 .3 1.9 55 

1.4 5 .6 3.7 2£i 
2.5 18 29 7 .7 

2.0 <0 .1 2.4 21 
2.0 1 .2 5.1 58 

1.6 1 .7 8.1 42 

2.4 30 22 20 
2.2 <40 8.4 63 

3.0 0.4 1.9 8.1 
1.6 <0 .1 3:9 8 .6 

2 .3 <0 .1 1 .6 10 
1 .8 <0 .1 2 .2 11 

2 .8 <0 .1 2 .2 1 .7 
1 .2 0 .4 2 .8 9.2 

1 .6 0.11 2 .3 37 
1 .7 <0 .1 2 .1 8.9 

1 .2 <0 .1 2 .8 39 
1 .4 0.2 2 .6 6.9 

3 .4 <0 .1 2 .2 44 
1.0 <0 .1 2 .6 5.4 

1.6 <0 .1 2 .1 18 
1.2 <0 .1 2 .6 8.9 

1.1 

1.1 

3.1 0 .25 2.7 32 

0.45 1 .0 2.2 5 .3 

r 
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534 
538 

536 

877 

879 
896 

880 
883 

881 
891 

882 
885 

884 
889 

886 

888 
897 

901 
905 

902 
906 

903 
904 

907 
910 

908 
911 

909 
912 

913 
916 

V 

1.3 

' 1.3 

1.2 

1.5 

1.4 

TABLE 30 contd . 

1.7 0.22 0.40 4.4 3 .0 

1.4 0.92 0.34 4.8 9 .0 

0.92 0.70 0.34 2.3 20 

1 .2 0.15 0.14 0 .90 <0 .04 

1 .3 1.0 1.2 1.9 2.1 

1 .4 1.4 0.45 1 .8 4.8 

0.5 0.65 0.25 1.3 0.4 

1 .4 4.4 3.2 3 .5 17 



Cu 

2 .2 
2.2 

2.7 
1.5 

13 
7.1 

2.1 
2.7 

1.5 
2 .6 

1 .3 
1 .5 

1 .3 
1 .5 

2.7 
1 .4 

Fe 

18 
6.9 

10 
5.4 

35 
23 

8.8 
9.3 

17 
22 

1 .1 
0 .80 

2.2 
1.3 

0.48 
0.80 
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V Ni Pb 

914 
917 1.3 0.75 1 

915 
918 1.4 1.5 2 

919 
922 1.4 1.9 1 

920 1.3 0.85 1 
923 

921 0.85 0.55 0 
924 

2001 
2007 0.15 2 

2002 
2005 1.3 0 .80 2 

2003 
2004 1.3 0.80 

TABLE 30 contd . 

Cu Fe Cr Cd 

1.4 3 .7 
1.8 6.2 2.9 <0 .1 

2.8 <0 .1 
1.1 11 6.9 <0 .1 

5.0 5 .3 
1 .4 21 5.1 <0 .1 

2 .2 2.6 3 .1 <0 .1 
2 .0 <0 .1 

1.4 3.3 4 .4 <0 .1 
1.9 - <0 .1 

1 .4 <0 .1 
0.8 <0 .4 1.0 <0 .1 

1.8 <0 .1 
0.6 1.2 1.2 <0 .1 

1.4 m. l 
0.70 m.4 1.1 m.1 
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terized by such enrichment, particularly with respect to Cd and Ni in 
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at the least, as an upper maximum, and confirmation of absence of dis- 

solved metalliferous pollutants . 

Suspended matter (P . Better) 

Suspended particle mass and trace metal determinations were made on 

42 samples from 11+ stations . Mean value for total suspended matter was 

184 Vg/l . 

Previous work has shown that organic-rich suspended matter tends to 

be enriched in trace metals with respect to normal bottom sediments . The 

present trace metal composition of suspended natter is likewise char"ac- 

areas I and II . If such enrichment is organic in nature, then the values 

toward the Mississippi River influence (clays) should be lower . This was, 

f'., .++ cb
..c+..*cl7 fc+. TTY C� ,iii C.l f'c++ 4+ .,+-0 .. 1'2 ..rL.c++~- nl�ee+ of 7~ m 

depth dropped to 2 ppm Cd and 17 ppm Cu . These are values that might 

easily be found in river-bottom sediment . One must express surprise that 

more samples from area V did not show much higher suspended matter values, 

in view of the matey evidences of high turbidity there . The means are 

shown in Table 31 . 

Zooplankton (Knauer and P . Better, and benthic organisms (S . Better) 

As might be expected o£ highly diverse organisms collected among 

zooplankton, their metal levels were extremely variable . Again, con-

centrations were higher than expected, and in comparison with Pacific 

zooplankton (Table 32) . However, one may note that dissolved composition 

of sea water, as well as suspended matter tends to become relatively more 

enriched with trace constituents, the more free from particulate matter 

and the more impoverished in nutrients it is . 



TABLE 31 
(P . Betzer) 

SUSPENDED MATTER TRACE METAL SUMMARY + 

N0 . OF S .P .M .* 
CAMDI FC ! . .r,/11 Co nt, ra r . . r~ ~_ 

I 9 

II 6 

Average 129 .57 200 55 199 160 1486 N .D . 

Range 81-266 .24- .98 76-322 8=243 51-684 - - - 
I 

Average- 217 .22 145 15 103 N .D . 3609 N .D . 

Range 74-200 .11- .47 4-316 3-25 31-187 - - -

Average 9] 1 .26 273 29 481 N .D . .D . N .D . 

Range 49-161 .28-4 .3 19-975 8-73 133-898 - - -

Average 125 1 .09 189 55 328 144 174 N .D . 

Range 50-334 .10-4 .2 07-364 14-100 162-563 64-2;76' - -

Average 368 1 .19 109 45 254 120 52 57 

Range 61-1788 .25-4 :8 14-209 2-226 17-715 45L-191 . - - 

[II 9 

IV I 9 

.v l 9 
: . . 1 

i 
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r 

+ Values for all elements are in fag/g dry weight except iron which is in percent 

* Suspended Particulate Matter in micrograms per Liter of water filtered . 
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TABLE 32 
(Knauer and P . Betzer) 

Average concentrations (P$/gram dry weight) trace metals in 

zooplankton from three MAFIA regions . Average concentration 

of these metals in the Pacific zooplankton is included for 

comparative purposes .* 

I . West Florida Shelf / Middle Grounds 

ELEMENT Fe -Cr Ni Cu . V Cd Pb 

X 251 1 .2 3 .5 16 .0 2.8 9.2 2 .3 

II . Destin Dome / Apalachicola 

ELEMENT Fe Cr Ni Cu V Cd Pb 

X 268 4 .1 7 .8 21 .0 2.3 16 .3 .6 .0 

III . Mississippi River / Alabama 

ELEMENT Fe Cr Ni Cu V Cd Pb 

X 1 X45 4 1 1 G 9? /. 9 - 1) z n i A 

Pacific Zooplankton 

ELEMENT Fe Cr Ni Cu V Cd Pb 

X 221 <1 .0 3 .6 12 .6 Ic3 .1 4 .3 3 .5 

* These values are integrated values of one hour tows taken from 

. three depths at each station . 



of the 8 trace elements, as shown in Table 34 . These data show that 

trace metals are generally well below the average concentration for 

nearshore sediments, due principally to the large admixture of metal-poor 

carbonate . As may be noted in Figure 10, many of the trace elements 

correlate with iron, not necessarily as a direct correlation, but merely 
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111 samples of benthic organisms were placed in plastic bags and 

frozen on board ship . At the shore laboratory samples were thawed, dried 

and ashed on a teflon watch glass in a low temperature asher . The ash 

was then transferred to a Teflon bomb and digested four to five hours 

with hot ultra-pure nitric acid. The solution was analyzed for trace 

metals utilizing a graphite furnace atomic absorption spectrophotometer 

(S . Betzer) . The results are shown in Table 33 . 

Copper is, as expected highest in crustaceans, which utilize the 

element in their respiratory pigment, hemocyanin . Echinoderms and 

molluscs showed copper concentration on the same order as the sediments, 

whereas sponges and corals had an order of magnitude of lower concentration . 

Instead of copper, tunicates use vanadium in their respiratory pigments, 

and, not surprisingly, showed by far the highest concentration of this 

element (7 ppm) . Nickel is extraordinarily enriched in sponges ; their 

average concentration was more than 100-fold higher than average sediments . 

It was a matter of regret that lease area V yielded so few macro-organisms, 

since it would have been expected to show marked differences from the 

other areas . Though at low levels, lead did increase markedly in crus-

taceans from this area (1 .5 ppm) . 

Sediments (Presley, Linadau and Trefr y) 

Samples of each of the 65 master stations were selected for analysis 



was found in this report . Moreover, Holmes' map indicates more than 300 

ppm V, some in an arc of sediments to the south, and between 70 and 100 

ppm lead at a depth of about 600 m, south of Mobile Bay . We should recall, 

however, that the analyses on which the maps are based are semi quantitative, 

and the differences may be more apparent than real . However, this com-

parison does show that if chemical parameters or threshholds are to have 

indicative value or environmental significance, the stress placed on 

analytical accuracy in this survey was not misplaced . 

i 
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because increase in iron signifies an increase in detrital clay compon- 

ents known to contain most of the metal concentrations . As pointed out 

by Presley, a map of trace constituents prepared by Holmes,(1973) agrees 

with the low concentrations found here on much of the west Florida shelf . 

However, some discrepancies may be noted . Holmes' map predicts between 

100 and 150 ppm vanadium in much of area V whereas a mean of only 56 



TABLE 33 (S . Betzer) 

SUMMARY OF TRACE METAL CONCENTRATIONS IN EACH TAXONOMIC GROUP IN EACH LEASE AREA 

Average dug/g dry wt : . ± 1 S .E .M. 

LEASE AREA II 

Sponges 24 1 .2510 .41 121±80 1 .13±0 .18 208±53 3 .1211 .22 1 .17±0 .4 5 .63±1 :06 

Soft Corals 6 0 .13±0 .04 1 .1±0 .6 1 .i±0 .4 59±22 1 .54±0 .33 0 .17±0 .04 0 .8510 .22 

Hard Corals . 9 0 .32±0 .14 3.1t1.51 1 .E±0 .2 100±31 0 .4310 .06 0 .21±0 .04 0 .65±0 .18 

Molluscs 7 5 .0±2 .5' 18 .2±5 .1 4 .111 .2 170±30 7 .4813 .22 0 .70±0 .21 3 .841 .55 

Polychaete 1 1 .25 111 1 .9±0 .6 552 5 .06 1 .25 5 .65 

Crustaceans 1 0 .35 0 .42 1 .3±0 .3 91 0 .55 0 .07 20 

NUMBER 
ANALYZED ` Cr Ni V Fe Cd Pb Cu 

LEASE AREA I 

Sponges 16 2 .6±0 .7 380±143 1 . .'i± .3 625±146 5 .8±2 .3 . 0 .48±0 .12 4 .96,+.0 .70 

Soft Corals 1 0 .62 0 .79 0 .1) . 137 0 .50 0 .30 0 .76 

Hard Corals 4 0 .67± .14- 0 .38±0 .1 1 . : :±0 .1 173±35 0 .49±0 .03 0 .28±0 .08 0 .4810 .19 

Crustaceans 6 0 .4310 .1 10±9 .6 ~ 1 .0±0 .3 64}20 1 .7±1 .0 0 .17±0 .06 32 .3±12 :4 

Echinoderms 7 0 .161 .07 8 .8±6 1.S±0.7 187±145 0 .7010 .21 0 .34±0 .08 5 .9±3 .7 



* Not Deductible 

TABLE 33 contd . 

SUMMARY OF TRACE METAL CONCENTRATIONS IN EACH TAXONOMIC GROUP IN EACH LEASE AREA 

Average dug/g dry wt : . ± 1 S .E .M. 

NUMBER 
ANALYZED * Cr Ni V Fe Cd Pb Cu 

LEASE AREA II Cont . 

Echinoderms 5 0 .27 0 .51± .07 1 .910 .4 49±12 2 .96±2 .4 . 0 .2410 .08 4 .6312 .70 

Tunicates 4 7 .9±0 .8 3 .710 .9 7 .41 .4 718±458 0 .34±0 .14 0 .6010 .19 2 .84±1 .10 

LEASE AREA III 

Sponges 6 5 .1±1 .6 154±104 . 3 .110 .8 9011436 11 .5±7 .5 1 .38±0 .38 3 .20±1 .16 

Echinoderms 3 0 .14±0 .08 0 .3210 .16 0 .?1±0 .18 68±26 1 .210 .4 0 .23±0 .09 2 :30±1 .60 

Tunicates 1 4 .38 5 .610 .9 6 .E 1 .58 0 .60 0 .98±0 .19 3 .50±1 .10 

Amphioxus 1 0 .38 3 .9 2 .5 92 3 .4 0 .29 1 .4 

LEASE AREA IV 

Molluscs 1 0 .85 N .D .* 4 .57 357 11 .4 0 .29 9 .7 

Crustaceans 1 0 .085 N .D .* N .T .* 7 :7 1 .05 0 .068 12 .4 

Echinoderms 3 0 .24±0 .09 8 .2±7 .6 0 .E4t0 .59 45±19 0 .6610 .33 0 .22±0 .06 1 .59±0 .64 



i 

TABLE 33 contd. 

SUMMARY OF TRACE METAL CONCENTRATIONS : .N EACH TAXONOMIC GROUP IN EACH LEASE AREA 

Average dug/g (try wt : . t 1 S .E .M . 

' NUMBER 
ANALYZED Cr Ni V Fe Cd Pb Cu 

LEASE AREA V 

Molluscs 2 0 .66±0 .11 3 .70±1 .79 :, .05±0 .63 412±118 2 .38±0 .05 0 .24±0 .04 4 .95±0 .39 

Crustaceans 2 2 .65±0 .25 0 .57±0 .49 x .91±0 .32 1700±77 0 .57±0 .18 1 .4710 .72 40±10 

N 

OD 
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Table 34 . Sediment heavy metal concentration: (from Presley, et al .) . 
N = number of samples . Standard deviation in parentheses . 

O/o jCd( m) Cu( m) Cr( ) Ni( m Pb( m) V( m) Ba( m 

1 9 .16( .04) < .05( 0 ) 4 ( .6 18( 5 .4) 2 (1 ) 6 (1 .3) 5(1 .5) 49( 15) 

11 8 .16( .08) < .07( .02) 4 .4(1 .3 13( 6 .8) 3 (1 .5) 3 .5(1 .8) 6(4 .5) 46( 12) 

111 20 .52( .19) < .09( .05) 4 .9(2~7 19( 7~5) 4 .5( 1 .9) 6 (1 .6) 1o(4 ) 68( 31) 

IV 10 .66( .51) < .08( .03) 4 .5(3 .8 16(20 ) 4 ( 2 .7) 7 (2 .7) 13(7 ) 76( 39) 

V 10 2 .01(1 .11) .2 ( .08) 10 .5(7 .1) 39(23 ) 17 (13 13 (6 .5) 56(37 ) 339213) 

Carbonate 
rocks . 4 ~ 0 . OX , 14 11 12 8 15 150 

Nearshore 
sediments 3 .5 '0 .X ;48 1100 X55 20 130 750 



Figure 10 . Concentrations of trace metals and iron 
in MAF'LA sediments (Presley) 

A re a =-V 

Pb 

5.0 

Cr 

" o x/ 3.0 

_ _ Fe, . 

W - 

90 100 

270 

Pb,Cr,V (ppm) 

Metal concentrations in sediments 



271 

I . Environmental Applications and Conclusions 

1, Crude oil-like hydrocarbons have not been identified in sediments, 

01 . bottom organisms, or organisms or phases in the water column in areas I, 

II and III . Moreover, the abundance and diversity of organisms, as well 

as evidence of similar populations living in the same niches on the shelf 

in the recent past,suggest that these organisms are living in an essen- 

tially pristine and natural ecological state, and show no evidence of 

stress owing to influx of pollutants .' The situation is more complex in 

area IV. Proximity to the Mississippi Delta and its strong turbidity and 

periodic freshwater influences, creates a similar kind of stress for the 

westernmost stations as that encountered more strongly in area V . Some 

sediments in the area show influences of petroleum-type hydrocarbons in 

aliphatic components of lipi ds, whereas others show only the odd-

number predominance typical of biologically synthesized hydrocarbons . 

Organism analyses show similar divergent trends . Heavy metals show back-

ground or subbackground levels . Area V sediments revealed universal in-

dications of petroleum hydrocarbons in the sediments . Their weathered 

nature led the Iytles to infer a Mississippi River origin for them. 

However, the areas in question are to a large extent poorly productive 

of epi-and infauna other than stress-tolerant species, and it is prob-

lematical what influence the added hydrocarbons have on the system. 

2 . Distribution of suspended matter is significant for natural processes 

of removal of oil . Suspended matter and zooplankton productivity (via 

fecal pellet formation and sinking processes) are both known to be 

effective means of collection and sinking o° oil pollutants . Hence, 

off areas V and IV, spills and surficial slicks of oil will be brought 

down more effectively and rapidly (perhaps by one or more orders of mag-
,, 



petroleum or petroleum-related brine seepages are not a major hazard, 

owing to their low concentrations in oil and brine . Calculations show that 

some of the larger historical spills, if distributed over a typical bottom 

sediment area might have difficulty in building up ambient concentrations 

7.. .. .�
d 

1. .. .,1 . . .. .7 ?!. . 
the 

r,L . ;cf 
cl=ntc in --n-, 

nickel, have relatively low toxicity . This does not preclude a buildup 

of detectable residues of vanadium and nickel in benthic and encrusting 

and fouling organisms and sediments as a result of chronic low level 

spills . 
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nitude) than in the clear water areas to the south . This means that, in 

the absence of human clean-up or recovery, a greater percentage of the 

oil will remain in surface water of the southern areas to be either moved 

on by currents or impinged on and absorbed at the coastal zone, except under 

unusual conditions such as storm-related turbidity . 

3 . Heavy metals in sediments, waters, organisms or suspended matter have 

not shown concentrations beyond those expectable for comparable unpolluted 

materials . In fact, sediments have unusually low background levels for 

trace constituents over much of the area . In my opinion, heavy metals in 

The excellent background of analytical information on organisms from 

a clean environment should invite complementary analyses of similar 

species from "dirty" environments, if they can be found and vouched for, 

to establish comparative knowledge of metal influences on a wide spectrum 

of organisms . 

Trace elements may be potentially more significant as pollution from 

land sources . The investigated sites were not close enough to shore and 

potential sources of pollutants to detect plumes and ranges of influence 

o£ land-derived wastes . Baseline maps of trace element and hydrocarbon 
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constituents should, in the future extend to the shore to delineate land- 

derived influences from potential offshore pollutants . 

1+ . Over the short range,substrate largely controls bottom fauna . This 

is true to an extreme degree in the Middle Ground . Over wider areas 

other factors come into play : temperature, recruitment of eggs and 

larvae via water movements are examples . The unusual fauna and flora 

of both the Flower Garden (Bright and Pequegnat, 197+), and the Middle 

Ground reefs may require a combination of bottom substrate and impinge- 

went of Caribbean breeding stock, transported by the Loop Current . 



274 

J., REFERENCES 

Atkinson, L. C . and D . Wallace, in press, 

Bright, T. J., and L. H. Pequegnat (eds .), 1974 . Biota of the West Flower 
Garden Bank . Gulf Publ. Co ., Houston, Texas, 435 P" 

Brooks, H. K., 1973 . Geological oceanograpYy In Jones et al .(eds.) . A 
summary of knowledge of the eastern Gulf of Mexico State University 
System Institute of Oceanography, St . Petersburg, Florida, p. IIE 1-49 . 

Collard, S . B . and C. N. D'Asaro, 1973 . Benthic invertebrates of the 
Eastern Gulf of Mexico In Jones et al . .A summary of knowledge of the 
Eastern Gulf of Mexico . State University System of Florida Institute 
of Oceanography, St . Petersburg, Florida, 330 p. 

Emery, K . 0 . and E. Uchupi, 1972 . Western North Atlantic Ocean : Topo-
graphy, Rocks, Structure, Water, Life, and Sediments, Memoir 17 . 
Amer . Assoc . Petroleum Geologists, 532 p. 

Gould, H. R ., and R. H . Stewart, 1955 " Continental terrace sediments in 
the northeastern Gulf of Mexico . Soc . Econ . Paleontologists and 
Mineralogists Publ . 3, 129 p. 

Griffin, G . M., 1962 . Regional clay-mineral facies . Products of weathering 
-- intensity and current distribution in the northeastern Gulf of Mexico . 

tseol . 5oc . America ttull . , v . ~(j, p. '(~i'(-(btS . 

Holmes, C . W., 1973 . Distribution of selected elements in surficial marine 
sediments of the northern Gulf of Mexico continental shelf and slope . 
U . S . Geological Survey Prof . Paper 814, 7 p. and maps . 

Jones, J. I ., R . E . Ring, M. 0 . Rinkel, and R. E. Smith, 1973 . A summary of 
knowledge of the eastern Gulf of Mexico . State University System of 
Florida Institute of Oceanography, St . Petersburg, Florida, 330 p . 

Ludwick, J . C ., and W. R . Walton, 1957 " Shelf-edge, calcareous prominences 
in northeastern Gulf of Mexico . Bull . Amer . Assoc . Petroleum Geologists, 
v. 41, p . 2054-2101 . 

Ludwick, J . C ., 1974 . Sediments in northeastern Gulf of Mexico, in Papers 
in Marine Geology . MacMillan Co ., N . Y., p . 204-238 . 

Manheim, F. T., J . C . Hathaway, and E . Uchupi, 1972 . Suspended matter in 

surface waters of the northern Gulf of Mexico, Limnology and Oceanography, 

V- 17, p. 17-27 . 

McNulty, J. K., W. N . Lindall, Jr ., and J. E. Sykes, 1972 . Cooperative 
Gulf of Mexico Estuarine Inventory and Study, Florida : Phase I, Area 
Description, NOAA Tech . Rep . IJMFS Circ-368, 127 p . 

Wallace, D., 1975 " In preparation . 



W
1
0
7
4
?
 I". 

~
0

` 
'd' 
~
 

0
 

~ I 
( ti 

(~ 
/ 

1 
(
 

C 
l 

n
?
f

; 
14 

ft 
A
~
-

1
3
,
 

~
 

'I 
I 

I 
I I 

I 
I n,, / 

' ' ~ I 
( 

`1 

. 4' ~ 
~ 

~ 
~ 

~+ 
1S 

" 
, 

\ 

~/ 
f°s 

f 
~ 
J} e t 

// 
"
r
 

V
Y
r
 

f
 

jpf 
~
 

f 

I, 
l 

l
 

p
 

~
-
1
 

1 
�~
 

~``~< 

_ 
~` 

F 

n
 

f ' 
~ 

"d 
~r~f 

t` 
. 

0' 
a 

'( l
`
 

,1 
II' 

~' 
` 

rA 
~.. 

I_' 
`~~',I 

~ 
n 

S 
'
\
1
 

3: 
°~ 

0
 

1
`
x
'
4
 

", 
i
C
 

°
n
 

f 
S 

\ 
Iw 

- 


	FRONT COVER
	PREFACE
	TITLE PAGE
	CONTENTS
	TABLES
	Table 1. Chief geological parameters of bottom sediments (Doyle et al.)
	Table 2. Carbonate and organic carbon content in dry sediments, by area (Lytle and Lytle)
	Table 3. Clay minerals as a percent of total clay mineral fractions (Huang)
	Table 4. Sieved volumes for benthic infauna stations
	Table 5. Biomass of major macrofauna groups in grams, wet weight, preserved (Kritzler)
	Table 6a. "Dominant taxes" (polychaetes) (Kritzler)
	Table 6b. "Dominant taxa" (Vittor)
	Table 7. Micromolluscs. Chart of occurrence and abundance (Moore)
	Table 8. Percentage distribution of living benthonic foraminiferida in the MAFLA area (Bock)
	Table 9. Summary of biotopes and community indicators in the MAFLA lease trace by area (Hopkins)
	Table 10. List of species for histopathological archiving (Blake)
	Table 11. Adenosine triphosphate concentrations (ATP) (La Rock)
	Table 12. Final nutrient concentrations from the MAFLA (Fanning)
	Iverson's Set
	Woodmansee's Set

	Table 13. Area chlorophyll summary (Iverson, Woodmansee)
	Table 14. Dissolved organic carbon (DOC), particulate organic carbon (POC) (Knauer and Aller) and total suspended particulate matter (SPM) (Betzer) for the 5 lease areas
	Table 15. Comparison of total living carbon calculated from C/ATP ratios and POC concentrations at selected MAFLA stations (Knauer and Aller)
	Table 16. Area phytoplankton summary (Iverson and Woodmansee)
	Table 17. Concentrations of the dominant elements of the phytoplankton communities in areas V and IV and at stations C-4 and C-3 (Iverson and Woodmansee)
	Table 18. Net phytoplankton summary (Iverson and Woodmansee)
	Table 19. Mean zooplankton examples for areas IV and V (Maturo and Woodmansee)
	Table 20. Hydrocarbon properties for water column stations 7 and 9 (Calder)
	Table 21. Gravimetric data for hydrocarbons in water and zooplankton, water stations 7 and 9 (Calder)
	Table 22. Dissolved light hydrocarbons in the water column (Sackett, Schink and Brooks)
	Table 23. Summary of dissolved high molecular weight hydrocarbon data (Myers)
	Table 24. Hydrocarbons in benthic macrofauna (Meyers)
	Table 25. Comparison of gravimetric data among lease areas (Lytle and Lytle)
	Table 26a. Lease site I
	Table 26b. Lease site II
	Table 26c. Lease site III
	Table 26d. Lease site IV
	Table 26e. Lease site V
	Table 27. Isoprenoid ratios in sediment aliphatic hydrocarbons
	Table 28. Identification of Algae (Lytle and Lytle)
	Table 29. Ratios Resolved Peaks/Unresolved Envelope (Lytle and Lytle)
	Table 30. Trace analysis of sea water (Segar)
	Table 31. Suspended matter trace metal summary (P. Betze)
	Table 32. Average concentrations trace metals in zooplankton from three MAFLA regions (Knauer and P. Betzer)
	Table 33. Summary of trace metal concentrations in each 64 taxonomic group in each lease area (S. Betzer)
	Table 34. Sediment heavy metal concentrations (Presley, et al.)

	FIGURES
	Figure 1. General location map of bottom stations
	Figure 2. Graphic display of skeletal particle distribution, Area III, Station 37 (Wanless and Dravies)
	Figure 3. Distribution of echinoid fragments in sand fractions (Wanless and Dravies)
	Figure 4. Bottom photographs (Pyle)
	4a. Area I. Station 56
	4b. Area I. Station 57
	4c. Area II. Station 51
	4d. Area III. Station 32
	4e. Area III. Station 27
	4f. Area IV. Station 12B
	4g. Area V. Station 10

	Figure 5. Relationship between sample area and abundance of species at two stations in MAFLA Area V (Vittor)
	Figure 6. Relationship between sample area and abundance of species at two stations in MAFLA Area IV (Vittor)
	Figure 7. Location map of water column stations (SUSIO staff)
	Figure 8. Chromatogram of hydrocarbon extract from sediment, station 12, Area IV (Lytle and Lytle)
	Figure 9. Chromatogram of hydrocarbon extract from sediment, station 55, Area I (Lytle and Lytle)
	Figure 10. Concentrations of trace metals and iron in MAFLA sediments (Presley)

	I. SUMMARY OF BASELINE ENVIRONMENTAL SURVEY OF THE MISSISSIPPI, ALABAMA, AND FLORIDA (MAFLA) LEASE AREAS, CY 1974
	A. Abridged General Area Description
	B. State University System of Florida Institute of Oceanography (SUSIO) Consortium
	C. MAFLA Survey Plan
	1. Water Column Survey
	a. Biology
	b. Chemistry

	2. Bottom Survey
	a. Box Cores
	b. Benthic Biota Analysis
	c. Sediment Analysis
	d. Diving and Photography

	3. Physical Oceanography
	4. Ship Scheduling/Operations
	a. Water Column Survey
	b. Bottom Survey

	5. Navigation
	6. Archiving

	D. Preliminary Scientific Observations on Environmental Applications and Conclusions Drawn from the MAFLA Survey

	II. MAFLA SURVEY
	A. Objectives
	1. BLM Cruise #1 (R/V BELLOWS)
	2. BLM Cruise #2 (R/V MISS FREEPORT)
	3. BLM Cruise #3 (R/V GULF RESEARCHER)
	4. BLM Cruise #4 (R/V BELLOWS)
	5. BLM Cruise #5 (R/V TURSIOPS)
	6. BLM Cruise #6/7 (R/V GULF RESEARCHER)
	7. BLM Cruise #8/9 (R/V MISS FREEPORT)

	B. Tracks
	1. BLM Cruise #1 (R/V BELLOWS)
	2. BLM Cruise #2 (R/V MISS FREEPORT)
	3. BLM Cruise #3 (R/V GULF RESEARCHER)
	4. BLM Cruise #4 (R/V BELLOWS)
	5. BLM Cruise #5 (R/V TURSIOPS)
	6. BLM Cruise #6/7 (R/V GULF RESEARCHER)
	7. BLM Cruise #8/9 Track A (R/V MISS FREEPORT)
	8. BLM Cruise #8/9 Track B (R/V MISS FREEPORT)

	C. Station Plots
	1. Water Column Stations
	2. Box Core Stations
	3. Diving/Dredge Stations

	D. Station Identification Index

	III. FIELD AND LABORATORY TECHNIQUES
	A. Field Techniques
	1. STD Stations
	2. XBT Stations
	3. 30-Liter Niskin Bottle Casts
	a. Phytoplankton
	b. Chlorophyll
	c. Dissolved Oxygen
	d. ATP
	e. Dissolved Micronutrients
	f. Fix - 1 Gallon Water Sample for the Identification of Plankton
	g. Dissolved Low Molecular Weight Hydrocarbon
	h. Particulate and Dissolved Organic Carbon
	i. Particulate and Dissolved High Molecular Weight Hydrocarbons
	j. Particulate and Dissolved Trace Metals

	4. Zooplankton Tows
	5. C1 to C5 Dissolved Hydrocarbons
	6. Box Core Benthic Study
	7. Dive/Dredge Epibenthic Study
	a. Dive Stations
	b. Dredge Stations
	c. On-Board Processing for Chemical Analysis


	B. Laboratory Techniques
	1. Water Column Studies
	a. Biota
	(1) Phytoplankton Analysis
	(a) Chlorophyll
	(b) Particulate Organic Carbon
	(c) Phytoplankton Identification, Cell Courts, Cell Volume Measurement
	(d) Phytoplankton Distribution
	1) Methods
	2) Volume Calculations

	(e) Archiving

	(2) Zooplankton Analysis
	(a) Zooplankton Sample Processing
	(b) Zooplankton Sample Status
	Table 1: List of Zooplankton Categories Identified in Lease Tracts I, II, & III.
	Table 2: List of Zooplankton Categories Identified in Lease Areas IV & V


	(3) Total Living Biomass (Including Microbial) Analysis
	(a) Extraction of ATP
	(b) The Bioluminescent Reaction and Its Measurement


	b. Chemistry
	(1) Hydrocarbon Analysis
	(a) Zooplankton Hydrocarbon Analysis
	(b) Dissolved Low Molecular Weight Hydro- carbons (C1 - C3) Analysis
	(c) Dissolved High Molecular Weight Hydrocarbons (C14) Analysis
	(d) Particulate Hydrocarbons (Greater than Cl4) Analysis

	(2) Trace Metal Analysis
	(a) Zooplankton Analysis for Trace Metals
	(b) Particulate Trace Metal Analysis
	(c) Dissolved Trace Metals Analysis

	(3) Particulate and Dissolved Organic Carbon Analysis
	(4) Dissolved Micronutrient Analysis


	2. Bottom Studies
	a. Biota
	(1) Infauna Analysis
	(2) Epifauna and Flora Analysis
	(3) Hydrocarbon, Trace Metal, and Histological Baseline in Key Dominant Species Analysis
	(a) Hydrocarbons
	1) Fauna Analysis
	2) Flora Analysis

	(b) Trace Metals Analysis
	(c) Histopathological Preparation Analysis


	b. Geological Substrate
	(1) Geology
	(a). Rationale
	(b) Archiving

	(2) Chemistry Analysis
	(a) Total Organic Carbon (TOC)
	1) Collections
	2) Analysis

	(b) Hydrocarbons
	1) Collection
	2) Analysis

	(c) Trace Metals
	(d) Sediment ATP Analysis
	1) On-Board Processing
	2) Analysis






	IV. INTER-LABORATORY CALIBRATION AND QUALITY CONTROL
	A. Biota
	1. Water Column
	a. Phytoplankton
	b. Zooplankton

	2. Benthos

	B. Chemistry
	1. Hydrocarbons
	a. Standardization of Methods
	b. Intercalibration of Laboratories
	c. Special Methods to Minimize Laboratory Contamination

	2. Trace Metals
	3. Dissolved Micronutrient Analysis

	C. Quality Control

	V. SYNOPSIS OF COLLECTIONS AND ANALYSIS CONTRACTED FOR: COLLECTIONS AND ANALYSIS PERFORMED
	VI. MANAGEMENT
	A. Scientific and Management Coordinating/Advisory Committee
	B. Management Structure/Subcontractors
	C. Program Coordination/Management
	D. Operational Control and Ship Scheduling
	E. Navigation
	F. Data Management
	G. Performance Time for Sampling/Collecting. ,,
	H. Sampling/Collecting Work, Personnel and Equipment
	I. Deliverable Products
	J. Logistics of Equipment and Personnel
	K. Archiving
	L. Liquidated Damages
	M. Equipment - Title Vested With Contractor
	N. SUSIO Support to BLM for Photographic Coverage/Documentation of MAFLA Survey
	O. Meetings of SUSIO Consortium Participants and BLM Representatives for Detailed Discussions of Present MAFLA Survey and Future Monitoring Program
	P. Authorized BLM Representatives

	VII. SUMMARY OF SCIENTIFIC RESULTS
	A. Introduction
	B. Environmental Setting
	C. Objectives of Study
	D. Geological Substrate Characterization
	1. Lithology
	2. Remote bottom photography

	E. Benthic Populations
	1. Sampling strategy and gross biomas
	2. Polychaetous annelids
	3. Micromollusca
	4. Foraminifera
	5. Epifauna and epiflora
	6. Histopathology of benthic invertebrates
	7. ATP measurements

	F. Water Column Studies
	1. General approach and water properties
	2. Nutrients, chlorophyll, organic carbon, total particulate matter and ATP
	3. Phytoplankton; sargassum
	4. Zooplankton

	G. Hydrocarbons
	1. Water column: sea water, zooplankton, suspended matter, and benthic organisms
	2. Sediments

	H. Heavy Metals
	1. Water column: zooplankton, suspended matter, and benthic organisms
	2. Sediments

	I. Environmental Applications and Conclusions
	J. References


	BACK COVER



