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FOREWORD 

T h i s  i s  one i n  a  s e r i e s  of d a t a  r e p o r t s  d e r i v e d  from oceanographic  
c r u i s e s  i n  s u p p o r t  of t h e  OTEC Program. The purpose  of  such r e p o r t s  i s  
t o  make t h e  u n i n t e r p r e t e d  d a t a  a v a i l a b l e  t o  d a t a  u s e r s  and i n t e r e s t e d  
s c i e n t i s t s  a s  soon a s  p o s s i b l e  a f t e r  t h e  u s u a l  pos t  c r u i s e  c o r r e c t i o n s  
a r e  made. Data w i l l  be a v a i l a b l e  from: 

N a t i o n a l  Oceanographic Data Cen te r  
A t t n :  E .  F r a n k l i n  Johnson 
2001 Wisconsin  Avenue, N.W.  
Washington,  D.C. 20235 

I n  t h i s  manner, r e s e a r c h e r s  can i n t e r p r e t  t h e  d a t a  a s  a  f u n c t i o n  of t h e i r  
own e x p e r i e n c e .  A f t e r  t h e  e q u i v a l e n t  of one y e a r ' s  d a t a  a r e  taken a t  any 
one s i t e  o r  r e g i o n ,  an annua l  review w i l l  be p u b l i s h e d  t h a t  w i l l  r e c a p i t u l a t e  
t h e  d a t a  i n  t h e  c r u i s e  r e p o r t s  and i n c l u d e  i n t e r p r e t a t i o n s ,  summary graphs 
and t a b l e s ,  and t o p i c a l  d i s c u s s i o n s  by t h e  v a r i o u s  p r o j e c t  workers .  

A number of a r c h i v a l  s t u d i e s  of t h e  ecosystem i n  t h e  Gulf of Mexico 
have been made o r  a r e  i n  p r o g r e s s :  

H i s t o r i c a l  d a t a  on t h e  the rmal  r e s o u r c e  and c u r r e n t s  ( c o v e r i n g  t h e  
y e a r s  1965-1976) were exp lo red  by M o l i n a r i  and F e s t a  (1978) and C r a i g  e t  
a l .  (1978) .  Data t aken  s i n c e  t h e n  a r e  analyzed i n  Thomas, Minton and Molinar i  
(1979) .  Data concern ing  t h e  l o o p  c u r r e n t  have been r e p o r t e d  on by T i d w e l l ,  
Cardwel l ,  M o l i n a r i  and Ortman (19781, and M o l i n a r i  e t  a l .  (1977) .  

Cumrnings, Atwood and Parker  (1979) reviewed t h e  l i t e r a t u r e  on n u t r i e n t s  
aand d i s s o l v e d  oxygen of  t h e  a r e a .  L i t e r a t u r e  c o v e r i n g  t o x i c s  i n  t h e  Gulf 
( m e t a l s  and o t h e r s )  i s  n o t a b l y  s c a r c e  a l though  a  s u r v e y  i s  c u r r e n t l y  i n  
p r o g r e s s  a t  Lawrence Berke ley  Labora to ry  (LBL).  

E l  Sayed (1972) c a r r i e d  o u t  an  e x t e n s i v e  s u r v e y  a t  phytoplankton - 
which i n c l u d e s  a  review of p r e v i o u s  s t u d i e s  i n  t h e  a r e a .  

C u r r e n t l y  a t  LBL, a r c h i v a l  s t u d i e s  a r e  i n  p r o g r e s s  on a  v a r i e t y  of 
t o p i c s :  chemical  ( i . e . ,  n u t r i e n t s  and t o x i c s ) ,  p h y s i c a l ,  g e o l o g i c a l ,  and 
b i o l o g i c a l  ( i . e . ,  p h y t o p l a n k t o n ,  zooplankton,  mammals, f i s h  and biomass 
i n d i c a t o r s ) .  
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I .  INTRODUCTION 

E c o l o g i c a l  measurements impor tan t  f o r  env i ronmenta l  assessment  of 
t h e  e f f e c t  of an o p e r a t i n g  Ocean Thermal Energy Convers ion p l a n t  were in-  
i t i a t e d  i n  J u l y  1977 a t  t h e  proposed Gulf of Mexico s i t e  o f f  t h e  c o a s t s  
of L o u i s i a n a ,  M i s s i s s i p p i ,  Alabama and F l o r i d a  ( F i g .  1 ) .  The i n i t i a l  c r u i s e  
of t h e  OSS R e s e a r c h e r ,  i n  a  j o i n t  e f f o r t  w i t h  t h e  A t l a n t i c  Oceanic and 
M e t e o r o l o g i c a l  L a b o r a t o r i e s  (AOML) of t h e  N a t i o n a l  Oceanic and Atmospheric 
A d m i n i s t r a t i o n  (NoAA), and Lawrence Berkeley Labora to ry  (LBL) took p lace  
from 12-23 J u l y  1977. The s t a t i o n  l o g  appears  a s  Tab le  1 .  I t  covers  on ly  
those  s t a t i o n s  a t  which e c o l o g i c a l  samples a s  w e l l  a s  physical -oceanographic  
samples were t aken .  Wherever p o s s i b l e  t h e  e c o l o g i c a l  s t a t i o n  number i s  
t h e  same a s  t h e  p h y s i c a l  oceanographic  s t a t i o n  number. I f  e c o l o g i c a l  samples 
were t aken  and no p h y s i c a l  measurements were made, t h e  s t a t i o n  number i s  
d e r i v e d  by add ing  an A t o  t h e  s t a t i o n  number immediate ly  p reced ing  i t .  
Samples were taken a t  two g e n e r a l  l o c a t i o n s :  one o f f  Cuba and the  o t h e r  
a t  a  p o s s i b l e  OTEC s i t e  l o c a t e d  o f f  Mobile,  Alabama ( s e e  F ig .  1 ) .  S t a t i o n s  
a t  which samples were t aken  w i t h i n  t h e  g e n e r a l  a r e a  of t h e  s i t e  a r e  shown i n  
Fig .  2. 

The measurements were taken a t  15 oceanograph ic  s t a t i o n s  t o  a  maximum 
dep th  o f  1000 m.  Water was ana lyzed  f o r  t r a c e  m e t a l s ,  n u t r i e n t s  and chloro-  
p h y l l  a  and ATP. P h y s i c a l  d a t a ,  s a l i n i t y  and d i s s o l v e d  oxygen measurements 
were s u p p l i e d  by NOAA-AOML. Two b i o a s s a y s  were c a r r i e d  o u t  u s i n g  indigenous  
phy top lank ton  t o  e s t i m a t e  t h e  e f f e c t  of deep w a t e r  on t h e  r a t e s  of 14c02 
uptake of  p h o t i c  zone a l g a e  ( S t a t i o n s  8 and 20) .  The Deep S c a t t e r i n g  Layer 
(DSL) was moni tored a t  t h e  s i t e  by a  c o n t i n u o u s l y  r e c o r d i n g  12 kHz depth  
sounder a t  t h e  Mobile s i t e .  

T h i s  r e p o r t  p r e s e n t s  d a t a  c o l l e c t e d  d u r i n g  t h i s  c r u i s e .  The a n a l y s i s  
of  t h e  p h y s i c a l  oceanograph ic  measurements which were made by AOML appear  
i n  Thomas, Minton,  and M o l i n a r i  (1979) .  R e s u l t s  t aken  from e c o l o g i c a l  
s t a t i o n s  a r e  p r e s e n t e d  h e r e .  A more d e t a i l e d  a n a l y s i s  of t h e  d a t a  w i l l  
be p u b l i s h e d  upon comple t ion  of  a  s e r i a l  s u r v e y  a t  t h i s  s i t e .  Appendix 
A g i v e s  t h e  d a t a  g r a p h i c a l l y  i n  p r o f i l e s  a s  a  f u n c t i o n  of  dep th .  Appendix 
B l i s t s  t h e  s t a t i o n  d a t a  i n  t a b l e s .  

11. STATION MEASUREMENTS 

Hydrocas ts  were made u s i n g  a  1 2 - b o t t l e  r o s e t t e  sampler  equipped w i t h  
1.7- and 2 . 5 - l i t e r  Nisk in  b o t t l e s .  Sea w a t e r  from t h e  h y d r o c a s t s  was pro- 
cessed  on deck a s  summarized i n  t h e  s t a t i o n  l o g   a able 1 ) .  Methods a r e  
d e s c r i b e d  i n  S e c t i o n  I11 below. They w i l l  be d e s c r i b e d  more f u l l y  i n  a  
r e p o r t  on a n a l y t i c a l  t e c h n i q u e s  which w i l l  be p u b l i s h e d  l a t e r .  The follow- 
i n g  samples and o b s e r v a t i o n s  were made: 

Temperature and S a l i n i t y  

Da ta  was t a k e n  a t  S t a t i o n s  7 ,  9 ,  10,  11, 13 ,  16 ,  18 ,  20, 22, 25 and 28,  
and appear  i n  t a b u l a r  form i n  Appendix B and a r e  p l o t t e d  i n  Appendix A ,  
F i g s .  A-1 through A-10. AOML-NOAA a l s o  took,STD p r o f i l e s ,  which appear  i n  
Thomas, Minton and M o l i n a r i  (1979) .  



XBL 797-2048 

Figure 1. Gulf of Mexico GOTEC-01 Mobile Site Station 
Location off Mobile, Alabama. 



XBL 797- 2049 

Figure 2. Gulf of Mexico GOTEC-01 Mobile Site Station 
Location off Mobile, Alabama, Detail. 
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Table 1. OSS Researcher Station 1,og (continued) 

Station Date Time Za (EDT) Posit ion Operat ionsb 

28 22 July 1977 203: 10:45Z 28O57.8'N x 88O1.5'W ATP @ 0,25,50,100,150,200,300,500,600,800,1000 m 
(0645) Nutrients @ 50,100,150,200,800,1000 m 

on deck Temperature @ 100,200,600, 1000 rn 
Salinity @ 0,25,50,100,150,500,600,1000 m 
Dissolved oxygen @ 0,25,50,200, 300,400,500, 

600,1000 m 

aFirst'time given ( 2 )  is Greenwich Mean Time (GMT); second is Eastern Daylight time (EDT). 
b~epths of operations are approximate. 

Abbreviations and Procedures: 

ATP = Adenosine triphosphate sea water filtered through 0.45 pm t4illipore@ filter placed in boiling tris buffer 5 min; test 
tube, filter, and buffer frozen. 

ORG = Organisms, sea water killed with Lug01 solution and filtered through 0.45 pm Millipore@ filter; dried for microscope 
analysis. 

Chl 5 = Chlorophyll 2 ,  sea water filtered through glass filter. 
Metals = sea water decanted into 500 rnl bottles, refri erated. 
Nutrient. = sea water filtered with 0.45 prn Millipore6 filter; decanted into 500 rn1 glass bottles and stored frozen. 



Disso lved  Oxygen 

Samples were t aken  a t  S t a t i o n s  9 ,  11, 18,  20, 22, 25 and 28. 
The r e s u l t s  appear  i n  t a b u l a r  form i n  Appendix B ,  and i n  F i g s .  A-2 through 
A- 10 i n  Appendix A.  

Phy top lank ton  

Samples were c o l l e c t e d  on s e v e r a l  s t a t i o n s ;  however, they  were never  
q u a n t i t a t i v e l y  de te rmined .  A b r i e f  q u a l i t a t i v e  d e s c r i p t i o n  i s  inc luded  
i n  t h i s  r e p o r t .  

N u t r i e n t s  

Samples were t aken  a t  S t a t i o n s  25 and 28. R e s u l t s  appear  i n  F i g s .  
A-25 and A-26 i n  Appendix A,  and i n  Tab le  B-4 i n  Appendix B .  

Biomass I n d i - c a t o r s  

Adenosine t r i p h o s p h a t e  samples were taken a t  S t a t i o n s  5 ,  6 ,  6A, 9 ,  
18 ,  25 and 28. R e s u l t s  a p p e a r  i n  F ig .  A-11, A-12, A-19, A-21, and A-22 
i.n Appendix A and i n  T a b l e  B-2 i n  Appendix B. 

Samples t e s t e d  f o r  c h l o r o p h y l l  a  were t a k e n  a t  S t a t i o n s  6A, 8 ,  10 ,  
1 1 ,  13,  15 ,  16,  17 and 20. R e s u l t s a r e  shown i n  F i g s .  A-11, A-13, A-18 
and A-20 i n  Appendi-x A, and i n  Tab le  B-2 i n  Appendix B.  

Pr imary P r o d u c t i v i t y  

Ocean Water Mixing. E f f e c t s  of deep-water a d d i t i o n s  t o  su r face -wate r  
pr imary p r o d u c t i o n  were i n v e s t i g a t e d  u s i n g  14c a s  a  t r a c e r  and i n c u b a t i n g  
on s h i p b o a r d .  Methods a r e  d e s c r i b e d  i n  S e c t i o n  111, below. (See  t h e  d a t a  
on Pr imary P r o d u c t i v i t y ,  S t a t i o n s  8  and 20,  Appendix B ,  and F ig .  A-23 and 
A-24 of  Appendix A . )  

A r t i f i c i a l  S u b s t r a t e s .  S h o r t  p i e c e s  of Tygon t u b i n g  were t i e d  t o  the  
buoy and f i r s t  50 m of  anchor  l i n e  f o r  t h e  c u r r e n t  me te r  mooring. A f t e r  
a b o u t  7 days  i n c u b a t i o n  t i m e ,  pr imary p r o d u c t i v i t y  measurements were made 
t o  de te rmine  a u t o t r o p h i c  growth.  

Sonic  O b s e r v a t i o n s  of Deep S c a t t e r i n g  Layer (DSL) 

A Raytheon P r e c i s i o n  Graph ic  Recorder  (12 KHz) was run  a t  2-second 
sweep on t h e  OTEC s t a t i o n  from 18 J u l y  t o  22 J u l y  1977. The DSL d u r i n g  
t h e  day c e n t e r e d  a t  approx imate ly  240 fathoms (430 m u n c o r r e c t e d ) ,  r i s i n g  
t o  a t  l e a s t  40 fathoms (72 m u n c o r r e c t e d )  a t  n i g h t .  

Nekton 

Schools  o f  j acks  (Carang idae)  w i t h  s h a r k s  ( ~ l a s m o b r a n c h i i )  and dolphin  
f i s h ,  Mahi-Mahi (Coryphaena h i p p u r u s )  appeared on 21/22 J u l y .  Squid 
(cepha lopoda)  were observed a t  n i g h t .  



Birds 

Birds were very scarce at the Mobile Site, only a few terns and 
two cattle egrets were sighted. 

111. ANALYTICAL METHODOLOGY 

Physical and Chemical Measurements 

Temperature, salinity, depth, and dissolved oxygen data were provided 
by NOAA-AOML (see Molinari, 1979). 

Nutrients 

Samples for phosphate and nitrate analyses were collected by filtering 
sea water (0.2 pm millipore) and stored frozen in acid-washed citrate bottles. 
Storage time was approximately two weeks. 

Orthophosphate. Reactive phosphate was determined using the method 
described by Murphy and Riley (1963). This procedure depends on the reduc- 
tion of a stable phosphomolybdate complex by ascorbic acid in the presence 
of antimony. Absorbance of the blue sol ("molybdenum blue") is measured 
at 7700A and compared with standards made from potassium phosphate. 

Nitrate plus Nitrite. Nitrate plus nitrite was determined using the 
methods described by Hendricksen (1965) and Mullin and Riley (1955). A 
buffered hydrazine-copper reagent is to reduce nitrate to nitrite. Diazo- 
tization of sulfanilamide by nitrite followed by a coupling reaction with 
N-(1-Naphthyl)-ethylenediamine dihydrochloride produces a red azo dye. 
Its absorbance was measured at 5430A and compared with standards made 
from potassium nitrate and surface sea water. Incubation times for hydrazine 
reduction were kept short (112 hour) by keeping the samples warm (37OC). 

Care must be taken with interpretation of results obtained using hydrazine. 
Both reaction speed and total coloration depend on pH. Thus, standards 
made by adding known amounts of NO- to deep sea water samples could result 3 
in absorbances different from those observed by using surface water as 
a base. The advantages of the hydrazine method are that it is a fast and 
inexpensive method. 

Biochemical Measurements 

Chlorophyll a and ATP were measured using the methods described by 
Strickland and parsons (1972). Approximately 1 liter of seawater (absolute 
volume varied) was filtered for each chlorophyll a and ATP measurement. 
Chlorophyll a was extracted using 90% acetone and-determined by measuring 
optical absoFbance. Analyses were done at the Lawrence Berkeley Laboratory 
and the University oE California Sanitary Engineering Research Laboratory. 

Bioassay 

Indigenous phytoplankton (unconcentrated and unfiltered) from the 
photic zone were used to assay the biostimulation or toxicity of deep-water 
additions (1000 m) on rates of photosynthesis in the upper waters. An 



analogous system was used that reproduces some of the variability of the 
ocean but controls other factors. These analogs are routinely used at 
the University of California Sanitary Engineering Research Laboratory at 
Richmond on San Francisco Bay. The analog system consisted of a 12-hour 
light/l2-hour dark illuminated water bath with a flow-through sea water 
system for temperature control. Light levels were set at approximately 
20% of I,, i.e., 20% of the surface illumination at noon. Water from the 
photic zone, generally 25 m in depth, was mixed with varying proportions 
of deep water to simulate possible modes of upwelling in an OTEC plant. 
To other samples from the photic zone, various mixtures of major and minor 
nutrients and trace vitamins were added. Controls were undiluted 25 m 
water. Each treatment was replicated using 125 ml borosilicate glass re- 
agent bottles to which N ~ H ~ ~ C O ~  was added. Bottles were then incubated 
for 2 days to give sufficient time for differences in treatments to be- 
come measurable. Samples were killed using Lugol solution, filtered onto 
0.45 m ~ i l l i ~ o r e  @ filters and stored cold. Counts were recorded in the 
laboratory using a Geiger-Mueller counter (Nuclear-Chicago). 

Trace Metal Measurements 

Water samples were collected with 2.5 liter GO-  low@ bottles and 
stored in acid-washed conventional polyethylene bottles. One week after 
collection, the samples were acidified to pH 2 with double distilled NBS 
nitric acid. Duplicate acidified subsamples were solvent extracted and 
analyzed by flameless atomic absorption spectroscopy at Lawrence Berkeley 
Laboratory. The extraction procedure consists of the following: 200 ml 
of acidified sea water is adjusted to pH 5.3 ? 0.2 with 2 M trisodium 
citrate, and extracted with 5.0 ml of 1% APDC-DDDC aqueous solution with 
10.0 ml methylisobutyl ketone (MIBK). The MIBK extract is immediately 
back extracted with 2.0 ml 6N NBS HNO3 to stabilize the trace metals in 
solution prior to flameless atomic absorption analyzing (AM) analysis. 
All reagents are purified to reduce the metal contribution from reagent 
blank. The method is efficient for the determination of Cd, Cu, Fe, Ni, 
Pb and Zn in natural waters with a precision of better than 10% (Girvin 
and Tatro , in preparation). 

IV. DATA 

The results are listed in standard oceanographic format. As more 
field data are obtained, records will be kept on magnetic tape, using the 
NODC coding system and will be forwarded to NODC where it will be available 
to the public. Records are grouped into several categories: tables are 
presented in Appendix B of physical, chemical-nutrient, biological pigment, 
primary productivity, and trace metal data. Primary productivity results 
follow the biological tables and are descriptive. Serial data based on one 
year's results will be analyzed in a further report. 

Tem~erature and Salinitv 

Temperature and salinity data are in general agreement with Austin 
(1971) and Molinari and Festa (1978). From previous studies of this region 
(for example, Sackett, 1372; Jones, 19731, we know there are several water 
masses involved: (1) Tropical Surface Water, (2) Subtropical Underwater, 
(3) Antarctic Intermediate Water, and (4) Bottom Water of long residence 



time. Loop current intrusions are maximal in late summer-early fall, but 
might influence water in July at this station (Molinari, et al., 1977, 
Tidwell, et al., 1978). The main depths for ecological studies related 
to OTEC concern the mixed layer depth and the deep-water masses. In summer, 
there is a shallow mixed layer of 25 m. The Bottom Water is from a differ- 
ent source than the surface and has a residence time of 200 to 300 years 
(Matthews, et al., 1973). 

Water Chemistry 

Nutrient data shows results typical for a nutrient-limited stratified 
system and are in general agreement with the results of Curnmings, Atwood 
and Parker (1979). It is clear from these profiles that upwelling could 
stimulate growth. Trace metal values are low, possibly due to preservation 
methods as well as expected low ambient concentrations. 

Primary Productivity 

Biomass Indicators. Chlorophyll a evidenced a large variability 
probably due to phytoplankton patchiness as well as to variability in 
chlorophyll a (Chl a) laboratory analysis (absorbances were very close to 
the limit of-detectTon of the ~~ectrophotometer). Even with this varia- 
bility, the summer maximum of Chl a at about 100 m is deeper than normally 
might be expected, perhaps a resul; of strong surface light levels. It 
is unusual for chlorophyll a to persists at depth; non-zero values were 
seen at 200 m. The results-will be checked on subsequent cruises to test 
their validity. 

The ATP results appear to be somewhat erratic. Comparison of absolute 
values with those in the literature is not meaningful because of problems 
encountered with ATP standards supplied by Sigma Chemical Company. As 
reported by Sigma Chemical Company (Sigma Chemical Co., Urgent Bulletin, 
Feb. 1978), small amounts of vanadium contamination were found to inhibit 
enzyme activity. This resulted in an over-estimation of ATP values by 
a substantial amount (a possible factor of 10). Relative values are not 
affected, thus the depth profiles are comparable. Summer maxima were at 
100-150 m with a substantial amount of between-cast variability. 

Artificial Substrates. Analysis of attachment growths for the  on on @ 
tubing showed Chl - a ranging from zero to 0.002 pg for a 2 in. long tube 
of 112-in. diameter. The ATP was undetectable. Visual scans with a light 
microscope revealed no identifiable cells. 

Phytoplankton 

Data available for this location (~alech, 1967) indicate Chaetoceros 
was the dominant genus (May, 1964). In our study, Rhizosolenia were also 
found. Rhizosolenia (a summer dominant) have a symbiotic relationship 
with Richelia, a nitrogen fixing blue-green algae (Mague, et al., 1974). 
This may be an important factor in the summer nitrogen cycle. Better pres- 
ervation methods and live sample collection are currently under investiga- 
tion. 



Ocean Water Mixine 

Results for nutrient addition experiments showed major nutrients to 
be in balance. That is, only additions of all the major nutrients produced 
significant increases in the rates of photosynthesis of photic zone zone 
algae. No one nutrient such as nitrogen, iron or phosphorus was in such 
short supply that its addition produced a significant increase of photosyn- 
thetic activity. Marked stimulation occurred only for combined nutrient 
and vitamin addition. No deep-water sample alone was measured on this cruise. 
Subsequent experiments have shown that deep samples may contain viable 
algae. Interpretation, therefore, awaits completion of deep-water culturing 
experiments now in progress. 
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Appendix A. F i g u r e s  C o n t a i n i n g  Data  

Th i s  append ix  c o n t a i n s  f i g u r e s  d i s p l a y i n g  t h e  r e s u l t s  o b t a i n e d  on 
C r u i s e  GOTEC-01 (12-23 J u l y  1977) t o  t h e  Gulf of Mexico. 

F i g u r e s  A-1 th rough  A-10 show t h e  p h y s i c a l  oceanograph ic  d a t a  f o r  
t e m p e r a t u r e ,  s a l i n i t y  and sigma-T. The s t a n d a r d  d e v i a t i o n s  a r e  t o o  smal l  
t o  show i n  t h i s  s c a l e  and can be c o n s i d e r e d  t o  be l e s s  than  t h e  s i z e  o f  
t h e  d o t .  

F i g u r e s  A-11 th rough  A-22 show t h e  biomass i n d i c a t o r s :  Ch lo rophy l l  
and ATP ( a d e n o s i n e  t r i p h o s p h a t e ) .  No s t a t i s t i c a l  a n a l y s i s  can be made 
~r t h e  Chl - a  d e t e r m i n a t i o n s  a s  o n l y  one sample from each dep th  a t  each 

s t a t i o n  was t aken .  T h i s  was due t o  c o n s t r a i n t s  on t h e  volume of  wa te r  
a v a i l a b l e  f o r  b i o l o g i c a l  a n a l y s i s  from each h y d r o c a s t .  The same c o n s t r a i n t s  
prevented r e p l i c a t e  sampl ing t o  de te rmine  v a r i a n c e  i n  t h e  v a l u e s  f o r  adeno- 
s i n e  t r i p h o s p h a t e .  

F i g u r e s  A-23 and A-24 show t h e  pr imary p r o d u c t i v i t y  r e s u l t s .  The 
v a r i a b i l i t y  o f  t h e  measurement can be s e e n  i n  t h e  d i f f e r e n c e s  i n  t h e  con- 
t r o l s .  

F i g u r e s  A-25 and A-26 c o n t a i n  t h e  n u t r i e n t  d a t a .  I n s u f f i c i e n t  samples  
were c o l l e c t e d  t o  a n a l y z e  r e p l i c a t e  samples ,  s o  s t a t i s t i c a l  pa ramete r s  were 
n o t  c a l c u l a t e d .  

F i g u r e s  A-27 and A-28 show t h e  t r a c e  meta l  r e s u l t s .  The s t a n d a r d  
d e v i a t i o n s  a r e  shown, i n  Tab le  B-5 i n  Appendix B. 
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F i g u r e  A - 1  

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Sigma-T 

GOTEC-01, Station 7, Mob~le site, 2g001  8 ' ~ ,  87O59. I 'W 
17 July 1977, 0 1 4 8  h EDT ( I 9 8  : O 5 : 4 8 Z )  

* Curve partially constructed from STD doto. 
Symbols for STD data points were: Temp. - o ,Sal.- A 

+ From STD dat a 



F i g u r e  A-2 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen 

* Curve constructed portid& from STD doto. 
Symbols for STD daf a po/nt s were; Temp. - 0, Sol - A 

X B L  7 9 4 -  1163 
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F i g u r e  A-3 

PHYSICAL OC EANOGRAPHIC PARAMETERS 
Temperature, Salinity, D~ssolved Oxygen 

GOTEC-01, Stahon l l ,  M o b ~ l e  s ~ t e ,  2 9 O 0 2  3 ' ~ ,  88°01 9 ' ~  
I8 July 1977, 1700 h EDT ( 199 : 2 1 . 0 0 2 )  

Temp. (OC) 0 10 20 30 40 0- 

Sa I. (O/oo) 33 34 35 36 37 A ..-.... 
D.O.(mI/d) 0 2 4 6 8 l--- 



F i g u r e  A-4 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen, Sigma- T 

GOTEC-01, Station 13, Mobile site, 2 9 "  0 1 . 9 ' ~ ,  88" 0 0 . 4 ' ~  
19 July 1977, 0 3 4 4  h EDT ( 2 0 0 ; 0 7 :  4 4 2 )  

r 
' A. * 

A 
,A 

200  - ,A ' - 

- 

- 

- 

- 

1200 I I I 

Ternp*(~c) 0 10 2 0  30  4 0  0 - 
sol.* (Oleo) 33 3 4  35 36 3 7  A -. 
DaO. (mi&) 0 2 4 6 8 .----- 
Sigma T + 22 24 26 28 3 0  0 - - - -  

* Curve cmstructed f r m  STD data. 
+ From STD dota. 

XBL 794-1164 
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F i g u r e  A-5 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen, Sigma- T 

GOTEC-01, Stat~on 16, Mob~le s~te,  29' 0 1 . 8 ' ~ .  87' 5 8 . 9 ' ~  
19 July 1977, 1347 h E DT ( 2 0 0  : 17: 4 7  2 )  

~ e m p * ( ~ ~ )  0 10 2 0  3 0  40 0 -  

~a l . *  (O/oo) 3 3  3 4  3 5 3 6  3 7  A . . . . . . . .  

D.O. (m1/1) 0 2  4 6 8  B ---- 
S i g m a ~ ~  22  2 4  2  6 2 8  3 0  0 

* Curve partially consfrucfed from STD dofa. 
Symbols for STD data points were : Temp. - o , Sol.- A 

t Frwn S TD do fa 

XBL 794-1165 



F i g u r e  A-6 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen, Sigma- T 

GOTEC-01, Station 18, Mobile site, 29"01.7N, 88" 0 2 . 3 ' ~  
2 0  July 1977, 0214 h EDT (201:06: 142) 

* Curve portto/ly construcfed from S TD d o h .  
Symbols for S TD doto points were : Temp. - o , So/.- A 

+ F r m  STD duto 



F i g u r e  A-7 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen, Sigma- T 

* Curve porho//y constructed f rm S TD doh. 
Symboh used for S TD data poinfs were: Temp - 0, So/. -A 

t from s r D  doto 



F i g u r e  A-8 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen, Sigma- T 

GOTEC-01, Station 2 2 ,  Mobile site, 2 9 O  0 2 . 1 ' ~ .  87' 59.4'~ 
21 July 1977, 0314 h EDT ( 2 0 2 . 0 7 :  14Z)on deck 

  em ~ * ( o c )  0 
Sat.* 33 
D.O. (m l / ' ) O  
Sigma T+ 22 

* 
Curve porlio//y constructed f rm  ST" doto. 
Symboh used for S TD do to points were : Tmp -0, Sa/ -a 

tfrom ST0 doto 
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F i g u r e  A , - 9  

PHYSICAL OC EANOGRAPHIC PARAMETERS 
Temperature, Salinity, Dissolved Oxygen, Sigma-T 

GOTEC-01, Stot~on 25, Mobile site, 28O 58.3'~, 87O 5 8 . 3 ' ~  
21 July 1977, 1700 h EDT (202'21:OOZ) 

d ern^*(^^) 0 10 20 30 4 0  0- 

Sa I.* (O/oo) 33 34  3 5 3 6 37 A 
D.0. (ml/l) 0 2 4 6 8 .----- 
s i g m a ~ '  22 2 4  2 6 28 3 0  0 - - -  

* Curve partially consfrucfed f m  ST0 data 
Symbo/s for S TD data points were . Temp. - o , Sol,- A 

+ From S TD data 

X B L  794-  1168 



F i g u r e  A-10 

PHYSICAL OCEANOGRAPHIC PARAMETERS 
Temperature, Salinity. Dissolved Oxygen, Sigma -T  

GOTEC-01, Station 28, Mobile site, 28O 57.8' N, 88" 0 1 . 5 ' ~  
2 2  July 1977, 0 6 4 5  h EDT ( 2 0 3 :  10:45Z) 

Temp.*(OC) 0 10 20  30 4 0  0 - 
Sa I.* (0/00) 33 34 3 5  36 37 A . . . . . . .  
D.O. (ml/l) O 2 4 6 8 .---- 
S i g m a T t  22 24 26 2 8  3 0  0 - -.- 

* C u r ~  paholly c~~~sfrucfed f r m  STD doto. 
Symbok fcu S TD data points were ; ;Temp. - 0 , So/. A 

t From STD doto 

XBL 794-1169 



F i g u r e  A - 1 1  

BIOLOGICAL PIGMENT DATA 

CHLOROPHYLL a, ADENOSINE TRIPHOSPHATE 
GOTEC 

100 

200 

CI 

E 
U 

r - a 3001 
Q, 
n 

4 0 0  

500 

31, Station 6 A ,  near Cuba, 23"4 I. l 'N, 83"49,11w 
14July 1977, 1300 h EDT(195:17:00Z) 

CH L a (pg/c~) 0.1 0.2 0.3 0.4 - 
ATP ( p g / l )  0.2 0.4 0.6 0.8 A --- 



F i g u r e  A-12 

BIOLOGICAL PIGMENT DATA 
ADENOSINE TRIPHOSPHATE 

GOTEC-01, Station9, Mobile site, 29" 0 2 . 2 ' ~ ,  88"00.4b 
18 July 1977, 0222 h EDT ( 199 : O6:2 2 Z )  on bottom 

A T P  (,ug/.!) 0.2 0.4 0.6 0.8 A--- 

X B L 7 9 4 -  1172 



F i g u r e  A-13 

BIOLOG ICAL PIGMENT DATA 
CHLOROPHYLL a 

GOTEC-01, Station 10, Mobile site, 29" 02 .5 '~ ,  8 8 ' 0 ~ 9 ' ~  
18 July 1977, 1400 h EDT ( 199: 18:OOZ ) 

CHL a ( p g / A )  0.1 0.2 0.3 0.4 - 

x B L  794- 1173 



F i g u r e  A-14 

BIOLOGICAL PIGMENT DATA 
CHLOROPHYLL a 

GOTEC-01, Station I I, Mobile site, 2 9 ° 0 2 3 ' ~ ,  88" 0 1 . 9 ' ~  
I8 July 1977, 1700 h EDT ( 1  99 :  21: 0 0 Z  ) 

CH L a (pg/l) 0.1 0.2 0.3 0.4 - 

X B L  794- 1174 



F i g u r e  A-15  

BIOLOGICAL PIGMENT DATA 
CHLOROPHYLL a 

CHL a (pg /A)  0.1 0 .2  0.3 0.4 

GOTEC-01, Station 13, Mobile s i t e ,  2 9 "  OI .~ 'N ,  88" 00.8 
19 July 1977, 0344 h EDT (200: O i ' : 44Z)  

I 1 

- 

- 

400"- 

500 

b 

1 I 
- 

- - 

I I 1 



30 

F i g u r e  A-16 

BIOLOGICAL PIGMENT DATA 
CHLOROPHYLL a 

GOTEC-01, Station 15, Mobile site, 2g003 .7 '~ ,  87 °59 ,6 ' ~  
19 July 1977, 1200 h EDT (200: 16: 0 0 Z )  



F i g u r e  A-17  

BIOLOG ICAL PIGMENT DATA 
CHLOROPHYLL o 

GOTEC-01, Station 16, Mobile site, ~ 9 ~ 0 1 . 8 ' ~ ~  87O 5 8 . 9 ' ~  
19 July 1977, 1513 h EDT(200;19:13Z)on deck, 1345h  EDT ( 17:4 5Z)on bottom 

CHL a (pg/k') 0.1 0 . 2  0.3 0.4 - 



F i g u r e  A-18 

BlOLOG ICAL PlGM ENT DATA 
CHLOROPHYLL o 

GOT EC-01, Station 17, Mobile site, 29O 0 3 . 2 ' ~ ,  8 8 0 0 5 . 3 ' ~  
2 0  July 1977, 0137 h EDT (201: 05; 37Z 1 on deck 

CHL a ( P ~ / , L )  0.1 0 . 2  0 8 3  0.4 - 

X B L  794-1181 



2 0  July 

F i g u r e  A-19 

BIOLOGICAL PIGMENT DATA 
ADENOSINE TRIPHOSPHATE 

bottom 

GOTEC-01, Station 18, Mobile site, 2 9 " 0 1 . 7 ' ~ ,  88"  0 2 . 3 ' ~  

XBL 794-1182 

1977, 

100 

2 0 0  

3 0 0  

400 

5 0 0  / 
I 
I 
I 
I 
I 

i 

041 1 h EDT(201:08; I I Z )  on deck,02 14 h E DT (06:14Z)on 
I f 1 

d. 
1 . 

' + 
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F i g u r e  A-20 

BIOLOGICAL PIGMENT DATA 
CHLOROPHYLL a 

GOTEC -01, Station 20, Mobile site, 29O 0 3 , 0 ' ~ ,  8 7 O  5 8 . 3 ' ~  
2 0  July 1977,1453 h EDT (201  : 18:53Z), on &ck,1340 h EDT(1740Z)on bottom 

CHL a (pg / . )  0.1 0 .2  0.3 0.4 0- 

XBL 794 - 1176 



BIOLOGICAL PIGMENT DATA 
ADENOSINE TRIPHOSPHATE 

GOTEC-01, S to t~on  25, Mob~le site, 2 8 0 5 8 . 3 ' ~ ,  8 7 0 5 9 . 8 ' ~  
21 July 1977, 1700 h EDT (202 .21 .00Z)  

ATP (pg/ l )  0.2 0.4 0.4 0.8 1.0 



F i g u r e  A-22 

BIOLOGICAL PIGMENT DATA 
ADENOSINE TRIPHOSPHATE 

GOTEC-01, Station 28, Mobile site, 28O 57.8'N, 88°01.5'~ 
22 July 1977, 0 6 4 5  h EDT (203:10:45Z) on deck 



F i g u r e  A-23 

PRIMARY PRODUCTIVITY BIOSTIMULATI ON 
Nutrient Additions 

July 1977; 29O N, 88O W 

Fe 
Vitamins 

Approximates to increasing upwelling of 
nutrient-rich deep water 

XBL 797- 2046 

F i g u r e  A-23 .  N u t r i e n t  a d d i t i o n  b i o a s s a y  of  s u r f a c e  wa te r  
(25  m) u s i n g  t h e  p h o t o s y n t h e t i c  carbon uptake of  phyto- 
p lank ton  i n d i g e n o u s  t o  t h e  OTEC s i t e .  Open t r i a n g l e s  
a r e  17 J u l y  1977; c l o s e d  t r i a n g l e s  a r e  21 J u l y  1977. 
T h i s  b i o a s s a y  s e p a r a t e s  t h e  e f f e c t  o f  each major n u t r i e n t  
t h a t  would be  p r e s e n t  i f  deep (1000 m) w a t e r  were mixed 
w i t h  s u r f a c e  w a t e r ,  a s  proposed i n  some OTEC o p e r a t i o n s .  
Note t h a t  t h e  g e n e r a l  t r e n d  i s  a  l a c k  of  c o n s i s t e n t  
e c o l o g i c a l l y  impor tan t  s t i m u l a t i o n  u n l e s s  a l l  major  
n u t r i e n t s  and growth f a c t o r s  were added.  Shipboard 
i n c u b a t i o n  was f o r  56 h o u r s .  



F i g u r e  A-24 

PRIMARY PRODUCTIVITY BlOSTlMULATlON 
Deep Water Additions 
July 1977; 29" N, 88O W 

1 1 1 1 I I 

50% + 
Control 2% 10% 20°/0 50% Vitamins 

Additions ( O h  deep water) 

XBL 797-2047 

g u r e  A - 2 4 .  Bioassay o f  s u r f a c e  w a t e r  (25  m) u s i n g  t h e  
p h o t o s y n t h e t i c  carbon up take  o f  phy top lank ton  ind igenous  
t o  t h e  OTEC s i t e .  T h i s  b i o a s s a y  d e t e r m i n e s  t h e  d i r e c t ,  
s h o r t  term b i o s t i m u l a t i o n  o f  t h e  deep  w a t e r  (1000 m) 
t h a t  w i l l  be  upwelled by an OTEC p l a n t .  Note t h a t  t h e r e  
i s  no c o n s i s t e n t  e c o l o g i c a l l y  impor tan t  s t i m u l a t i o n  
show,  d u r i n g  t h i s  2 - 3  day p e r i o d .  P h o t o s y n t h e t i c  i n h i b i -  
t o r s  ( p o s s i b l y  i o n i c  c o p p e r )  could  accoun t  f o r  t h e  l a c k  
o f  r e sponse  and d i s c r e p a n c y  between t h i s  f i g u r e  and 
t h e  s t i m u l a t i o n  shown by s i m p l e  n u t r i e n t  a d d i t i o n  i n  
F i g u r e  A - 2 3 .  Open t r i a n g l e s  a r e  17 J u l y  1977; c l o s e d  
t r i a n g l e s  a r e  2 1  J u l y  1977. Shipboard i n c u b a t i o n  was 
f o r  56 h o u r s .  



F i g u r e  A-25 

NUTRIENT DATA 
Dissolved Oxygen, Nitrates, Phosphates 

GOTEC-01, Station 25, Mobile site, 28O 5 8 , 3 ' ~ ,  87" 5 9 . 8 ' ~  
21 July 1977, 1700 h EDT (202:  21: 0 0 2 )  

Nitrates (pg-at / l )  10 2 0  30 40 A ---- 
Phosphates (pg-ot/ .)  0 .5  1.0 1.5 2.0 ........ 

XBL 794-1 184 



F i g u r e  A-26 

JTRIENT DATA 
Dissolved Oxygen, Nitrates, Phosphates 

GOTEC-01, Station 28,  Mobile site, 28" 57.8' N , 8 8 ° 0 1 . 5 ' ~  
22 July 1977, 0 6 4 5  h EDT ( 2 0 3 :  10 :45  Z) on deck 

Nitrates ( p g - a t M )  10 2 0  3 0  40 A - - - -  
Phosphates( pg-at / ! )  0.5 1 .O 1.5 2 . 0  -..... 

XBL 794 - 1 183 



F i g u r e  A-27 

TRACE METALS 
Cadmium, Copper, Nickel, Lead, Zinc 

GOTEC-OI,Station 24, Mobile site, 29' 06.4'N, 87O58.8 '~  
21 July 1977, 1325 h EDT (202 : 17: 252) on deck 
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XBL 794-1186 



F i g u r e  A-28 

TRACE METALS 
Cadmium, Copper, Nickel, Lead, Zinc 

GOTEC-01, Station 27, Mobile site, 29O 02.4 '  N, 8 2 0 5 8 . 8 ' ~  
2 2  July 1977, 0 2 0 8  h EDT (203: 0 6 ~ 0 8 2 )  on deck 

XBL 794-1 185 



Appendix B. Tabular Data 

Statistical parameters were not routinely calculated for the data in 
Tables B-1 through B-4. Generally the following instrumental variabili- 
ties may be expected: 

Temperature: Bottle thermometer 
STD s 

Salinity: 0.0030/00 

As has been mentioned in the introduction to Appendix A, volume 
constraint prevented statistical analysis for the biological data. The 
nutrient data are generally considered to be within l o % ,  although a de- 
tailed analysis is currently underway to establish actual variability. 
Table B-5 contains the standard deviations observed for the trace metals. 



Table B-1. Phvsical oceanographic parameters from OSS Researchrr, Gulf of Mexico, 
13-22 July 1977 (GOTEC-1). 

Observed Interpolated Compu t ed 

Observed Dissolved Standard 
depth Temp. Salinity oxygen depth Temp. Salinity Ut 

( m )  (OC) (O/oo) (ml/L) (m) (OC ( O/oo) 

Station 7. 

Station 9. 

Station 

P0sition:29~ 01.8'N x 87059.11W (Mobile Site), 17 July 1977, Time: 198:05:48Z, 
0148 EDT 

Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 
Not taken 

~osition:29~02.2'~ x 88°00.4'~ (Mc 
0222 EDT (on bottom) 

)bile Site), 18 July 1977, Time: 199:06:22Z, 

NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 

11. ~osition:29~ 02.3'N x 88' 01.9'W (Mobile Site), 18 July 1977; Time: 199:21:00Z, 
1700 EDT 

NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 



4 5 

T a b l e  B-1. P h y s i c a l  o c e a n o g r a p h i c  p a r a m e t e r s  f rom OSS R e s e a r c h e r ,  G u l f  of  Mexico, 
13-22 J u l y  1977  (GOTEC-I), c o n t ' d .  

O b s e r v e d  I n t e r p o l a t e d  C a p u t e d  

O b s e r v e d  D i s s o l v e d  S t a n d a r d  
d e p t h  Temp. S a l i n i t y  oxygen  d e p t h  Temp. S a l i n i t y  Ot 

(m) (OC) (O/oo ( m l / L )  (m) (OC) (Oleo) 

S t a t i o n  1 3 .  P o s i t i o n :  29001 .9 'N  x 88000.4 'W ( M o b i l e  s i t e ) ,  19 J u l y  1977;  Time 200 :07 :44Z 
( o n  d e c k ) ,  0344  EDT. 

S t a t i o n  1 6 .  P o s i t i o n :  29001.8 'N x 87058.9 'W ( M o b i l e  s i t e ) ,  1 9  J u l y  1977;  Time:  200 :19 :13Z,  
1 5 1 3  EDT (on  d e c k )  1 7 4 7 2 ,  1 3 4 5  EDT o n  b o t t o m .  

S t a t i o n  1 8 .  P o s i t i o n :  29001 .7 'N  X 88°02.3'W ( ~ o b i l e  s i t e ) ,  20 J u l y  1 9 7 7 ;  Time: 201 :08 :11Z,  
0 4 1 1  EDT, on  d e c k ,  0614 EDT, o n  b o t t o m  

2 9 . 1 1 0  36 . 0 8 1  
- 36 .112  

2 4 . 7 7 7  3 6 . 3 6 8  
2 0 . 4 1 6  36 .330  
1 8 . 8 7 5  3 6 . 3 8 6  
1 5 . 6 9 7  3 6 . 0 6 6  
1 2 . 0 1 8  3 5 . 4 9 0  

9 .154  35 .074  
7.632 3 4 . 9 1 6  

NOT AVAILABLE 
NOT AVAILABLE 
NOT AVAILABLE 



T a b l e  R - I .  P h v s i r a l  o c e a n o g r a p h i c  p a r a m e t e r s  from OSS R e s e a r c h e r ,  G u l f  o f  Mexico ,  
13-22 J u l v  1977 (GOTEC-I  1, c o n t ' d .  

O b s e r v e d  I n t e r p o l a t e d  Crnnput e d  

O h s e r v e d  D i  s s o l v e d  S t a n d a r d  
d e p t h  Temp. S a l i n i  t v  o x y ~ ~ n  d e p t h  Temp. S a l  i n i  t  y  I t  

(rn) (OC) ( O / o o )  ( m l / l )  (rn) ( O C )  ( o / o o )  

S t a t i o n  2 0 .  P o s i t i o n :  2 9 0 0 3 . 0 ' N  x 87058.3 'W ( ~ o b i l e  s i t e ) ,  20 J u l y  1 9 7 7 ,  Time: 201 :18 :53Z 
1453 EDT, on  d e c k :  1 7 4 0 2 ,  1340 EDT on  b o t t o m .  

S t a t i o n  2 2 .  P o s i t i o n :  29002 .11N x 87'59.4'W (Mohi lv  s i t e ) ,  21 .Jrily 1977;  Tirnr:  7 0 2 : 0 7 : 1 4 2 ,  
0314 EDT ( o n  d r c k )  0 4 5 5 2  nn b o t t o m .  

S t a t i o n  25 .  P o s i t i o n :  28058 .3 'N  x 87059.8 'W ( ~ o b i l e  s i t e ) ,  21 J u l y  1 9 7 7 ;  Time:  202 :21 :00Z,  
1700  EDT 



T a b l e  B-I. P h y s i c a l  o c e a n o g r a p h i c  p a r a m e t e r s  f rom OSS R e s e a r c h e r ,  G u l f  o f  Mexico ,  
13-22 J u l y  1 9 7 7  (GOTEC-l), c o n t ' d .  

O b s e r v e d  I n t e r p o l a t e d  Computed 

O b s e r v e d  D i s s o l v e d  S t a n d a r d  
d e p t h  Temp. S a l i n i t y  oxygen  d e p t h  Temp. S a l i n i t y  O t  . 

(m) (OC) (Oleo) ( m l I L )  (m) (OC) ( 0 1 0 0 )  

S t a t i o n  2 8 .  P o s i t i o n :  
0 6 4 5  EDT, 

2 8 0 5 7 . 8 ' N  x 8801.5 'W ( M o b i l e  s i t e ) ,  
on  d e c k  

22 J u l y  1977;  Time:  

aWire o u t  

b~ d a s h  i n d i c a t e s  t h a t  t h e  p a r a m e t e r  was n o t  m e a s u r e d  a t  t h i s  d e p t h .  



T a b l e  8-2 .  B i o l o g i c a l  Data from OSS R e s e a r c h e r ,  Gulf of Mexico,  13-22 J u l y  1977 ( G O T E C - 1 )  

Biomass I n d i c a t o r s  P m a s s  I n d i c a t o r s  

Observed C h l o r o p h y l l  5 ATP 
Depth ( p g / L )  ( ! J ~ / L )  

S t a t i o n  5 ,  P o s i t i o n :  23O20'N x 8Z047'W ( n e a r  Cuba) ,  
13 J u l y  1977 Time: 194:15:352 ,  1135 EDT 

S t a t i o n  6 ,  P o s i t i o n :  23O4.7'N x 82O45.2'W ( n e a r  
Cuba) ,  13  J u l y  1977 Time: 194:18:00Z, 1400 EDT 

S t a t i o n  6 A ,  P o s i t i o n :  23041.1 'N x 83049.1'W ( n e a r  
Cuba) ,  14 J u l y  1977 Time: 195:17:00Z, 1300 EDT 
( o n  d e c k )  

Observed C h l o r o p h y l l  2 ATP 
Depth ( l Jg /L)  ( u ~ / L )  

S t a t i o n  7 ,  P o s i t i o n :  29O01.8'N x 87059.1tW (Mobi le  
s i t e ) ,  17 J u l y  1977 ,  Time: 198:05:482,  0148 EDT 

S t a t i o n  9 ,  P o s i t i o n :  29O02.2'N x 88000.4'W (Mobi le  
s i t e ) ,  18 J u l y  1977 ,  Time: 199:06:22Z, 0222 EDT on 
bot tom 

S t a t i o n  1 0 ,  P o s i t i o n :  29002.5'N x 88°00.9'W ( ~ o b i l e  
s i t e ) ,  18 J u l y  1 9 7 7 ,  Time: 199:18:002 ,  1400 EDT 

aWire Out 

b~ d a s h  i n d i c a t e s  t h a t  t h e  p a r a m e t e r  was n o t  measured a t  t h i s  d e p t h  

CAn X i n d i c a t e s  t h a t  t h e r e  was an e r r o r  i n  t h e  a n a l y s i s .  



T a b l e  B-2. B i o l o g i c a l  Data  f r o m  OSS R e s e a r c h e r ,  Gul f  of Mexico,  13-22 J u l y  1977 (GOTEC-1) ( C o n t i n u e d )  

Biomass I n d i c a t o r s  Biomass I n d i c a t o r s  

Observed C h l o r o p h y l l  a ATP 
Depth (ug/L)  ( u g h )  

S t a t i o n  1 1 ,  P o s i t i o n :  29O02.3'N x 88O01.9'W ( M o b i l e  
s i t e ) ,  18 J u l y  1 9 7 7 ,  Time: 199:21:002 ,  1700 EDT 

S t a t i o n  1 3 ,  P o s i t i o n :  29O01.9'N x 88°00.4'W ( M o b i l e  
s i t e ) ,  19 J u l y  1977 ,  Time: 200:07:442,  0344 EDT 
(on  d e c k )  

Observed C h l o r o p h y l l  2 ATP 
Depth (p g/L) (p g/L) 

S t a t i o n  1 5 ,  P o s i t i o n :  29O03.7'N x 87O59.6'W (Mobi le  . 
s i t e ) ,  19 J u l y  1977 ,  Time: 200:16:002 ,  1200 EDT 

S t a t i o n  1 6 ,  P o s i t i o n :  29O01.8'N x 87O58.9'W (Mobi le  
s i t e ) ,  19 J u l y  1977,  Time: 200:19:132,  1513 EDT 
(on  d e c k ) ;  17452,  1345 EDT (on bot tom)  

S t a t i o n  1 7 ,  P o s i t i o n :  29003.2 'N x 88005.3'W (Mobi le  
s i t e ) ,  20 J u l y  1977 ,  Time: 201:05:372 ,  0137 EDT (on  
d e c k )  
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Table B-3. Primary Productivity Results from OSS Researcher, Gulf of Mexico (GOTEC-1) (Continued) 

Station 20: 29003.01N, 87O58.3'W; Mobile site, 17 July 1977, Time (start) 201:20:152(1615 EDT), (finish) 204:02:40(2240 EDT), 
(total time) 54 hr. 25 min., (time with light on) 34 hr. 55 rnin. 

Incubation: In water bath at surface temperature (approximately 28OC). Light level at approximately 20% of incident surface 
radiation. 

Description: a) Test effects of primary productivity of deep water additions (DWA) of 1000 m sea water to surface water.(25 m). 
b) Test effects of nutrient additions of surface productivity Nutrients added were NO3 (14.3 pg-at L-1). Pyq 
(3.23 pg-at L-I), Fe (0.18 yg-at L-I) and vitamins (100 yg L - ~  thiamine HCL, 0.5 y g  at L - ~  biotin, 0.5 ~g L- 812). 
c14 uptake is recorded as counts per minute per liter of sea water (surface plus deep water in case of add~tions) 
per microcurie of added c14. Estimated counting error is about 2% (average). 

Bottle - Sample 

Control 
Control 
Control 
Control 
1:49 DWA 
1:49 DWA 
1 :9 DWA 
1 :9 DWA 
1:4 DWA 
1 :4 DWA 
1 :1 DWA 
1 :1 DWA 

Counts - Bottle Sample 

1:l DWA + Vit 
1:1 DWA + V i t  
NO3 
NO3 
PO4 
PO4 
 NO^ + p04 
NO3 + PO4 
NO3 + PO4 + Fe 
NO3 + PO4 + Fe 
NO3 + PO4 + Fe + Vit 
NO3 + PO4 + Fe + Vit 

Counts - 



O O O N  
1 1  . . . .  I l l 1  
1 1 0 0 - \ 0 1 1 I I  

d - 



U . S .  GPO: 1919-689-169(F-51) 




