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ABSTRACT

This report presents original data giving
enumerations of the red tide organism, Gymnodinium
breve , and associated chemical and hydrographic
data for the period from February 1954 to July 1957.
Methods of collecting and analyzing samples are
described. It contains counts of G. breve, data on
salinity, pH, copper, inorganic phosphorus, total
phosphate, nitrate-nitrite, carbohydrates, and pro-
tein equivalents. These data were collected as

part of a study on the distribution and incidence
of G. breve , and related ecological conditions.



COUNTS OF RED TIDE ORGANISMS, Gymnodinium breve , AND ASSOCIATED
OCEANOGRAPHIC DATA FROM FLORIDA WEST COAST, 1954-57

Extensive fish kills have occurred
frequently in recent years, in the waters
along the southwest Florida coast, accom-
panied by areas of discolored water. This
condition, commonly known as red tide, is

caused by blooms of the dinoflagel late
Gymnodinium breve , Davis.

Earlier outbreaks of red tide have
been described by Galtsoff (1948), Gunter
et al. (1948), Lackey and Hynes (1955),
Wilson and Ray (1956), and others. A
bibliography of red tides in Florida waters
was compiled by Hutton (1956).

Since the identification of G. breve
in 1947, field studies have been conducted
by the U. S. Fish and Wildlife Service to
determine its incidence and distribution
in Gulf coastal waters and to expand exist-
ing knowledge of associated ecological
conditions. The phosphorus content of
these waters from May 1949 through January
1951 has been published by the Service
(Graham, Amison, and Marvin 1954). This
was followed by a report on the oceano-
graphic observations from May 1949 through
July 1951 (Marvin 1955a). In continuation
of the policy of publishing original data
for the use of research agencies or indi-
viduals interested in the red tide problem,
this report presents in tabular form the
original hydrographic and biological obser-
vations for the period from February 1954
to July 1957.

The field work was discontinued from
1952 until it was resumed by the Service
in early 1954, but laboratory work on the
culture of G. breve was started in the
interim. For some results of this work
see Ray and Wilson (1957).

The sampling stations (figs. 1-5)
extend approximately 210 miles along the
Florida coast chiefly in the coastal and
offshore waters from Clearwater to Marathon.
The station locations, except for some that
are in upstream rivers and canals, are in

areas in which high concentrations of G.
breve were found. Most stations fall with-
in the 10-fathom line.

During the period covered by these
data there was little red tide activity.
The outbreak of 1952 was past, and the

1953-54 surgeace was on the wane in 1955;
from January 1955 through June 1957 no out-

breaks were recorded.

METHODS

Sampling techniques

At the start of intensive field
sampling in 1954, limited information was
available on which to base techniques for
G. breve sampling. Consequently, sampling
equipment and methods have undergone
changes to conform with expanding knowledge
of the organism.

Sampling was chiefly from the re-
search vessel Kingfish, a 43-foot, twin-
screw diesel cruiser, equipped with depth
recorder and radar. Samples have also
been collected with smaller boats, and a

seaplane was used extensively to reach
shallow bays and other less accessible
spots. Stations on canals and some at

beaches and rivers have been sampled from
the shore or bank.

Initially, surface water samples
were taken with a galvanized iron bucket
and subsurface samples by use of a 3-liter
modified Kemmerer sampler. To eliminate
possible metallic contamination of the
samples a polyethylene bucket has been in
use since October 1954 for surface samples.
The subsurface sampler was replaced by a

weighted polyethylene container in November
1954.

Immediately upon collection of a
sample, water temperature was measured with
a mercury centigrade thermometer to the
nearest tenth of a degree. The hydrogen
ion concentration was measured with either
a portable Coleman pH meter or a pocket-
size model manufacturered by the Analytical
Measurement Company, Inc.

Water samples for estimation of G.



breve abundance were poured from the col-
lection container into 2-liter Erlenmeyer
flasks previously rinsed with a small
amount of the sample water. During periods
of high air temperature, wet newspaper was
placed around the flasks to maintain a

stable temperature. Pieces of polyethylene
sheeting were placed over the mouth and
secured to the flask neck with rubber bands
to prevent spillage or contamination.

Water samples for salinity analysis
were collected at all stations in 4-ounce
Duraglass prescription bottles. Pyrex
glass bottles of 250 ml. capacity with
glass stoppers were used to collect water
samples for copper analysis. Total phos-
phorus, inorganic phosphate, nitrate-
nitrite, and carbohydrate and protein
equivalents were determined from quick-
frozen samples collected in 200 by 25 mm.
pyrex glass culture tubes, fitted with
polyethylene or polyethylene-lined screw
caps. All containers used for sampling
were chemically cleaned prior to use, and,
after collection of the water sample, were
sealed with plastic electrical tape for
later analysis.

Enumeration of Gymnodinium breve

Water samples for G. breve analysis
were usually examined within 24 hours after
collection. Most of the samples were con-
centrated (the organisms given time to move
to the surface of the sample) under 40-watt
fluorescent lights, but available lighting
was also used when a return to the field
station was not feasible. Satisfactory
concentration of the organism was obtained
with lights from 8 to 18 inches above the
flasks. The period of concentration at

room temperature under ordinary conditions
was ideally 16-18 hours, preferably over-
night, and a minimum concentration period
of 4 hours was observed.

Examination of sample aliquots for
the living organisms was made with a ster-
eoscopic, wide-field, inclined binocular
microscope equipped with 18X wide-field
eyepieces. The technique was as follows:

1. After the samples had been con-
centrated, three to six 1-milliliter ali-
quots were pipetted from the area just
beneath the surface of the water sample and
each deposited in the depression of a 3-

depression micro-plate. If no G. breve

were found in these aliquots, the water
sample was assumed to contain no G. breve
and the count was recorded as none.

For general detection and for count-
ing of both concentrated and mixed samples,
magnifications of 54X and 144X were used.

2. If G. breve were observed in the
initial concentrated aliquots, the flask
was inverted several times to redistribute
the organisms throughout the sample of
water. Then, depending on the numbers of
G. breve per milliliter (1-99; 100-1000; or
more than 1000) in the examination of con-
centrated samples, 1.0 ml., 0.1 ml., or
0.01 ml. aliquot was pipetted from within
the flask to each of 3 depressions in a
micro-plate. The number of G. breve ob-
served per milliliter or fraction was then
recorded for each of the 3 aliquots. If
the count did not agree in 2 out of 3 of
these aliquots, an additional 3 aliquots
were drawn from the flask and examined.
The numbers of G. breve for all aliquots
were averaged and shown as the number per
milliliter of water. In cases where G.
breve were found in the surface layer of a

concentrated sample, usually in very low
numbers, but not in the mixed, or when no
counts were made of a mixed (or agitated)
sample, the symbol P is used to indicate
that the organism was present.

Counts were of the living organism;
no preserved or fixed specimens were used.
The counting technique assumes that after
several inversions of the flask G. breve
are randomly distributed. Until counts of
such agitated samples were instigated in
1955, however, most of the concentrated
samples were merely given an adjective
rating for abundance.

Chemical analyses

Salinities were determined by the

Mohr-Knudsen method described by Knudsen
(1901), Nitrate-nitrite determinations
were made by the method of Zwicker and

Robinson (1944) as modified by Marvin

(1955b).

The method of Robinson and Thompson
(1948) was used to determine amounts of
inorganic phosphates and the method of
Harvey (1948) was used in total phosphorus
determinations. Copper determinations
were by the analytical method of Hoste,



Eeckhout and Gillis (1953).

Arabinose equivalents of carbohydrates

were determined by the N-ethyl-carbazole
method of Erdraan as modified by Zein-Eldin
and May (1958).

Tyrosine equivalents of protein con-

tent were determined by a method developed
by Peter J. Wangersky as modified by Zoula
P. Zein-Eldin and B. Z. May in which the
amino-acid content equivalent to tyrosine
is obtained by hydrolysis in 0.375 N sodium
hydroxide solution.

The determination is carried out as

follows:

1. Thaw frozen samples.

2. Pipette duplicate 20-ml. samples
with a volumetric pipette into 50-ml. glass
reagent bottles with ground glass stoppers.

3. Add 20 ml. of 0.75 N sodium
hydroxide from an automatic burette.

hours.
4. Autoclave at 80 pounds for 2-3

Centrifuge for 20 minutes.

6. Read on the Beckman spectropho-
tometer, using the optical density scale.
Set wave length at 330 mu and use the ultra-
violet light source. Use the 5 cm. silica
cells and read against distilled water.

7. Treat blanks and samples of tyro-
since (1, 3, 5, mg. per liter) similarly.
Blanks are made up in protein-free artifi-
cial sea water. Standards are made up in a
low protein natural sea water, if available;
otherwise, artificial sea water is used.
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EXPLANATIIN .?

Time lifter- Srandirc line

5 :r B Surface or bottoa (occasionally
M f:r ti ;- :er th imd ictual de]

in feet).

7 Concentrated saaple. Shews

absence (0), or presence (P) when
no mixed counts were taken, of
liTe cells in 3 (or 6) 1 ml. ali-
r-tts cicectec fr;- surf are :f =

2-liter water saaple after expo-
sure from 4 to 24 (or more) hours
I artificial light (usually 40-

watt fluorescent lassp 8 t:

~es above surface cf sample).
P may als: indicate that live
;ells were present in the concen-
I cited sample when none were
found in the mixed samples.

M. Mixed sample. Average number of

live cells per ml. in 3 (or 6)
1 ml. aliquots from near center
of 2-liter water sample after
several inversions of s ancle

L'JMN HEADINGS

Sal.

Cu.

P04

In.

Tot.

Car.

Pro.

flask to distribute organissts

at random.

Salinity in parts per thousand.

Copper, pg-atA.

Phosphate.

Inorganic phosphate.

jig- at P04 - PA

Total phosphate.

pg-at P04 - PA

NO3 - NO2 Nitrogen. ug-at NO3 - NO2

NA

Carbohydrates. mgA arabinose

equivalents

.

Proteins. mgA tyrosine equi-
valents.





STATION A 2 (Ccr: .

S po4 *«y
NO

B C ' *• In. Tot. 2

Date rime oi C-. :r-.ve pH !C Sal. Cu. "*
-_Q Car. Pro.

195(

1/10 1515 SO - 12.0 30.77
2/1 1104 S C - 17.5 34. 4C

3/8 0;: : 5 - 22.5 35.53
4/12 0815 5 - -17.1 36.12
5/10 1115 s : .-.: 36.51

STATION A 3 De::- of 3C feet 27= 50 1 N 82° 57. 8 r W
1955



STATION A 4 (Cont'd)





STATION A 7 Depth of 6 feet



STATION A 7 (Con'd)



STATION A 8 (Cont'd)





STATION A 10 (Cont'd)



STATION A 11 (Cont'd)



STATION A 13 Depth of 35 feet 27° 42« N 82° 52' W



1



STATION A 15 (Cont'd)



STATION A 15 (Cont'd)

PO NO -

S 4 3 Car pro
Date Time or G. breve pH "C Sal. Cu. —— NO

B CM. In. Tot. 2.

9/24





STATION A 17 (Cont'd)



STATION A 18 (Cont'd)

Date



STATION A 19 (Cont'd)



STATION A 20 (Cont'd)







STATION A.25 Depth of 4 feet 27° 30' N 82° 34. 4' W



STATION A 25 (Cont'd)



STATION A 26 (Cont'd)



STATION A 28 (Cont'd)



STATION A 29 (Cont'd)



STATION A 30 (Cont'd)



STATION A 30 (Cont'd)



STATION A 32 Depth of 6 feet 27°23.8'N 82°37.4' W



STATION A 33 (Cont'd)

Date Time or G. breve pH -C Sal. Cu ^ N°3"
nB C. M. '

-
y

=-— NO Car
- Pro -

3/7 1350



STATION A 33 (Cont'd)



STATION A 35 (Cont'd)

Date Time
S

or
PO.

G. breve pH Sal. Cu.



STATION A 36 (Cont'd)





}



STATION A 39 (Cont'd)



STATION A 39 (Cont'd)

Date



STATION A 40 (Cont'd)

Date Time
S

or

B
G.

C.

breve pH
PO NO,.

1/31



STATION A 40 (Cont'd)





STATION A 42 (Cont'd)



STATION A 43 (Cont'd)



STATION A 45 (Cont'd)



STATION A 46 (Cont'd)



STATION A 47 (Cont'd)



STATION A 48 (cont'd)



STATION A 50 (Cont'd)

S PO NO-
ro

' Date Time or G. breve pH °C Sal. Cu. NQ
3

Car. Pro.— B C. M. In. Tot. 2

8/30





STATION B 2 (Cont'd)



STATION B 4 Depth of 3 feet 27" 06. 8' N 82° 26. 8' W
S PO NO-

Date Time or G. breve pH °C Sal. Cu. 4
Car. Pro.

In. TotT 2



STATION 3 5 Z±z:r. zi ~- in: 2~ ; :-..: :

:; : -
:

- : '

s po, : -

Da.:; Time cr G. breve pH °C 5aL C-.
*

T=.r. Pro.



STATION B 5 (Cont'd)





STATION B 7 (Cont'd)



STATION B 9 (Cont'd)



STATION B 10 (Cont'd)



STATION B 11 (Cont'd)





STATION B 13 (Cont'd)



STATION B 14 (Cont'd)

S PO NO-
4 3

Date Time or G. breve pH °C Sal. Cu. NQ Car. Pro.



STATION B 15 Depth of 52 feet 26° 52' N 82° 30. 5' W



STATION B 16 (Cont'd)



STATION B 17 (Cont'd)



STATION B 18 (Cont'd)



STATION B 19 (Cont'd)

Date



STATION B 21 Depth of 6 feet 26° 46.4' N 82° 14.

7

r W
S PO NO'
or G. breve pH °C Sal. Cu. 4

Q
3

B C. M. In. Tot. 2

Date Time or G. breve pH °C Sal. Cu. _ ^ _.•* Car. Pro.

1954
11/26 1545 S 700 - 21.0 33,53

1955
8/8 1715 SO - 30.8 35.75

8/9 1441 SO 31.5 35.37

8/25 0837 SO - 29.0 32.00

B0 29.

3

32.12

12/15 1439 SO - 19.0 35.97

12/19 1514 SO - 18.0 35.61
1956
7/19 0908 SO - 30.4 38.12

B0 30.5 38.10
1957
5/8 1200 SO - 25.0

STATION B 22 Depth of 6 feet 26° 45.6' N 82" 14.8' W
1954
11/26 1553 S - 2100 - 21.0 32.27

12/8 1408 S 225 - 17.5 31.94

12/22 1548 S 200 - 15.5 32.03
1955
4/5 1525 SO - 24.8 27.25

6/8 1331 SO - 29.9 36.19

7/18 1437 SO - 31.2 34.23

B0 30.8 34.00

8/2 1238 SO - 29.4 32.77

8/8 1711 SO - 30.9 34.56

8/9 1437 SO - 31.8 33.22

8/25 0831 SO - 30.0 32.55

B0 29.9 33.17

12/15 1445 SO - 19.4 35.18

12/19 1510 SO - 18.5 34.51
1956
7/19 0901 SO - 30.5 38.12

B0 30.7 38.21

SO - 25.2 31.78

STATION B 23 Depth of 6 feet 26° 44.9' N 82° 15. 1' W

1957
5/8 1145 SO - 25.2 31.78

1954
11/26 1350 S 340 - 21.0 30.68
1955
4/26 1425 SO 27.

2

36.31

B0 27.0 36.27

8/8 1707 SO - 30.9 34.34

8/9 1406 SO - 31.9 31.31

8/24 1713 SO 31.1 32.99

BO - 31.5 33.06

12/15 1343 SO - 19.0 34.75

70



STATION B 23 (Cont'd)



STATION B 25 (Cont'd)



STATION B 27 (Cont'd)



STATION B 28 (Cont'd)



STATION B 29 (Cont'd)



STATION B 30 Depth of 17 feet 26° 43.5* N 82° 14.

4

1 W
PO

Date Time or G. breve
B

PH SaJL Cu.
C. M. In. Tot.

NO.
3

NO,
Car. Pro.

1955
8/8 1640

8/9 1350

8/24 1707

9/17 1407

9/27 1332

11/1 1420

11/22 1016

1956
1/18 1457

7/19 0922

S

B
S

B
S

B
S

B
S

B
S

B
S

B

S

B
S

B

P
P

30.3

30.3

30.9
30.8

31.0

31.0

30.5

30.2

29.8
29.5
23. 1

23.5
21. 5

21.9

14.9

15.9

30.2
30.2

36.00

35.99
33.04
34.00

35. 12

35.05
27.39
30.73

28.96
32.99
34.65
34.56
34.38
34.47

35.50

35.54
37.41
37.35

1954
4/19
11/24

12/8
1955
1/20

4/26

6/8

6/27

7/18

8/2

8/8

8/9

8/25

12/1
12/15
12/19
1956
3/20
7/19

1957
5/7

STATION B 31 Depth of 5 feet 26° 42. 3' N 82° 11' W
0915 S

1137 S

1310 S

1200

1251

1240

1154

1400

1146

1805

1603

1106

1020
1300
1559

1429
0954

1247

S

B
S

B
S

S

s

B
S

s

B
S

B
S

B
S
S
s

16.3

16.4
16.6

27.0
27. 1

28.6
32.5
31.0

30.6
28.6
30.7
30.7

31.6
31.2

30.0

30.0
15.8
19.0
18.5

27.59
28.69
29.38

30.93
30.88
34.74
34.67

36.50
35. 14

33.71

34.58
31.09
31.20

32. 16

29.36
30.34
34.40

34.97
30.86
31.75
33.34

S
s o

B

S

19.9 36.52
31.0 37.68
30.5 37.66

25.3 28.50
76









STATION B 36 (Cont'd)



STATION B 37 (Cont'd)



STATION B 38 (Cont'd)



STATION B 40 (Cont'd)



STATION B 41 Depth of 12 feet 26°38'N 82° 04. I
1 W

S~~ PO NO-
Date Time or G. breve pH °C Sal. Cu. 4 no

3 Car. Pro.

B C. M. In. Tot. 2

1954
4/2



STATION B 42 (Cont'd)

PO.
Date Time or G. breve pH Sal. Cu.





STATION B 45 (Cont'd)



STATION B 46 (Cont'd)



STATION B 47 (Cont'd)

S PO NO
Date Time or G. breve pH °C Sal. Cu. 4 3 Car. Pro.

B C. M. In. Tot. 2

9/4 1045 S Z I 3070 37.94
9/13 0855 SO - 26.0 36.44
9/24 1204 SO - 28.0 35.56
10/2 1330 SO - 28.0 36.00
10/8 1114 SO 27. 1 34.63
10/17 1407 S P 24.7 35.50
10/25 1254 S P 25.6 35.55
11/1 1214 SO - 24.5 35.65
11/7 1236 SO - 23.5 36.05
11/15 1242 S P 21.7 36.48
11/19 1236 SO - 22.2 36.35
11/26 1032 SO - 18.5 36.20
12/3 1210 SO - 18.0 35.93
12/11 1344 SO - 21.2 35.82
12/21 0805 SO 22.5 34.72
1957
1/9 1435 SO - 20.0 35.90
1/15 1115 S P 20.5 35.83
1/22 1251 SO 18.5 36.10
1/28 1346 SO - 21.5 36.01
2/5 1053 SO 24. 35.55
2/11 1041 SO - 23.5 36.01
2/20 1304 SO - 22.0 36.15
2/26 1140 SO - 21.5 35.34
3/7 1504 SO - 21.3 34.47
3/12 1156 S P 19.5 35.18
3/18 1420 SO - 22.2 35.18
4/17 1117 SO - 23.5 35.06
5/3 1004 SO - 27.0 35.03
5/7 1312 SO - 25.5 33.70
5/14 1530 SO - 29.0 35.28
5/21 1102 SO - 30.5 34.18
6/3 1122 SO - 29.5 33.58
6/11 1140 SO - 29.5 35.71
6/17 1057 SO - 28.5 33.01
6/25 1348 SO-- - 30.82

STATION B 48 Depth of 7 feet 26° 33.4' N 82° 11' W
3/28 1300 S - 7.9 20.1 35.59 0.20BO - 8.0 19.9 35.70 0.17
4/26 1138 SO - 8.0 27.2 36.58 0.06

B - 8.1 27.5 36.60 0.08
7/18 1312 SO - 8.0 32.1 30.34 0.09

B - 8.0 30.7 35.64 0.00
7/20 1828 S - 8.

2

30.1 29.45 0.05

»9



STATION B 48 (Cont'd)









STATION B 56 (Cont'd)



STATION B 57 (Cont'd)

Date Time
S

or G.

PO
breve pH Sal. Cu.



STATION B 57 (Cont'd)

PO
Date Time or G. breve pH Sal. Cu.



STATION B 57 (Cont'd)





STATION B 59 (Cont'd)



STATION B 59 (Cont'd)



STATION B 60 (Cont'd)



STATION B 61 (Cont'd)



STATION B 63 (Cont'd)

S PO NO-
Date Time or G. breve pH °C Sal. Cu. 4 Car. Pro.

B C. M. In. Tot.
K °2

10/29 1012 S - 55

10/29 1408 S - 45

11/1 1335 S - 12

1955
1/2 1515 SO
1/27 0747 SO
2/8 1140 SO
2/23 0950 SO
5/19 1430 SO
6/10 1010 SO
6/17 0930 SO
7/7 1520 SO
7/14 1135 SO
7/27 1545 SO
8/2 1600 SO
8/12 1030 SO
8/15 1734 SO
8/24 1357 SO

B0
9/9 0900 SO
9/15 1620 SO
9/22 1200 SO
10/3 1445 SO
10/19 1440 SO
10/20 1652 SO

BO
10/26 1120 SO
11/8 1020 SO
11/28 1430 SO
12/13 1300 SO
12/19 1757 SO
1956
1/4 1345

1/11 1247

1/23 1600

3/26 1416

4/16 1558

5/22 1545

6/13 1618

7/2 1515

10/22 1241

10/29 1700

12/10 1634

s



STATION B 63 (Cont'd)



STATION B 64 (Cont'd)



STATION B 66 Depth of 30 feet 26° 28' N 82° 14' W

Date





STATION 3 70 (Cont'd)





STATION 3 72 (Cont'd)



STATION B 74 (Cont'd)

PO.

Date Time or G. breve pH Sal. Cu,



STATION B 74 (Cont'd)

S PO
(

NO -

Date Time or G. breve pJ °C Sal. Cu. J
Car. Pro,



STATION B 74 (Cont'd)

Date



STATION B 75 (Cont'd)

S PO NO
or G. breve pH °C Sal. Cu. 4

NQ
3

B C. M. In. Tot. 2

Date Time or G. breve pH °C Sal. Cu. NO Car. Pro.

2/28 1635 S

B
3/10 0926 S

3/16 1558 S

B
3/31 1004 S

6/20 1626 S

B
8/15 1651 S

B
8/24 1319 S

B
10/21 0811 S

B
11/30 1603 S

B
12/20 0904 S

1956
B °

1/30 1632 S

B
5/24 0854 S

B
6/13 1550 S

B
7/12 1532 S

B
7/19 1236 S

B
7/30 1533 S

B
11/19 0923 S

1957
B °

1/24 1045 S

B
1/30 1312 S P

B P
5/10 1155 S

B
5/16 1020 S

B

20.7



STATION B 76 Depth of 9 feet



STATION B 7o (Cont'd)

PO
Date Time or G. breve pH Sal. Cu.





STATION B 79 (Cont'd)



STATION B 79 (Cont'd)



STATION B 80 'Cont'd)

Date



STATION B 81 (Cont'd)

Date



STATION B 82 (Cont'd)



STATION B 84 (Cont'd)



STATION 3 84 (cont'd)



STATION B 85 (Cont'd)



STATION B 85 (Cont'd)

Date



STATION B 87 (Cont'd)



STATION B 88 (Cont'd)

Date















STATION C 1 (Cont'd)



STATION C 2 (Cont'd)



STATION C 2 (Cont'd)



STATION C 2 (Cont'd)



STATION C 5 (Cont'd)

S PO NO-
Date Time or G. breve pH °C Sal. Cu. J Car. Pro.

B C. M. In. Tot. NC
^

450
9/16



STATION C 5 (Cont'd)



STATION C 6 (Cont'd)

S PO NO-
Date Time or G. breve pH °C Sal. Cu. 3 Car. Pro.

B C. M. In. Tot.
N°2

1018 SO - 13.4 35.39BO - 13.9 35.68

3/1 1124 SO - 18.7 36.77

BO 18. 8 36.72

3/6 1510 SO - 25.6 36.77BO 25. 5 36.79

4/10 1029 SO 21.5 38.02

B0 - 21.7 37.93

12/11 1500 SO - 23.8 36.62

1957

4/25 1445 SO 27.

6

35.02

5/2 1352 SO 28. 1 35.12
STATION C 7 Depth of 18 feet 26*05. 8' N 81 48.7' W

1954

10/6 1535 S - 12S 28.6 25.73

10/12 1301 S - 700 27.3 33.55
10/25 1220 S - 950 23.6 33.55

11/18 1700 SO - 23.0

1955

8/18 1040 SO 30.6 34.27B0 - 30.6 35.10

8/22 0907 SO 30. 6 30.64B0 30.

8

33.91

8/31 1644 SO 31.3 31.87B0 30. 9 35.97

9/6 0950 SO 30.2 24.60

B0 30. 3 34.13

9/14 1747 SO 29. 5 18.80BO 29. 35.37

10/4 0829 SO 28. 27.59BO 28.

9

35.05

10/27 1736 SO 25.

3

34.83BO 24. 8 35.17

12/21 0813 SO - 19.0 35.35

BO 18.

9

35.34

0948 SO 28. 8 37.49

BO 28.

8

37.34
6/22 1000 SO 29.4 37.68BO 28.

8

37.54

141



STATION C 7 (Cont'd)

Date Time
S

or

B
G. breve pH Sal. Cu.

PO
4

C. M. In. Tot.

NO-
3

NO
2

Car. P]

7/12

7/19

11/20

12/6

1957

3/14

3/28

5/10

6/6

6/26

1955

2/8

7/22

8/4

8/18

8/31

9/14

9/29

10/21

11/3

1956

5/15

0907

1420

1037

1630

1003

1116

1007

1326

0900

S

B
S

B
S

B
S

B

S

B
S

B
S

B
S

B
S

B

P
P

STATION C 8

1423

1414

1659

1625

1610

1723

1639

1242

1609

1424

S

B
S

B
S

B
S

B
S

B
S

B
S

B
S

B
S

B

S

B
p

29.4
29.6
31.0

31.1

22.4
22.5

19.1

19.0

21.2
20.5

22.6

22.6
25.0

25.0

30.7

30.1

29.9

29. 8

Depth of 31 feet

250

95

18.2

18.2

30.0

31.1

30.0
30.0

30.0

30.0

30.3

30.2

29.2

29.2
29.8
29.8
24.8
24.8
24. 1

24.1

28.0
28.0

36.87

37. 56

38.04
38. 14

36.29
36.29
36.42

36.28

35.12
35. 16

34.67

34.93
35.38

35.34
35.65

35.90
36.42

36.43
26*05.2' N

35.44
35.43
36.45

36.35

34.88
35.84
35.64

35.75
34.42
34.87

34.47

35.46
35.53
35.64

36.26
36.17
35.53
35.53

37.11
37.23

81°54. 5' W
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STATION C 8 (Cont'd)

Date



STATION C 9 (Cont'd)

Date



STATION C 9 (Cont'd)

Date Time or G. breve pH
B C. M.

Sal. Cu.

p
9i

In. Tot.

NO-
3

NQ Car. Pro.

12/5 1418

12/20 1526

12/21 0813

12/22 1346

1956

1/30 1452

2/8 1447

2/23 1534

3/1 1628

3/5 1024

3/13 0740

3/21 1458

4/10 0649

5/1 0745

5/15 1442

5/22 1238

6/4 0917

6/19 0747

7/10 0804

7/11 1620

8/9 1020

S P
B
S

B
S

S

B

B
S

B
S

B
S

B
S

B
S

S

B
S

B
S
B
S

B
S

B
S

B

B

S

B
S

B
S

B
S

B
S

B

0. 3 -

22.0



STATION C 9 (Cont'd)

Date Time or G. breve pH Sal. Cu.

PO
4

NO-
3



STATION C 10 Depth of 20 feet 26°05. 2'N 81 "48. 5 'W

S PO NO-
Date Time or G. breve pH "C Sal. Cu. n Car. Pro.

B C. M. In. Tot. 2

1955



STATION C 11 (Cont'd)

Date Time or G. breve pH °C

B C. M.
Sal. Cu.

PO
4

NO-
3

In. ToT. N°2
Car. Pro.

3/6

4/10

12/11

1957

2/20

4/25

5/2

1954

3/22

5/7

8/3

10/25

12/9

12/31

1955

2/8

3/31

7/6

7/7

8/18

8/23

10/6

10/27

1457 S

B
1009 S

B
1450 S

1436 S

1452 S

1342 S

STATION C 12

0915

1000

1415

1322

1307

1100

1452

1217

1617

1606

1601

1635

1526

1707

S

B
S

S

B
S

B
S

B
S

B

S

B
S

B
S

B
S

B
S

B

S
B
S

B
S

B

P

25.2
24. 8

22.0

22.0

23.4

22.9

27.8
27.5

Depth of 31 feet

19.5

19.5
27.6

31.7

31. 1

24.2

24.2

20.1

19.5

19.7

18.7

150

3

150

25

350

70

45

25

18.4
18.5

21.4
21. 3

29.3
29.5
29.1

29.1

29.5
28.9

31.9
30.9

29.5
29.0
25.3

25.0

36.55
36.50

37.71

37.72
36.70

35.95

35.08
35.36
26°00.6' N

33.95

34.09
34.58

32.75

33.31

34.63

34.63

34.76

34.79
34.51

34.97

35.44
35.48

36. 18

36. 11

36.70
36.86
36.53

36.55
35.68
35.66

35.53
35.53
35.37
35.34
35.46

35.46

81 D 52.3» W
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STATION C 12 (Cont'd)



STATION C 13 Depth of 20 feet 26°00.9'N 81°46.8*W



STATION C 13 (Cont'd)



STATION C 14 (Cont'd)



STATION C 16 (Cont'd)



STATION C 18 (Cont'd)

Date Time or G. breve pH
B ~C. m7

Sal. Cu.

PO
4

In. Tot.

NO-
3

NO
2

Car. Pro.

12/28

1956

1202 19.6 34.88

1/12



STATION C 20 (Cont'd)

S PO NO-
4 3Date Time or G. breve pH °C Sal. Cu. NO Car. Pro.

B C. M. In. Tot. 2

12/31



STATION C 20 (Cont'd)

Date Time or G. breve pH Sal. Cu.

PO
4



STATION C 20 (Cont'd)



STATION C 21 (Cont'd)

S PO NO-
or G. breve pH °C Sal. Cu. N -~.

3

B C. M. In. Tot. 2

4 *
Date Time or G. breve pH °C Sal. Cu. NO

J Car. Pro.

1956



STATION C 22 Depth of 43 feet 25°56. 3'N 81°57'W



STATION C 22 (Cont'd)

Date



STATION C 24 (Cont'd)

S PO NQ-
Date Time or G. breve pH °C Sal. Cu. j^q

Car. Pro.

In. Tot. 2



STATION C 24 (Cont'd)



STATION C 25 (Cont'd)



STATION C 26 (Cont'd)



STATION C 27 (Cont'd)



STATION C 28 (Cont'd)



STATION C 30 (Cont'd)



STATION C 31 (Cont'd)



STATION C 32 (Cont'd)

Date



STATION C 33 (Cont'd)





STATION C 36 (Cont'd)



STATION C 37 (Cont'd)



STATION C 38 (Cont'd)



STATION C 39 (Cont'd)



STATION C 40 (Cont'd)

s P0
4

NO-

Date Time or G. breve pH °C Sal. Cu. NO Car. Pro.

B C. M. In« Tot« 2

1955





STATION C 42 (Cont'd)



STATION C 43 (Cont'd)



STATION C 44 (Cont'd)



STATION C 45 (Cont'd)



STATION C 46 (Cont'd)



STATION C 47 (Cont'd)



STATION C 48 (Cont'd)



STATION C 49 (Cont'd)



STATION C 49 (Cont'd)



STATION C 51 (Cont'd)



STATION C 53 Depth of 9 feet 25° 39.8' N 11" 22. 3' W



STATION C 54 (Cont'd)



STATION C 55 (Cont'd)



STATION C 56 (Cont'd)



STATION C 58 (Cont'd)



STATION C 59 (Cont'd)



57

A

: 60 (Cont'd)



STATION C c2 (Cont'd)





STATION C 66 (Cont'd)



STATION C 68 (Cont'd)



STATION C 69 (Cont'd)

Date Time
S

or G
B

PO
breve pH Sal. Cu.

NO'
3

NO Car. Pro.
C. M.



STATION C 70 Depth of 35 feet 25° 15' N 81° 34' W



STATION C 71 (Cont'd)

Date





STATION D 2 (Cc



STATION D 3 (Cont'd)



STATION D 5 (Cont'd)



STA.TION D o (Cont'd)



STATION D 7 (Cont'd)



STATION D 8 (Cont'd)

Date



STATION D 9 (Cont'd)

S PD XC^
Date Time or G. breve pH °C Sal. Cu. 4_ 3 Q&^ prQ _



STATION D 11 Depth of 9 feet 24° 59. 2' N 81° 00.7' W
g — fd ntt:

—
Date Time or G. breve pH °C Sal. Cu. nq Car. Pro.

B C. M. In. Tot. 2

1955
6/22 0802 SO 30. 1 36.96

B0 30. 1 37. 00

7/26 1620 SO - 30.5 38.40

B0 30.5 38.44

9/21 1626 SO 30.3 37.27

B0 - 29.9 37.27

10/5 1354 SO - 29.0 39.13

q56 B0 - - 29.0 39.16

1/31 1245 SO - - 22.5 35.98

2/7 1245 SO - 24.0 35.70

2/16 1210 SO - 23.5 36.14

2/28 1324 SO - 25.4 36.98

3/22 1130 SO - 18.4 37.47

4/17 1223 SO - - 25.0 38.94

4/24 1017 SO - - 25.0 38.88

5/2 1122 SO - 27.9 43.07

6/19 1055 SO - 28.0 43.60

7/2 1050 SO 29.6 42.27

7/25 1010 SO - 28.8 49.00

7/31 1000 SO - 30.0 48.00

8/7 0842 SO 30.5 47.20

8/16 1014 SO - - 31.0 43.99

9/5 1031 SO - 28.0 42.68

9/11 1132 SO - - 28.0 42.19

9/26 0930 SO - 27.7 39.92

10/1 0915 SO - 28.0 40.18

10/9 1008 SO - 28.5 39.41

10/18 1050 SO - 25.5 40.28

10/24 1117 SO - 27.2 38.73

11/6 1008 SO - 23.7 37.95

11/20 1647 SO 24.2 37.19

11/28 1032 SO - 17.5 35.31

12/5 1618 SO - 21.5 36.87

1957
1/15 1603 SO - 22.5

1/21 1017 SO - 19.0 36.20

2/19 1318 SO - 24.0 37.38

2/24 1004 SO 22.2 39.57

3/11 1015 SO - - 19.0 37.46

3/19 1007 SO - 25.0 38.53

4/2 1008 SO - - 24. 39.18

4/10 0819 SO - 27.5 41.32

4/15 1117 SO - 25.2 40.16

4/24 1152 SO - 26.0

5/ 8 1H5 SO - 26.0 43.35

5/15 1000 SO - 28.5 39.98

210





STATION D 13 (Cont'd)



STATION D 14 (Cont'd)





STATION E 4 (Cont'd)
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Figure 1.— Index map of southern Florida showing the five areas covered

by the detailed maps which give actual stations.
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