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ABSTRACT

This report consists of oceanographic data and counts
of the red tide organisms, Gymnodinium breve, for the

period from July 1957 to January I960. Methods of col-
lecting and analyzing samples are described. Data on
water temperature, water transparency, cloud amount,
salinity, copper, inorganic phosphate, total phosphorus, and
nitrate -nitrite nitrogen are presented. These data were
collected as part of a study on the distribution and incidence
of G. breve and related ecological conditions and extend the

records reported in a previous paper from 1954 to I960.

INTRODUCTION
This presents counts of the red

tide organism Gymnodinium breve
Davis with associated oceanographic
data. It is the fourth report on field

studies of the Florida red tide by the
U. S. Bureau of Commercial Fisheries.
The first two reports were by Graham,
Amison, and Marvin (1954) and Marvin
(1955a). The third report by Finucane
and Dragovich (1959) described the
background and objectives of the present
red tide investigations and recorded
counts of G. breve and associated oce-
anographic data from 1954 to 1957. The
purpose of these four publications,
covering collections from 1949 to 1952
and from 1954 through 1959, istomake
the basic data available.

Most of the earlier publications
dealing with the red tide phenomenon

in Florida waters are listed by Hutton
(1956). Ingle et al . (1959), Bein (1957),
and University of Miami 1 represent
more recent reports.

This report consists of two parts.
Part I includes data from 81 stations
(figs. 1-5, pages 9-11) within the 10-
fathom curve extending from Anclote
Key to Florida Bay. The data in Part
II were obtained from 3 8 stations (figs

6 and 7, page 105) located in Tampa Bay,
adjacent rivers and neritic waters ex-
tending to the 20 -fathom line.

The collection of data presented in

Part II was initiated after a careful
review of past red tide investigations

1 Red tide studies, final report. Marine Laboratory.

University of Miami, Coral Gables, Florida, 1957, 14 pp.

(Report to the Florida State Board of Conservation, 57-

1S, unpublished.)



at a symposium of specialists in marine
biology held at the Galveston Biological
Laboratory on March 5-7, 1958. It was
agreed that an intensive field study in a
smaller geographic area might lead to

a better understanding of red tide out-

breaks.

Most of the station locations are
in areas in which high concentrations of

G. breve have been observed. During
the period of this report two outbreaks
of red tide occurred. The first, com-
mencing in 1957 and lasting from the

end of September through December,
occurred chiefly in coastal waters and
bays from Anclote Key south to the

Shark River in the Florida Everglades.
River mouths were affected to a lesser
degree. The second outbreak occurred
during September through December
of 1959 in the coastal area between
St. Petersburg Beach and Cape Romano.
Both outbreaks caused heavy fishmor-
talities.

During the 1957 outbreak of red tide,

experimental application of copper sul-
phate as a possible control measure
was used in the coastal areas from
Anclote Key to Cape Romano by the

U. S. Bureau of Commercial Fisheries
in cooperation with the Florida State

Board of Conservation. Copper sulphate
was distributed from planes, boats, and
bridges in these areas. The results of

the large-scale test in the St. Peters-
burg area were reported by Rounsefell
and Evans (1958). As a result the

copper concentrations recorded during
this experimental application may not
necessarily represent the natural
levels of this element.

METHODS

Sampling techniques

The collections of water samples for
determination of salinity, copper, total

and inorganic phosphate -phosphorus,
nitrate -nitrite nitrogen, and abundance
of G. breve were made as described by
Finucane and Dragovich (1959), except
as indicated below.

For the data presented in Part I, the
surface water samples were collected
with a polyethylene bucket and sub-
surface samples with a weighted poly-
ethylene container. In Part II, all water
samples, except at river stations, for
salinity, nitrate -nitrite nitrogen, and
total and inorganic phosphate

-

phosphorus were collected with re-
versing Nansen water bottles. To
eliminate metallic contamination, the
water samples for G. breve counts and
copper analyses continued to be col-
lected in polyethylene containers, which
were replaced during this investigation
by modified Van Dorn sampling bottles
(VanDorn, 1957). Weighted polyethylene
containers were used to secure all

samples from the river stations. Water
samples were collected from four
evenly spaced depths, including surface
and bottom. At river stations they were
collected from surface and bottom only.

At all stations represented in Part I

and at the river stations in Part II,

water temperatures were measured
with a mercury thermometer to the

nearest 10th of a degree centigrade.
In Tampa Bay and neritic stations in

Part II, the water temperatures were
recorded with a thermistor (Whitney
underwater thermometer, model T65)
to the nearest 10th of a degree centi-
grade.

Enumeration of Gymnodinium breve

Water samples for G. breve counts
were usually examined within 24 hours
after collection. All of the samples
were concentrated (the organisms given
time to move to the surface of the sam-
ple) under 40-watt fluorescent lights.

Satisfactory concentration of the organ-
ism was obtained with lights 14 inches
above the flasks. The period of concen-
tration at room temperature was
usually 16-18 hours and never less than
4 hours.

Sample aliquots were examined for

living organisms with a stereoscopic,
inclined binocular microscope equipped
with 18X wide-field eyepieces. For
general detection and for counting of

both concentrated and mixed samples,
magnifications of 54X and 144X were



used. The technique was as fol-

lows :

1. After the samples had been con-
centrated, three to six 1 -milliliter

aliquots were pipetted from the area
just beneath the surface of the water
sample and each was deposited in the

depression of a 3-depression micro-
plate. Only one aliquot was taken during
the blooms of G. breve when high con-
centrations of the organism visibly-

discolored the water sample. If no
G. breve were found in these aliquots,
the water sample was assumed to con-
tain no G. breve, and the count was
recorded as none (0). The symbol "P"
is used to indicate the presence of the

organism in the concentrated sample.

2. If G. breve were observed in the
initial concentrated aliquots, the flask
was inverted several times to re-
distribute the organisms throughout
the sample of water in preparation for
the mixed count. The counting technique
assumes that after several inversions
of the flask G. breve are randomly dis-
tributed. Then, depending on the num-
bers of G. breve per milliliter in the
examination of the concentrated sam-
ples; i.e., 1-99, 100-1000, or more
than 1000, aliquots of 1.0, 0.1, or 0.01
milliliter were pipetted from within the

flask to a depression in a 3 -depression
micro-plate. The number of aliquots
used in determining the mixed count
was standardized at 5 or 10. Five
aliquots were used during bloom
periods of G. breve; 10 during non-
bloom periods. The number of G. breve
observed per milliliter or fraction
thereof was then recorded for each
aliquot. The arithmetic mean number
of G. breve for all aliquots was shown
as number per milliliter. When no
organisms were present in the mixed
sample, was recorded. All counts
were of living organisms.

Chemical analysis

Salinities were determined by the
Mohr-Knudsen method (Knudsen, 1901).
Nitrate -nitrite nitrogen determinations
were made by the method of Zwicker
and Robinson (1944) as modified by
Marvin (1955b).

The method of Robinson and Thomp-
son (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).
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EXPLANATION OF COLUMN
HEADINGS

Part I

Time

S or B

M.

Eastern standard time.

Surface or bottom (occa-
sionally M for mid -depth
and actual depth in feet).

Concentrated sample.
Shows absence (0) or pres-
ence (P) of live cells in one
to six 1 -milliliter aliquots
pipetted from surface of a
2-liter or smaller water
sample after exposure from
4 to 24 hours (or more) to

artificial light (40-watt
fluorescent lamp 14 inches
above surface of sample).

Mixed sample. Average
number of live cells per
milliliter was recorded in 5

(or 10) 1 -milliliter or frac-
tion of milliliter aliquots.
When no organisms were
present in the mixed sam-
ple aliquots, was used.



Sal.

Cu

P04
In.

Tot.

Water temperature in cen-
tigrade recorded to the
nearest 10th of a degree.

Salinity, parts per thou-
sand.

Copper, /ig.at./ 1.

Phosphate
Inorganic phosphate, /ig. at.

PO4-P/I.
Total phosphate, fig.a.t.

PO4-P/I.

Depth

NO3-NO2 Nitrogen, /ig. at. NO3-NO2-
N/l.

Part n

All column headings are the same as
in Part I, with the exception of the fol-

lowing:

CA

Tr.

Depth is coded as indicated
below:

1 Surface
2 First intermediate
3 Second intermediate
4 Bottom

Cloud amount coded as in-
dicated below:

No clouds
1 Less than 1/ 10 or 1/ 10
2 2/10 and 3/10
3 4/10
4 5/10
5 6/10
6 7/10 and 8/10
7 9/10 and 9/10 plus
8 10/10
9 Sky obscured

Water transparency in feet
at which Secchi disc is visi-
ble, recorded to the nearest
j.
z foot.





STATION DATA

Part I - Anclote Key to Florida Bay
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Figure 1. --Index map of southern Florida with areas A-D outlined.
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Figure 2. --Tampa Bay area showing station locations for Part I.
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Figure 3. --Charlotte Harbor area showing station locations.
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Figure 4. --Thousand Island area showing station locations.
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Figure .^.--Florida Bay area showing station locations.
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STATION A 1 Depth of 27 feet 27° 53. 2' N, 82°56. 5' W.

Date



STATION A 1 (Cont'd)



STATION A 1 (Cont'd)



STATION A la (Cont'd)



STATION A lb Cont'd)



STATION A lc (Cont'd)



STATION A Id (Cont'd)

Date



STATION A le (Cont'd)



STATION A lg



STATION A lg (Cont'd)

Date



STATION A lh (Cont'd)



STATION A li (Cont'd)



STATION A lj (Cont'd)



STATION A lj (Cont'd)

Date



STATION A 7 (Cont'd)



STATION A 7b



STATION A 7b (Cont'd)

Date



STATION A 7b (Cont'd)



STATION A 7c (Cont'd)



STATION A 7d (Cont'd)

Date



STATION A 7d (Cont'd)



STATION A



STATION A 10a



STATION A 10a (Cont'd)



STATION A 10b (Cont'd)



STATION A 10b (Cont'd)



STATION A 10c (Contd)



STATION A 10c (Cont'd)



STATION A lOd (Cont'd)



STATION A lOd (Cont'd)



STATION A lOd (Cont'd)



STATION A lOe (Cont'd)



STATION A lOe (Cont'd)



STATION A 15 (Cont'd)



STATION A 15a Depth of 16 feet 27°42. 5
' N. 82°44. 9'W.



STATION A 15a (Cont'd)

Date



STATION A 15a (Cont'd)



STATION A 15b (Cont'd)



STATION A 15b (Cont'd)



STATION A 17 (Cont'd)



STATION A 20 (Cont'd)



STATION A 20 (Cont'd)

Date



STATION A 23 (Cont'd)



STATION A 23 (Cont'd)



STATION A 24 Depth of 1 feet 27°31„7'N. 82°42. 2W.

Date



STATION A 24a (Cont'd)

Date



STATION A 30 (Cont'd)



STATION A 30 (Cont'd)



STATION A 30a (Cont'd)

Date



STATION A 33 De^th of 6 feet 27°22. 7'N. 82°38. l'W.
S

Date Time or G. breve °C. Sal. Cu. FC4 NO3-
B C. M. In. Tot. NO 2

1957

7/2 0955 S

7/9 0935 S

7/17 0949 S

7/25 1400 S

8/1 1158 S

8/12 0930 S

8/20 1006 S

8/26 0950 S

9/3 1212 S

9/10 1430 S

9/16 1230 S

9/23 1144 S

10/15 1030 S

10/21 1124 S

10/24 1027 S

10/28 1240 S

11/4 1244 S

11/14 0839 S

11/18 1210 S

11/25 0941 S

12/2 0921 S

12/6 1014 S

12/12 1424 S

12/19 1037 S

1958
2/11 0941 SO - 12.5 32.07 0.03

2/18 1032 SO - 10.0 31.09

3/17 1008 SO - 14.5 30.10 0.02

4/1 1128 SO - 19.7 29.31 0.01

4/15 0843 SO - 20.7 30.66

5/1 1315 SO - 27.8 32.25

5/20 1022 SO - 25.8 33.55 0.02

5/29 0836 SO - 28.5 34.22

6/11 0945 SO - 29.1 35.01 0.02

6/26 0804 SO - 28.5 34.23

c.



ST



STATION A 33a (Cont'd)



STATION A 35



STATION A 35 (Cont'd)



STATION A 35a (Cont'd)

Date



STATION A 39



STATION A 40 (Cont'd)



STATION A 46 (Cont'd)



STATION A 46 (Cont'd)



STATION A 46a (Cont'd)



STATION A 46b



STATION A 46b (Cont'd)



STATION B 5



STATION B 5a (Cont'd)



STATION B 5a (Cont'd)



STATION B 11



STATION B 14 (Cont'd)



STATION B 17



STATION B 19 (Cont'd)



STATION B 25



STATION B 42



STATION B 42 (Cont'd)

Date



STATION B 47 (Cont'd)



STATION B 57 (Cont'd)



STATION B 60 (Cont'd)



STATION B 76 (Cont'd)



STATION B 79 (Cont'd)



STATION B 85 Depth of 6 feet 26° 17. 5' N. 81°49. 3'W.



STATION B 93



STATION C 3 Depth of 19 feet 26°Q 7. 5'N. 81°49. l'W.



STATION C 7 (Cont'd)



STATION C 15



STATION C 16 (Cont'd)

Date



STATION C 20 (Cont'd)



STATION C 32a



STATION C 42



ST



STATION C 54 (Cont'd)



STATION C 64 (Cont'd)

Date



STATION C 72 (Cont'd)



STATION D 9



STATION DATA

Part II - Tampa Bay and adjacent waters





Figure 6. --Index map of southern Florida with outline of

area sampled in Part 11.

Figure 7.—Tampa Bay area showing station locations for Fart II.
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STATION 1 (Cont'd)

Date Time Depth G. breve CA Tr. °C. Sal. Cu. PO,
C. M. In. Tot.

NO 3-

N02
6/9



STATION 2 Depth of 15 feet 27 "42. 7' N. 82" 35. 8' W.
Date Time Depth G. breve CA Tr. °C. Sal. Cu. PO4 NO3-

C. M. In. Tot. NO 2
1958

~~
'

10/9 1010

1

2

3

4

11/6 0937 7

1

2

3

4
12/2 0931 3 5

1

2

3

4

1959

1/26 1033 9 8

1

2

3

4

2/19 0922 7 8

1

2

3

4

3/24 0811 4 5

1

2

3

4

4/9 0824 6

1

2

3

4

5/14 1352 9 9

1

2

3

4

108

26.6







STATION 3 (Cont'd)

Date





STATION 4 (Cont'd)

Date





STATION 5 (Cont'd)

Date Time Depth G. breve CA Tr. 'C. Sal. Cu.

C. M.
6/8 1035 7 8

1

2

3 ** ••

4

7/6 1127 2

1

2

3

4 -

8/18 0850 6

1

2

3

4

9/9 1056
1

2

3

4

10/15 1030

1

2

3

4

11/9 1018 7

1

2

3

4

12/16 0903

1

2

3

4





STATION 6 (Cont'd)

Date









STATION 8 (Cont'd)

Date





STATION 9 (Cont'd)

Date





STATION 10 (Cont'd)

Date





STATION 11 (Cont'd)

Date Time

6/8 1204

Depth





STATION 12 (Cont'd)

Date





STATION A (Cont'd)

Date





STATION B (Cont'd)

Date





STATION 13 (Cont'd)

Date





STATION 14 (Cont'd)

Date





Date





STATION 16 (Cont'd)

Date





STATION 17 (Cont'd)

Date









STATION 19 (Cont'd)

Date





STATION 20 (Cont'd)

Date Time Depth G. breve CA Tr„

C. M.
6/2 0807 2 9

Sal. Cu, PO<

7/1 1012

8/17 1256

9/10 1255

10/22 1500

11/12 1132

12/8 1116

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

O
O
O
O

O
O
O
O

P
P
P
o

o
p
p
p

p
o
o
o

o
o
o
o

p
o
o
o

In. Tot,

0.3
0.0
0.0

1.7

0.6

0.5

0.0

0.0

17

22

Hi

12|

3^

NO 3.

N0 2

27.5 34.79 0.04 0.5 0.9 1.2

27.4 34.83 0.04 0.5 1.2 0.7

27.5 34.72 0.04 0.6 1.1 0.3

27.5 34.75 0.04 0.5 1.0 0.5

31.0 32.39 0.02 4.1 5.5 0.1

30.0 32.36 0.05 4.1 5.5 0.1

29.7 33.84 0.03 1.7 2.6 0.1

29.7 35.25 0.02 0.6 1.1 0.4

30.7 31.69 0.02 0.5 0.8 1.0

29.0 31.76 0.00 0.7 1.0 0.4

28.7 32.18 0.00 0.6 1.1 1.2

28.7 32.30 0.00 0.8 0.8 0.7

29.6 29.94 0.04 3.8 4.3 0.1

29.2 31.67 0.03 2.0 2.4 0.1

29.2 33.31 0.00 0.9 1.0 0.1

29.2 33.51 0.02 0.6 0.9 0.2

27.2 33.03 0.03 0.4 1.1 0.2

27.2 33.40 0.02 0.7 1.0 0.5

27.2 33.49 0.03 0.8 0.8 0.3

27.2 33.49 0.01 0.7 1.0 0.1

21.8 32.21 0.04 - 3.3 0.2

22.0 32.21 0.03 - 2.9 0.4
22.0 33.03 0.05 0.9 1.4 0.2

22.0 33.06 0.03 0.9 1.4 0.9

15.2 31.64 0.04 0.8 1.4 0.3

15.1 31.64 0.04 1.2 1.3 0.6

15.4 31.67 0.04 0.5 1.5 0.5

16.0 32.38 0.06 0.2 1.6 0.2

149





STATION 21 (Cont'd)

Date Time Depth G. breve CA Tr„

C. M.
6/11 0322

7/22 0741

8/26 0815

9/30 0949

10/31 0920

11/23 0953

12/9 0937

27

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

P
O
O
o

G
O
O
P

o
o
o
o

p
p
p
p

o
o
p
o

p
p
F
P

P
P
P
P

0.0

0.0

320

1120

40

12

0.0

400

160

40

30

20

0.9
0.0
0.0

24

33

15

4 20

20

10

°c.





STATION 22 (Cont'd)

Date





STATION 23 (Cont'd)

Date





STATION 24 (Cont'd)

Date









STATION 26 (Cont'd)

Date Time Depth G. breve CA Tr. "C. Sal. Cu. POi





STATION 27 (Cont'd)

Date



Date Time

1958

10/1 1105

HON 28 Depth of 126 feet







STATION 29 (Cont'd)

Date





STATION 31 (Cont'd)

Date



STATION 32 (Cont'd)

Date





STATION 34 Depth of 4 feet 27°40' N. 82"21' W.
Date



STATION 34 (Cont'd)

Date



STATION 35 (Cont'd)

Date



STATION 36 (Cont'd)

Date Time Depth G. breve CA Tr. 'C. Sal. Cu. PO4 NO3.
C. M. In. Tot. NO2

2

O 28.5 2.23 0.07 10.7

- 28.3 2.27 0.07 10.0

8

O 30.5 12.27 0.06 9.8

- 30.0 17.63 0.06 10.5

6

O - 29.4 1.01 0.16 12.0

29.1 1.51 0.13 12.6

5

O 29.0 10.75 0.03 8.0

28.5 15.21 0.03 11.4

6

O 29.4 21.62 0.04 8.7

- 29.3 22.01 0.03 8.7

O 21.5 19.52 0.03 8.8

- 21.6 19.52 0.03 8.6

4

O 19.2 23.08 0.00

- 19.1 23.31 0.04
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