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INTRODUCTION

A variety of studies were conducted on the
Red Tide from 1946, when a major outbreak
began, until 1963, when substantial financial
support was provided to the Florida Board of
Conservation. These prior investigations were
carried out by the Bureau of Commercial Fish-
eries of the U, 8, Fish and Wildlife Service, the
Marine Laboratory of the University of Miami,
the Universily of Florida, and the Board of
Conservation, '

Although support varied widely in amount
from year to year, the resulting studies pro-
vided basic background information onthe caus-
ative organism, Gymnodinium breve, Studies
on similar phenomena in other parts of the
world also contributed substaniial amounts of
factual material,

The Florida Legislature in 1963 appropriated
$250,000 for the 1965 biennium for a thorough
investigation of Red Tide. Based on available
knowledge, a broad spectrum research pro-
gram was initiated at that time, Projzcts were
assigned for all factors thought to be of impor-
tance., As might be expected, the various pro-
jects differed widely in the amount of under-
standing they produced,

Without reference to any immediate contri-
bution to Red Tide comprehension, all projects
that were carried to completion havebeen sum-
marized. Several Florida Board of Conserva-
tion publications have resulted from these stud-
ies (Professional Papers Series No, 8 and No.
9, and a series of leaflets).

Aside from any relevance these data may
have for Red Tide control they will always pro-
vide valuable biological and chemical informa-
tion on the Gulf of Mexico. Present and future
studies, resulting from quickened interest in
the Gulf, will be facilitated,

Stations were carefully selected to assure
sampling of areas generally associated with
Red Tides as well as to provide the necessary
samples for phytoplankton, chemical, Vitamin
B,,, and other analyses. Subsequent to the des-
ignation of 11 Red Tide (RT) stations to be sam-
pled monthly, 9 additional weekly sample (WS)
stations were chosen to provide additional phy-
toplankton samples and a means of monitoring
for Gymnodinium breve.

All RT stations were visited by wading to
them from shore, Stations WS1,2,3,7, 8, and
9 were reached by outboard boat, while Stations
WS 4 and 6 were located on a dock and a pier,
respectively. A brief description of all stations
is given below (Figure 1, page 86).

RT 1. Point pinellas, Tampa Bay, Pinellas
County. This station is situated 200 yards west
of the old ferry dock, Samples were collected
at a distance of about75 yardsout from the high

Contributlon Mo. 111, Florida Board of Conservation Marine Laboratory.

tide mark, The depth varied from 1]/§ to 4 feet,
Fxtensive grass flats surrounded the station,
RT Stations 1, 2, 10, and 11 were sampled on
the Monday of the last week in the month,

RT 2. Arullet Key, Gulf of Mex.. , I -ellas
County, This station is approximately 50 yards
offshore from the northernmost point of Mullet
Key, an island at the mouth of Tampa Bay. The
surrounding area is protected by an extensive
barrier bar and is only 2 to 3 feet in depth. The
sand bottom shifted and changed radically from
one sampling to the next in response to wind,
wave, and current action.

RT3, Lido Key (Cevol Isles), Savasola
County. Samples were collected from Stations
RT 3 and 4 on the third Monday of each month,
RT 3 is located inside the harbor between St,
Armand Key and Cerol Isles at a point approxi-
mately 1/4 mile from the Cerol Isles bridge, The
surrounding area is one of mangrove thickets,
mud bottom, and grass flats., The {irst sample
was taken in 2 feet of water just south of an
unmarked day beacon some distance from
shore, on December 16, 1963. Later, samples
were collected from an area located approxi-
mately 15 feet from shore, The sampling depth
ranged from 2 to 3 feef.

RT 4. Midnight Pass, Little Sarasoia Bay,
Sarasota County, This station is approximately
% mile north of Station WS 3 and was reached
by wading 65 yards north from the southeast tip
of Siesta Key. The station is situated between
Siesta Key and Bird Key at the edge of grass
flats, The bottom was sandy and the depth
ranged from 2172 to 3 feetl,

RT 5. Stump pass, Lemon Bay, Charloite
County, Stations RT 5 and 6 were sampled on
the second Monday of the month. RT 5 is lo-
cated approximately 300 yards inside the mouth
of the pass and was reached by wading out 20
feet from the north side of the pass. Typically,
there was moderate to heavy current and wave
action, resulting in the formation of a loose and
shifting sandy bottom. Depth at the station
ranged from 215 to 3 feet,

RT 6. Boca Grande, Chavloite Horbov, Lee
County, To reach this station it wag necessary
to drive ¥ mile north along the beach from the
phosphate dock at Port Boca Grande and then to
wade a short distance from shore to the inside
edge of a grass bed. Current, wind, and wave
action combined to produce a shifting bottom.
The depth was 2 to 4 feet,

RT 7, Sanibel Island, San Carlos Bay, Lee
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County. Stations RT 7, 8, and 9 were visited on
Tuesday of the first week of the month. RT T is
located approximately 200 feet west of the San-
ibel toll bridge where it joins Sanibel Island.
Samples were collected from the edge of a
grass flat located about 200 feet offshore. A
loose, sandy bottom characterized this station,
Sampling depth varied from 1 to 3 feet. A
dredge operated in the near vicinity of the sta-
tion during May and June of 1964,

RT 8. Big Carlos Pass, Estero Bay, Lee
County. This station is located on the bay side
of the southern tip of Estero Island and was
reached by wading out 25 feet from the mouth
of 2 amall cove to the edge of an oyster bar
where the depth varied from 273 to 3 feet. The
bottom was composed of fine mud and shell and
the current was sluggish. This station was well
protected from wind and wave action,

RT 9. Caxaembas Pass, Marco Island, Col-
liev County. This station is approximately 3
miles south of Marco and is located just inside
the mouth of the pass. It was located by wad-
ing 14 yards south-southeast from a group of
pilings on the beach, At low tide it was neces-
safy to wade 20 to 30 feet farther out in order
to reach a suitable sampling depth, The bottom
was composed of sand covered by a thick layer
of fine sediments inter-mixed with clam and
oyster shells, The current is moderately swift
at the station. Depths varied from 2 to 3 feet.

RT 10, Weedon Island, Papys Bayou, Pinel-
las County, This station is approximately 100
yards east of the northern end of the wooden
bridge on the Weedon Island Road. The station,
which i situated on a point, is surrounded by
oyster bars, grass flats, and mangrove thick-
ets, Current action was not noticeable at the
station, although it was at times moderately
swift in the nearby channel. The bottom was
composed of mixed sand, mud, and shells cov-
ered with a thin layer of fine sediment. The
depth varied from 24 to 4 feet,

RT 11, Ballast Point, Hillsbovough Bay,
Hillsborough County. 'This station is located
approximately one mile south of Ballast Point
and was reached by wading 300 yards from
shore in an easterly direction from a group of
pilings near the tide mark, This area is one of
shallow, muddy flats surrounded tc the north,
east, and west by land. Depths from 114 to 4
feet were recorded during the study. Sewage,
poor circulation, and high water temperatures
were probably responsible for a characteristic
"fetid" odor at the station, The water at RT 11
and W3 6 was usually sirongly discolored,

WS 1. New Pass, Sarasola Bay, Sarasola
County. Stations WS 1,2, and 3 were sampled

on Tuesday of the second, third, and fourth
weeks of each month during the study. Station
WS 1 is located just inside New Pass and ap-
proximately 200 feet southeast of an old pier,
Moderate to swift currents were encountered
at the station where the depth varied from 8 to
13 feet. Extensive shallows and grass flats
typify the adjacent areas. Samples collected on
April 14 and May 12, 1564, were noticeably
turbid, probably the resuit of a dredging oper-
ation observed several hundred yards from the
station,

Ws 2. Big Sarascota Pass, Sarasola Bay.
Samples were collected at depths from 9 to 25
feet from the south side of the channel inside
and near the mouth of Big Sarasota Pass. A
"fix" on the station was obtained by lining up
range markers on Cerol Isles and Sarasota Key.
Swift currents were commonly encountered and
the bottom was composed of loosge, shifting sand.

W8 3. Midnight (Muskeieers) Pass, Little
Savasota Bay, Sarasota County, This station
lies midway between Bird Keys and Casey Keys
and is sitvated approximately 1500 feet south-
east of the pass, The depth varied from 6 to 14
feet. The bottom appeared similar to that ob-
served at WS Stations 1 and 2.

WS 4. Bavboro Harboy, Tampa Bay, Pinellas
County, Stations WS 4, 5, and 6 were sampled
each Wednesday. Station WS 4 is located af the
end of the Marine Laboratory dock, Depths
were observed to range from 8 to 16 feet. The
bottom was composed of mud, sand, and scat-
tered shells, The movement of water in the
harbor was generally sluggish. Salt Creek, a
brackish stream, enters the harbor less than
156 mile to the south of the station. Following
heavy rainfalls, 2 marked reduction in salinity
occurs due to the influx of fresh water from
this creek.

WS 5. Point Pinellas, Tampa Bay, Pinellas
County. The location of this station is the same
as that of RT 1.,

WS 6. Ballast Point, Hillsborough Bay, Hills-
borough County. This station is located at the
end of thefishing pier at Ballast Point, approxi-
mately one mile north of Station RT 11, The
depth ranged from 4 to 13 feet and the current
was moderate, The Hillsborough River empties
into the bay approximately two miles to the
north of the station. Raw sewage empties inlo
the bay at three points within a two mile radius
of the station,

WS 7, Stump Pass (oulside}, Lemon Bay,
Chavlotte County, Stations WS 7, 8, and 9 were
sampled each Thursday, These stations were
reached by means of an outboard boat and are
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located within a one mile area. WS 7 is located
approximately 200 yards outside the mouth of
the pass., Depths ranged from 4 to 15 feet,
Heavy wave action and current were routinely
encountered at this station.

WS 8, Stump Pass (inside), This station,
which is located approximately 500 yards inside
the mouth of the pass on the south side of the
channel, was characterized during the study by
moderately heavy currents and a sampling

depth of irom 4 to 23 feet. Little or no rooted
vegetation appears to have been present, al-
though there were extensive grass flats in the
surrounding areaz.

WS 9. Stump Pass (island). This station is
located between a large mangrove island in the
mouth of the pass and the mainland to the south.
Samples were collected on the edge of the shal-
low channel close to the island at depths from
3 to 17 feet,
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DINOFLAGELLATE STUDIES ON THE INSHORE

WATERS OF THE WEST COAST OF FLORIDA
KAREN A, STEIDINGER, JOANNE T. DAVIS, AND JEAN WILLIAMS

INTRCDUCTION

The dinoflagellate project was initiated as an
integral part of the Red Tide program. The
primary objectives of this project were to de-
termine the occurrence, distribution, abun-
dance, and diversity of Gymrodinium breve,
Florida's Red Tide organism, and other dino-
flageliates by weekly and monthly samplings.

Selection of our sampling stations was based
on locales associated with previous Red Tide
outbreaks (Torpey and Ingle, 1968); e.g., Tampa
Bay, Sarasota bays, Stump Pass, and Boca

. Grande area, It was hoped that if a G. breve
“ bloom occurred during the study program, it

Jwould occur in proximity to one of the twenty
stations along the coast (Hillsborough to Col-
lier Counties). In that way, biological, chem-
ical, and physical conditions prior to, during,
and following an outbreak could be evaluated.

This was not the case, G, breve was observed
at several stations, but always in low numbers.
No bloom was noted in the inshore areas stud-
ied along Florida's west coast from December
1963 to October 1964,

In contrast to this southern scarcity, G. breve
bloomed in Apalachee Bay during July and Au-
gust, 1964 (see Professional Papers Series No,
8).

Data presented here represents species di-
versity, distribution, abundance, and season-
ality of dinoflagellates encountered.

ACKNOWLEDGMENTS
The authors wish to thank Mr. Robert M.
Ingle, Director of Research, who initiated and
supervised this project and Mrs, Bonnie Eldred
{Laboratory Stafl), who aided in all phases of
the work,

MATERIALS AND METHODS

Two types of sampling stations {described
elsewhere in this symposium)are reported upon
here: 1) RT (Red Tide) Stations which were
sampled on a monthly basis for all Red Tide
projects (biological and chemical); 2) WS
(Weekly Samples) Stations which were sampled
solely for the dinoflagellate and diatom pro-
jects. The collection apparatus for surface and
bottom water samples was a weighted polyethy-
lene quart container,

All initial observations and couniswere made
from living material, The concentration-enum-
eration procedure used was originated (U. S.
Fish and wildlife Service and Florida Board of
Conservation} for detection and counting of G.
breve and other dinofiagellates. This original

procedure has since been modified and aug-
mented to accommodate the delection of species
(primarily armored) in concentrations of less
than 100 per liter.

The positively phototropic organisms were
concentrated at the side of a covered guart
glass jar with fluorescent cool-white lamps.
The concentrated area was then scrutinized for
the presence or absence of G. breve, This
initial observation was followed by identifying
and counting the dinoflagellate species present
in three 1 ml aliquots of a gently agitated water
sample. I the dinoflageliate population was
high (»100,000/liter), the actual count would
only involve 0.3 ml or 0.03 ml. Individual cells
in these aliquots were counted for all the taxa
reported upon here with the exception of Gym-
nodinium spp. and Gymnodinium- Glenodinium
spp. These two recordings were estimated by
the following categories, 1 - 10, 10 - 100, 100 -
1,000, and 1,000 - 10,000/ml. A Bausch and
Lomb SterecZoom was used for all initial ob-
servations. Verifications of species identifi-
cations werethen made with a Bausch and Lomb
DynaZoom compound microscope (brightfield).
Care was taken to avoid extreme temperature
changes during transportation of samples to the
Marine Laboratory and during the period of ob-
servations. All samples were examined within
20-30 hours after their collection.

RESULTS AND DISCUSSION

Included here is a list of taxa of dinoflagel-
lates observed in the RT-WS sampling program.
Almost all of the compiled species are accom-
panied by photomicrographs, morphological
references to other authors, seasonality trends
(if present), relative abundance, and distribution.
Pertinent morphological observations are pre-
sented for some species where there was need.
Observed temperature ranges (OTR} in degrees
Centigrade and salinity ranges (OSR) in parts
per thousand are also given. Observed tem-
perature (OT) and observed salinity (OS) are
given for species noted only once.
Amphidinium spp.

At least two unidentified species represented.

Never observed in high rumbers, Noted in

June, September, and October.
Cevatium furca (Ehrenberg) Claparede and
Lachmann Figure 1

Refer to Bohm (1931 a, p. 10, Figure 4).

Sporadic from winter through summer, reach-

ing a distribution and abundance peak in

March, OTR: 15.3 - 31,4. OSR: 18.6 - 38.0.

Ty b R




g-
£s
S5

re
rt

3T
is
2
nt
r
[
Il
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Ceratiwm fusus (Ehrenberg) Dujardin  Figure 2
Refer to J, T, Pavis (1965za), Wider distribu-
tion in July and August than in other months.
Never noted in high numbers, QTR: 14,0 -
31.4. OSR: 28.4 - 39.2.

Cevatium trichoceros (Ehrenberg) Kofoid Fig-

ure 3
Refer to Schiller (1937, p. 430, Figure 470)and
Wood (1954, p, 307, Figure 239a). Qceanic
form, primarily occurring from June to Sep-
tember, Observed in low numbers, OTR:
27.5 - 31,5, OSR: 34.4 - 39.2,

Cevatium tvipos var, atlanticum Ostenfeld Fig-

ure 4 -

Refer to Lebour (1925, p. 239)., Wider range
in warmer months. Always in low numbers.
OTR: 15.6 - 33.5. OSR: 32.4 - 39.1.

Cevatium A (furcd'?) Figure 5
Refer to Schiller (1937, p. 369, Figure 406 of
C. hivcus Schroder), Cevutium A differs from
C. hivcus; right horn directed ventrally, an-
tapical horns about the same length. This
could be a variety of C. furca, If a single
armored species were chosento characterize
estuarine waters of the area studied, it would
be Ceratium A, Observed every month,
usually inlow numbers, QOccasionally bloomed
and discolored the water. OTR: 11.0 - 34.8.
OSR: 15,6 - 39.3.

Ceratium F (fusus?) .

Appeared to be a mutant of C. fusus. Apical
horn was not prominent. Three occurrences,
two in association with C, fusus, during warm
months. OTR: 21.4 - 30.7. OSR: 30.8 - 39.1.

Cevatium spp,

At least {ive unidentified species represented.
Noted from March to August, except April
Observed in low numbers.

Cochlodinium spp.

At least two unidentified species represented.
More evident in winter and spring. Not ob-
sexved in high numbers.

Dinophysis caudata var. pedunculata Schmidt

Figure 6
Refer to Bohm (1936, p. 24, Figure 9; p. 20,
Figure 7b). Bohm refers to this form as a
distinct variety, while Xofoid and Skogsberg
(1928) do not, Noted in April, August, Sep-
tember, and October. OTR: 25.6 - 31.7. OSR:
24,8 - 37.1.

Dinophysis caudata var. B Figure 7
Observed in association with other D, caudata
varieties and individually. Occurred in Au-
gust and September only, Noted in low num-
bers. OTR: 23.0 - 31.4. OSR: 25.8 - 37.9.

Dinophysis A Figure 8
Observed every month, more prevalent in Au-
gust and September, Usually in low numbers,
OTR: 13.6 - 31.9. OSR: 16.2 - 37.2.

Dinophysis spp.

May include varieties or aberrants of D.
caudala, Recorded only in September. Noted
in low mumbers,

Diplopsalis spp.
At least five unidentified species represented.
Absent in winter, Most abundant in August
and September,

Exuviagella A
Resembles E. apora Schiller and E, mariae-
lebouriae Parke and Ballantine, Absent in
summer. Usually observed in low numbers
but bloomed in February and September.
OTR: 10.5 - 28.5, OSR: 16,7 - 36.2,

Exuviaella spp.
Probably includes E. marina Cienkowski, E.
compressa (Bailey) Ostenfeld, and E. perforala
Gran, since all three species have been iden-
tified in this area from incidental samples,
Sporadic all year, usually in low nvmbers.

Goniodoma sp.
Possibly G. polyedricum (Pouchet) Jorgensen,
a species identified from Gulf waters in later
studies by this Laboratory. Observed in Jan-
uary in low numbers, QT: 13.0. OS: 34.8,

Gonyaulax monilata Howell Figure 9
Refer to Howell (1953, p. 155, Figures 1-5),
Known toxic dinoflagellate, occasionally
blooming to fish-killing proportions, OCb-
served in April and September, but not in high
numbers, OTR: 24,5 - 29,0, OSR: 35.3 - 36,3."

Gonyaulax spinifera (Claparede and Lachmann)

Diesing
Some G. digitale {(Pouchet) Kofoid were in-
cluded in this recording, Whether or not these
two species are separable is questioned by
Wood (1954). Occurred in August through Oc-
tober, absent in winter and spring. OTR: 19.3
- 31,5, OSR: 15.6 - 37.5.

Gonyaulax? D
The gquestion arose as to whether this form
was a Gonyaulax because of the first apical
{?) plate, a similar situation existing in G.
monilata. Adequate reference material was
not accumulated fortotalplate analyses. Plate
structure was difficult to discern, also speci-
mens did not mount well. Probably included
Peridinium trochoidewm and similar species.
Absent in winter. Bloomed in August, OTR:
26.3 - 36,9, OSRH: 15.6 - 37.9,

Gonyaulax spp.
At least five unidentified species represented.
A dominant genus occurring all year. High
numbers noted in winter and spring.

Gymnodinium breve Davis Figure 10
For varying morphology of this species refer
to C. C. Davis (1948); Steidinger (1964a) and
Steidinger and Williams (1964). No blooms
encountered during this study. Common in
waters with high salinity and hightemperature
{July). Other occurrences in January, April,
September, and October; always in low num-
bers. OTR: 14.9 - 31,2, OSR: 34.1 - 39.1,

Gymnodinium splendens Lebour Figure 11
For general information, refer to Steidinger
(1964b). Morphological variability of speci-
mens studied was radical. Elongate, elliptical,
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and irregular chromoplasts, as well as nu-
clear variations, were observed suggesting
forms resembling G. nelsoni Martin. Usually
present in low numbers, except in May. Oc-
casionally reached bloom proportions. OTR:
9.0 - 34,8, OSR: 12,4 - 38.7.

Gymnodinium D
COhserved once, in August. OT: 30.0. OS: 37.1.

C_:ymnodz’nium spp. and Gymnodinium- Glenodin-

fum spp. .

At least ten unidentified species represented.
Occurred all year in high numbers and con-
stituted the bulk of dinoflagellate populations
along with other dominant genera: Gyrodin-
tum, Gonyaulax, and Pevidinium. Early in the
study, Glenodinium spp. were not detected
and, if present, were probably recorded under
Gymnodinium spp. Later, gymnodineid forms
(<25 u) that could not be differentiated as to
Gymnodinium or Glenodinium, under bright-
field illumination, were grouped {Gymnodin-
tum- Glenodinium).

Gyrodinium fissum (Levander) Kofoid and Swezy
May be G. insivigtum Freudenthal and Lee
because no pellicle striations have been de-
tected on the specimens studied. Absent in
December, February, March, and October,
Reached a peak in August at WS stations.

Gyrodinium spp,

Includes G. glaucum (Lebour) Kofoid and
Swezy and G. spirale (Bergh) Kofoid and
Swezy and at least ten unidentified species.
Common in high numbers all year.

Noctiluca scintillans (Macartney) Ehrenberg
Refer to Kofoid and Swezy (1921, p, 408, Fig-
ure KK). Encountered once in this study in
low numbers. OT: 16.4. OS: 13.6,

Peridinium claudicans Paulsen Figure 12
Refer to Schiller (1937, p. 249, Figure 250).
The second anterior intercalary plates of our
specimens are not consistent. Some speci-
mens had quadra and others penta plates.
Occurred spring through fail. OTR: 23.7 -
32.0. OSR: 24,6 - 39.2,

Peridinium conicwm (Gran) Ostenfeld and

Schmidt Figure 13
Refer to Schiller (1937, p. 232, Figure 229
g-h) and Brunel (1962, p. 339, pl. 56; p. 341,
pl. 57). P. conicum f{. guavdafuiana Matz-
enauer has been included. Noted in summer
and fall in low numbers. OTR: 19.3 - 31.8.
OSR: 17.2 - 39.2,

Peridinium depressum Bailey Figure 14
Refer to Schiller (1937, p. 252, Figure 251d)
and Brunel (1962, p. 345, pl. 58). Occurred in
low numbers. Absent May through July. OTR:
15,9 - 31.5. OSR: 19.1 - 317.0.

Peridinium divevgens Ehrenberg Figure 15
Refer to Schiller (1937, p. 226, Figure 222).
Occurred randomly from spring through early
fall, widespread in summer but in low num-~
bers, OTR: 26.4 - 31.4. OSR: 22.0 - 39.2,

Peridinium excenlvicum Paulsen Figure 16

Refer to Paulsen (1908, p. 51, Figure 64b).
Absent in December, February, April and
May, but frequent in summer, OTR: 15.8 -
31.5. OBR: 25,0 - 38.8,

Peridinium oblongum (Aurivillius) Cleve Fig-

ure 17
There are opposing opinions asto whetherthis
species is P, oblongum or P. oceanicum var,
oblongum Paulsen. Absent in December and
January, Most frequent and widespread in
summer and fall. Noted in low numbers, as
were most of the larger Peridinium., OTR:
15.5 - 32.0, OSR: 17.0 - 39.4.

Peridinium J {abei?)

Occurred in Augustand September, Low num-
bers. OTR: 28.9 - 34,4, OSR: 34.2 - 35.3.

Peridintum A
Noted in low numbers in August. OTR: 29.5 -
31,2, OSR: 15.6 - 35.4,

Peridinium B
Noted in low numbers in December and Janu-
ary. OTR: 14,0 - 16.0. OSR: 35.0 - 36.2.

Peyidinium D Figure 18
Occurred in all months except September,
Observed in low numbers. OTR: 13.0 - 31.4.
OSR: 18.5 - 38.9.

Pevidinium E Figure 19 .

Abgent in February, March, and October,
Sporadic occurrence in low numbers. OTR:
14,9 - 31.5. OSR: 14,7 - 38.2.

Pevidinium N .
Observed in October in low numbers. OTR:
22,1 - 28,1, OSR: 25,4 - 35.3.

Peridinium spp.

At least five smallunidentified species repre-
sented. A dominant genus occurring all year.

Phalacroma spp,

Encountered in May and June, never in high
numbers,

Polykrikos haritmanni Zimmerman
Refer to Schiller (1933, p. 548, Figure 57T)
and Hulbert (1957, p. 204, Figure 7.) Found in
September and October in low numbers with
one high count (>10,000/liter) in September.
OTR: 21.4 - 31,9, OSR: 17,2 - 31,9,

Polykrikos schwartzi Butschli Figure 20
Refer to Lebour (1925, p. 193, Figure 2). The
atypical colonies observed had displaced
girdles, but no pellicle ribbings on the hypo-
cone. Colony with slight twist. Nematocysts
present. All year in low numbers. OTR: 9.0
- 31.4, OSR: 16.7 - 38.3.

Polykrikos spp.

At least two unidentified species or varieties
represented. Present in low numbers during
Januvary, February, and July.

Pouchetia spp.

Possibly includes Nemafodinium spp. Ob-
served in Jamary, February, April, May,
June, and September,

Prorocentvum micans Ehrenberg Figure 21

Refer to Lebour (1925, p. 174, Figure 5. Ab-

sent in May. Appeared tohave a winter build-
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up and a March peak in distribution and abun-
dance. OTR: 10,0 - 33.5. OSR: 10.8 - 39.0.
Prorocentrum gracile Schutt
Absent in winter. OTR: 22,3 - 31.5. OSR:
34.4 - 39.2,
Provocenltrum spp.
At least two unidentified species, varieties,
or forms represented. Absent in June, Au-
gust, and Qctober,
Protoceratium  veticulatum
Lachmann) Butschli
Refer to Lebour (1925, p, 199, Figure 7). Ob-
served only once in moderate numhbers (Oc-
{ober), OT: 24,3, OS: 28.4,
Pyrodinium bahamense Plate Figure 22
This identification could be questioned as
some specimens had characters of both A
bahamense and P. schilleri (Matzenauer)
Schiller, Plate formula: 4', 0a, 6", 5" ', 1p,
1", The shape and position of the plates of
our specimens differed from the illustrations
supplied by Schiller (1937, Figures 328a, b,
and ¢). Observed in September in low num-
bers. OT: 27.8. 0S: 28.0,
Pyrophacus hovologicum Stein Figure 23
For plate analysis of this species, refer to
Lebour (1925, p. 231, Figure 4). Encountered
in July through October inlow numbers, OTR:
24,1 - 33.5, OSR: 15,6 - 35.2,

(Clarapede and

Pyrophacus hovologicum var. steinif Schiller

Figure 24
Refer to Schiller (1837, p. 88, Figures T4a and
b). Observed from July to September in low
numbers, P. korvologicum var. steinii was
always observed in association with P, how-
ologicum- and Pyrophacus B;. OTR: 26.9 -
30.8, OSR: 17.5 - 37.9,

Pyrophacus spp.
Originally, identification was made only to
genus, In later samples, plate structure stud-
ies enabled us to designate P. kovologicum
and P, hovologicum var, steinii. A new form
(Pyrophacus B} has been distinguished and
is included. Sporadic occurrence from spring
through summer in low numbers.

Tovodinium tevedo (Pouchet) Kofoid and Swezy

Figure 25
Refer to Kofoid and Swezy (1921, p. 389, Fig-
ure IT 4) and Schiller (1933, p. 546, Figure
576). Absent in winter, Present in May, June,
July, and October. OTR: 26.6 - 31,5, OSR:
35.4 - 39.2.

Torvodinium spp.
This grouping could include variants of T,
teredo as well as 7. robustum Xofoid and
Swezy. Occurred in March, July, September,
and October,
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silicoflagellates, tintinnids, and radiolarians.
Microflagellates (less than 5 to 15 p) and eug-
lenoids were dominant. They even exceeded the
dinoflagellates in more than 45 per cent of the
WS samples.

The multicellular zooplankton recorded rep-
resented typical inhabitants: copepods, rotifers,
ostracods, nauplii, medusae, and ascidians.
Comparatively, copepods and rotifers were the
most commonly cbserved. With {the publication
of these studies, the number of dinoflagellate
species and varieties found in the Gulf of Mex ~
ico has been increased to more than 90 (Davis,
1850; King, 1950; Graham, 1954; Lackey and
Hynes, 1955; Curl, 1959; Simmons and Thomp-
son, 1862; Dragovich, 1963; Dragovich and
Kelly, 1964; Steidinger et al,, 1966).
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EXPLANATION OF APPENDIX A
Appendix A includes 11 tables representing
continuous monthly data from Stations RT 1
through 11,

Percentages shown for each species indicate
the relative abundance in surface or bottom
samples compared withall other speciesat those
depths. Therefore, if one reads that Ceratium
Jusus was present in June as 3-2, it means that
C. fusus constituted 3 per cent of the total spe-
cies observed in the surface sample(s) and 2
per cent of the total species observed inthe bot-

tom sample(s) for that particular month. Values
expressed as 1 per cent may be I per cent or
legs. Salinity and temperature data are listed
for all months. Those salinities prefixed by an
asterisk indicate that they are hydrometer read-
ings; those not prefixed by an asterisk are ti-
trations (Mohr), Titration values represented
for bottom samples are actually mid-depth sa-
linities, Because of the shallow stations and the
extensive mixing of water in these areas, it was
felt that mid-depth salinities were similar to
bottom values.
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TABLE 1; PINELLAS POINT {RT-1)
Surface-bottom ¥ {0-0) of total organisms, per liter, observed.

NAKED DINOFLAGELLATES N D J r M A M J J A 8
Cochlodinium sp. 1-0

Gymnodintym splendens 2-0 1-0
Gymrodinium spp. 46-0 0-7 45-0

Gyrodinfum Spp. 0-50 I8-41 33-368 23-56 32-25 79-86 72-78 33-100 31-35 16-14
Polykrikos hartmanni 1-1
Polykrikos schwartzi 5-0 3-2

Pouchetia spp. 1-7 0-1
ARMCRED DINOFLAGELLATES

Ceralium fusus 0-5

Ceralium A | furca?) 5-8 5-0

Dinophysis A 9-0 0-2

Diplopsalis sp, 5-0

Exuviaella A 10-0

Gonyaulax spp. 100~ 50 32-52 5657 66-38 53-67 16-3 28-17 0-1
Peridintum conicum 31-0 1-0
Peridintum oblongum 5-0 1-0
Peridinfum spp. 0-6 ¢-11 15-28 1-4
Prorocentrum spp. 11-0 11-0

Pyrophacus sp, 3-0

Gymnodinium- Glenodinium spp, 43-32 81-80
Surface 6,700 0 32,660 9,000 3,030 19,000 6,330 7,000 12,170 12,830 67,660
e Ce1] Ciounts

Bottom 13,400 o 19,530 14,000 5,330 12,000 9,330 7,660 4,000 17,160 68,990
Surface 14,3 311 *28.2 #25.9 27.4 28.3 27.8 29.0 29.8 29.1 24,6
e Salinity (%.)

Bottom 4.3 *31.4 3.2 6.1 27.6 28.4 28.3 29.5 28.5 29.9 24,7
Surface 21.0 14.0 16.9 13.5 19.4 27.0 27.2 30.8 27.4 31.2 27.3
=———— T'emperature (°C) -

Bottom 21.5 140 16.5 13.5 19.2 26,9 27,2 30.4 27.8 30.8 27.4
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TABLE 2: MULLET KEY (RT-2)
Surface-bottom ¥ (0-0) of total organisms, per liter, cbserved,

=
NAKED DINOFLAGELLATES N D J F M A M J J A 8 %
Gymnodinfum spp., -0 0-18 27-0 :j
Gyrodinium fissum 0-2 l.0
Gyrodinium spp, 100-33 57-50 27-21 21-6 33-38 51-92 67-60 29-41 5-35 =)
Folykrikos hartmanni 1-0 2]
7]
ARMORED DINOFLAGELLATES g
Ceratium fusus 0-100 1-0 =)
Ceratium A {furca?) 2-0 2-0 =
Ceratium ap. 0-6 R
Dinophysis cawdata var, B i-0
Dinophysis A 4-0 2-0 o
Diplopsalis spp, 0-2 10-11 1.2 =
Exuviaella A 0-28 I
Exuvigeiilz spp. 20-0 0-6 H
Gonyaulax spinifera 1-0 =
Gonyaulax? D 14-9 >
Gonryaulax spp. 0-67 60-0 43-44 55-42 59-71 56-19 19-8 2-0 1-7 2]
Peridinium depressum 3-3 =
Peridintum oblongum 2-0 o
Peridintum J tabeif) 3-0
Peridinium B 20-0 Q
Peridinium SpD. 10-0 7-12 26-0 33-40 20-0 3-20 Q
Provocentrum micans 9-9 g
Prorocentrum Spp. 10-17 1
Pyrophacus horologicum 1-0 =
Gymnodinium- Glenodinium spp, 40 0-45 74-36 =
[ 9]
Surface 3,300 16,600 14,000 14,660 3,360 18,000 15,670 [} 9,000 20,180 73,580 8
~———Cell Counts Z
Bottom 10,000 0 18,000 14,330 5,660 30,840 8,670 330 5,000 12,160 15,160 |
Y
a
Surface *30.9 *35.0 *33.2 *33.0 347 33.0 33.3 35.0 34.9 34,8 31,9 -
——Salinity (L) [y
Bottom *30.8 *35.2 *33.4 *33.0 34,5 33.2 3.8 34,7 353 34,5 32,0 g
?
Surface 21.5 14,0 16,7 11,0 16.5 25.0 27.3 30.9 25.4 3.0 27,2 S
Temperature (°C) =3
Bottom 22,0 14,5 17.0 10,5 15,2 25,9 27,2 30.8 25.5 310 27.5 o
]
b
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TABLE 3: LIDO KEY (RT-3)
Surface-bottom ¥ (0-0) of total organisms, per liter, observed,

NAKED DINOFLAGELLATES J F M A M J J A 8 O
Cochlodinéum ppp. 3-2

Gymnodinium splendens 1-4 0-1 0-1

Gymnodinfum spp. 27-55 29-78 9-4 28-61 12-7 12-13

Gyrodinium fisstth 1-1

Gyrodinium spp. 26-28 27-12 45-46 30-22 34-51 68-48 15-17 25-15 40-32 15-27
Polykrikos schwartzi 1-0 6-1 2-4

Poucketia sp. 0-2

ARMORED DINOFLAGELLATES

Cerattum A (furca?) 6-10 1-1

Diplopsalis spp. 2- 0-2
Exvvigella spp, 1-0 T-1 3-8 25-0 14-0 0-2
Glenodinium spp. 20-17

Gonyaulax? D 0.8
Gonyaulax -8pp, 45-13 20-7 27-27 15-9 20-25 0-23 41-34 12-14 5-6
Peridiniwm excentricum - 2-0
Peridinium oblongum 0-8 - 2.2

Peridinium A
Peridintum D
Peridinium E

GHOHD;‘QHHN
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Peridinium spp, 0-1 0-17 22-8 35-39 - 8-13 5-8
Provocentrum micans 17-2 12-13 -

Gymutodinium. Glenodinfum spp, 56-57 43-35 80-65
Surface 33,000 29,500 22,340 19,830 48,840 45,500 5,660 97,990 12,836 6,830
———Cell Counts

Bottom 39,330 73,870 26,000 89,660 78,830 42,100 5,990 97,000 15,820 8,500
Surface *34.5 *33.4 34,2 330 35.4 35.4 35.9 35.4 34,5 34,9
——— Salinity (%)

Bottom *34.6 *33.9 34,3 34.3 35.8 35,7 36,0 35.4 34.5 34.8
Surface 14.5 17.2 24,4 25.9 29.3 31.4 30,5 31.2 27.9 24,2

—————Tempetature { “C} —_—
Bottom 14,5 17.2 24.4 24,9 28,0 31.4 30.2 31,2 2.8 24,3
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TABLE 4 MIDNIGHT PASS (RT-4)

5 Surface-bottom ¥ (0-0) of total orpganisms, per liter, cbaerved,
NAKED DINOFLAGELLATES J F M A M J J A S o] -
Cochlodinium spy. 14-8 &
Gymnodinium splendens 1-0 o
Gymnodinium spp. 75-0 6-0 59-27 :j
Gyrodinium fissum 0-6 7-0
Gyrodinium spp. 0-48 35-50 42-48 22-48 45-44 69-58 6-18 40-34 23-18 t?j
Polykrikos schwarizi 1-3 0-5
Pouchetia sp, 0-1 UH:
ARMORED DINOFLAGELLATES g
Ceratium trichoceros 2-0 0-1 E
Ceratium A (furca?) 40-0 0-2 3-0 n
Dinophysis caudata var, B 3-0
Dinophysis A 2-0 !
Diplopsatis spp. 2-3 =z
Exuvigella A 3-0 =
Gonyaulax spinifera . 0-4 =~
Gonyaulax spp. 25-45 53-50 35-38 10-20 0-18 0-8 41-34 2-3 6-0 ;
Peridinium depressum 2-0
Peridinium excentricum . 2-0 ©w
Peridinium oblongum 0-3 2-0 1-0 2-3 0-4 |
Peridinium E 0-3 2-3 o
Peridinium spp. 4-1 5538 23-25 50-0 28-26 14-8 10-14
Proroceniyum micans 0-3 8-0 1-5 i-0 Q
Provocentrum gracile 2-0 o
Pyrophacus horologicum 0-3 e
Gymnodinium- Glenodinium app. 15-14 38-46 55-60 E
i b=}
Surface 13,330 5,860 14,330 83,010 9,000 13,320 1,660 36,170 14,820 19,160 o
Cell Counts _— o
Bottom 20,010 8,000 13,000 20,830 16,000 12,000 [+ 38,500 11,820 9,160 %
=
Surface *34,9 *34,9 34,9 34.2 34.5 34,4 35.9 35,5 35,2 33.8 E
Salinity (%.) —_— w
Bottom 343 35.4 34,5 347 35.0 35.4 36.0 35.2 35.6 33.3 -
| _ 3
Surface 15,5 15,1 218 26.0 26.6 29.9 30.0 30.8 27.2 2. 2]
Temperature {°C) -
Bottom 15,5 16.2 215 24,9 26.% 299 29.9 30.8 27.3 23.2 g
&
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TABLE 5: STUMP PASS (RT-5)
Surface-bottom ¥ (0-0) of total organisms, per liter, observed,

NAKED DINOFLAGELLATES J F M A M J J A S 3rd S 14th o]
X Gymnodinium breve 0-1 N
Gymnodinfum splendens 0-1 O 3-0
Gymnodinium spp, 100-83 0-4¢ 83-17 23-0
Gyrodinium fissum 1-2 D
Gyrodinium spp. 2748 11-13 79-7¢ 68-31 34-35 A 10-17 8-19 29-10
Polykrikos schwartzi 0-3 T 6-0
Pouchetia sp. 0-4 A
Toredinium teredo . 3-0 0-2 o
ARMORED DINOFLAGELLATES S
Cerativwm furca 1-0 E
Ceratium fusus 0-2 N g
Ceralium lrichoceros 1-2
Ceratium tripos var, ctlaniicum 9-0 o] fos]
Ceralium A (furca?) 371-0 11-0 0-2 0-4 (o)
Diplopsalis spp, 0-9 0-6 e-3 D 0-10 >
Exutigella A 17-0 o)
Gonyaulax? D 9-0 A w)
Gonyaulax spp. 100-60 0-18 6-9 5-13 0-21 20-14 B-18 o
Peridinium depressum 0-6 T =
Peridintum oblongum 5-0 3-8
Peridinium D 0-11 A Q
Peridinium E 0-4 0-3 3-0 o
Peridinium spp. 17-23 20-14 32-17 8-9 17-0 2
Phalacroma sp. 0-5 %
Prorocenirum micans 27-27 o
Prorocentrum gracile 0-15 <
Gymnodittium- Glenodintum spp, 0-24 58-47 47-53 54-80 =S
‘ =
Surface 330 570 3,660 66,000 6,320 11,660 24,490 9,500 11,830 1p,170 g
Cell Counts — — —_— No Data
Bottom 6,000 1,670 3,670 70,330 7,660 12,660 21,920 11,830 10,500 6,840
Surface *34.0 *35.3 32.4 33.6 35.2 35.4 36.4 35.4 31.4 33.9
Salindty (%) No Data _—
Botiom *34,0 *35.8 33.2 34,2 34.6 35.4 36.1 34,7 3.2 33.8
Surface 16,2 15.5 22.8 24,0 27.1 28.8 3.2 29.5 28.5 241
——Tomperature (" C) No Data
Bottom 18,6 15,6 23.0 23.9 27.0 28.9 31.2 29.5 28.8 243




TABLE 6: BOCA GRANDE (RT-$6) s
Surface-bottom ¥ (0-0) of total organdsms, per liter, observed. g
NAKED DINOFLAGELLATES J F M A M J J A S 3rd 8 14th [8) ﬂ
. Cochlodinium spp. 0-4 r N 2-0 =l
Gymnadinium splendens -4 4-0 o] 1-1 =
Gymnodinium spp. 86-0 0-43 44-100 0-65 w
Gyrodinium fissum 0-2 D 1-1 =
Gyrodintum spp. 0-18 69-39 100-68 40-0 75-35 86-63 52-69 A 24-32 4-2 20-7 %}
T
ARMORED DINOFLAGELLATES | A =]
7]
Ceratium fusus 0-16 . N -
Cermtium A (furca?) . 2-0 i)
Dinophysis A 0-4 0 E
Diplapsalis spp. 1-0 =
Exuvigella p 72-90 .l
Exuyvigella sp, 6-0
Gonyaulax spinifera D 2-0 E
Gonyaulax spp. 9-38 18-0 14-0 16-0 12-0 i-1 10-0 w2
Peridinium depressum 0-4 4-3 0-16 A 3
Pertdinium D 15-10 o
Peridinium spp. 8-0 25-0 0-37 32-29 T 0-10 2-2 45
Prorocentnom micans 0-27 40 @]
Protoceratium reticulatum A 2646 e
Pyrodinium bakamense 0-1 |l
Pyrophacus hovologicum ' 0-1 [
Gymnodinium- Glemodinium Spp. 64-58 20-3 30-42 2]
i =
Surface 11,670 8,660 §70 13,500 8,000 4,670 19,000 | 8,500 | 277,340 18,160 Q
— — Cell Counts Mo Data o
Bottom 8,650 12,830 1,990 5,500 8,500 16,000 11,330 9,500 | 167,820 13,170 g
.
Surface *38,3 7.2 29.9 3T 35.0 34,5 4.9 33.8 28.1 28.4 ﬁ
Salinity (%) No Data -
Bottom *36.0 *27.7 30.3 35 34.4 34,4 35.0 34.3 28.0 29.0 s
§
Surface 11.0 16.0 22.3 24.6 27.3 29,3 35 30,0 27.8 24.% 1
Temperature (*C) No Data o
Bottom 17.0 16,1 22,3 28.3 27.0 29,1 31.3 29.8 279 24.4 =S
P=
TR A b L R R T i A e \
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TABLE 7: SANIBEL ISLAND {RT-7}
Surface-bottom ¥ (0-0) of total organisms, per liter, observed.

NAKED DINOFLAGELLATES D J F M A M J J A 5 o

Cochlodinium spp. 0-1 Y

Gymnodinium SPD. 9296 0-100 | 100-94 26-0 0-54 0-49 80-80

Gyrodinium fissum 15-14

Gyrodinium spp. 5-1 50-87 0-6 48-83 83-30 46-27 21-27 18-14 &
=

ARMORED DINOFLAGELLATES o)

Ceratium tripos var, atlanticum 2-0 g

Ceratium A (furca?) 2-0 2.2 7-0 o

Diplopsalis sp. 10-0

Exuviaella spp, 20-0 2-0 o

Gonyaulax spp. 1-3 50-33 100-0 0-10 7-6 15-8 0-20 6-7 @]

Pevidinium claudicans 0-4 3-0 &

Peridinium excentricum 3-0 g

Peridinium gpp. 24-7 7-6 23-18 15-20 19-21

Prorocentrum micans 2-0 2-0 (e}

Prorocentrum sp. 8-0 L]

Pyrophacus horelogicum 2-0 )

Cymnodinium- Glenoditsium. spp. 39-37 54-58 8
&

Surface 0 54,670 2,000 1,330 5,500 20,830 9,670 4,330 5,000 14,150 10,170 e

—————Cell Counts o]

Bottom 0 52,330 6,000 330 5,830 9,870 10,170 11,170 1,660 14,830 9,500 ;;‘
d

Surface *33,8 *31,5 *31.6 33.4 33.4 23,8 36,1 34.8 35.2 32,6 24,6 o

Salinity (%) _— _ Z
Bottom *34.1 *34,2 *32.1 33.5 31.4 24.0 35.1 35.0 35.0 33.0 24.6
Surface 18,2 18,0 17.4 18.0 24,5 25.5 29.4 315 31.5 33.5 26.7
‘Temperature {°C) — —_— _ ——— —
Bottom 18,0 17.7 17.5 19.1 24.5 25.5 29.4 31.4 32,0 33.1 26.8




TABLE 8 BIG CARLOS PASS (RT-8)
Surface-bottom ¥ (0-0) of total organisms, per lter, observed.

NAKED DINOFLAGELLATES D J F M A M J J A 3 o]

Cymnedinium splendens 1.0 0-3

Gymnrodinium spp. 100-¢ 84-84 10-10 T4-66 58-T7 35-41 43-0 95-78

Gyrodinium spp. 2-0 65-50 32-92 §3-59 88-T78 46-33 25-21 10-5

Polykrikos schwertzi 1-0 3-3 0-1

Polykrikos spp. 0-3

Torodinium sp. 2-0

ARMORED DINOFLAGELLATES

Cevatium A [furca?) 3-0 43 2-0 0-2 3-4

Dingphysis A 0-6

Diplopsalis spp. 2-0 2-11 0-5

Exuviaella spp. 8-8 0-4

Gonyaudax? D 0-5

Gonyaulax spp. 58 16-28 13-31 10-14 0-7 0-34 3-13

Peridinium excenlricum i-0

Peridinium oblongum 0-6

Peridinium gpp. -0 12-11 7-33 0-2 16-0 50

Prorocentrum micans 3-0 0-4 25-25

Gymnodinium- Glenodinium spp. 22-23 85-85

Surface 50,000 59,340 12,320 7,500 9,500 15,830 5,670 13,160 26,320 24,500 8,500
Cell Counts —_—

Bottom 0 59,340 10,660 12,830 7,110 13,500 9,000 9,000 15,820 24,160 6,490

Surface *34.7 *32.2 *32.7 33.0 33.4 34.4 35.7 35,1 33.5 32.3 32.8

———Salinity (%)

Bottom 34,3 *34,4 *33.2 33.0 331 34,2 3s5.7 33.8 33.5 3.9 33.3

Surface 16.3 18.4 17.5 20,1 24,5 24.9 29.4 29,9 30 314 26.2

~———Temperature (°C)

Bottom 16.7 18.4 17.6 19,9 24,2 24.9 29.3 29.8 30.5 31,2 26.3

e
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TABLE 9: CAXAMBAS PASS (RT-9)
Surface-bottom % (0-0) of total organisms, per liter, observed.

NAKED DINOFLAGELLATES o] J F M A M J J A S O

Cachklodinium sp, 0-3

Gymnodinium splendens 0-15

Gymnodinium D 15-0

Gymnodinéum spp. 100-0 100-0 140-0 100-100 40-0 31-46

Gyrodinium spp. 50-75 42-30 51-50 O=-34 54-0 17-4

Pouchetia sp. 2.0

ARMORED DINOFLAGELLATES

Ceratium A {furceT) 8-0

Diplopsalis spp. 14-5 0-4 8-23 14-0 13-0

Gonyaulax spp. 50-25 0-100 21-22 0-30 23-8

Pevidintum claudicans 0-50

Pevidinium divergens 2-0

Peridinium spp, 21-37 5-20 15-8 27-0 0-22

Pyrophacus horelogicum 5-50 o-4

Pyrophacus sp. 2-3

Gymnodinium- Glenodinium spp- 0-62 70-70

Burface 25,000 10,000 1,340 330 6,170 14,330 13,830 0 4,310 7,330 7,830
Cell Counts

Bottom [ 0 1,330 1,000 5,500 13,330 3,340 8,830 4,320 660 7,830

Surface *38.6 *35.8 *35.9 5.4 35.3 35.0 35.4 33.6 344 345 33.9
Salinity (2o} —_—

Bottom 36,2 *35.6 *35.9 33.9 35.4 35.2 35.4 33.4 34.8 34.5 339

Buriace : 17.3 19.0 18.2 20.5 25.2 25.9 29.5 30.1 0.0 30.5 26.5
Temperature (" C) ———

Bottom 17.1 18.0 18,3 20.8 25,2 25,6 29,4 30,0 29,5 30,5 26,5

bo
o
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TABLE 10: WEEDON ISLAND (RT-10) -
Surface-bottom ¥ (0-0) of total arganisms, per liter, cbserved, E
NAKED DINOFLAGELLATES J . F M A M J J A 8 2
tn
Cochlodinium sp, -2 |
Gymnodinium splendens 5-4 1-0 5-28 1-1 5-Q g
Gymnodinium 8Pp. 2-5 16-16 22.29% 35-0
Gyrodinium fissurm 0-3 E‘
Gyrodinium spp. 24-16 59-54 32-31 58-100 28-27 31-25 (7 52-42 15-24 w
Polykrikes schwartas 1-0 :g
ARMORED DINOFLAGELLATES 2
|
Ceratium furca 0-36 |
Ceratium A (furca?) 2-3 1-0 14-9 ;
Diplopsalis spp. 0-14
Exuvigella sp. 0-3 @
Gonyuulax spp. 14-33 24-3¢ 95-36 28-21 4636 0-3 =
Peridinium conicum 3-¢ @]
Peridindum spp, 55-40 16-14 7-0 0-13 -6 15-0
Gymnodinium- Glenodinium spp, 26-24 67-68 20- 46 62-56 8
|
Surface 14,000 33,830 6,330 24,830 15,500 215,000 81,660 19,170 8,830 O ;
Cell Counts = ¢
Bottom 18,330 33,500 3,660 L 19,170 3,000 | 225,000 31,000 11,830 9,820 o !
. O ii
Surface *12.4 *18.2 19.1 19.3 24,1 5.7 218 22.7 22.0 © ;
Salinity (%) —_— —_— % !
Bottom 20,1 18,1 19.2 19.4 241 25.% 21% 23.0 22,0 H !
b o]
&
Surface 16.5 16.4 23.0 29.5 29,5 32,8 27.5 34.2 311 -
Temperature {° C) — —
Bottom 16.5 16.2 23,0 29,2 28.0 2.5 27.5 33.5 30.% g
¥
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m
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TABLE 11: BALLAST POINT (RT-11}
Surface-bottom % (0-0) of total organismas, per liter, observed,

NAKED DINOFLAGELLATES J F M A M J J A S
Gymnodinium splendens 10-8 1-0 6-9 0-2
Gymnodinium spp. 38-55 76-9 B7-90 48-33
Gyrodinium spp. 30-0 11-38 13-10 15-13 17-31 520 20-7 ‘]
Polykrikos hartmanni 2-2 [y
Polykrikos schuwartzi 1-2 Q
Pouchetia sp., 1-0 E
ARMORED DINOFLAGELLATES S
Ceratium furca 2-9 g
Ceratium A (furca?) 83-75 0-1 5
Dinophysis A 0-2 3-0 =
Exuvigella spp. 2-0 0-2 o]
Gonvaulax spp. 19-33 11-62 §1-73 7-25 35-18 95-68 44-48
Peridinium depressum 1-9 [
Peridintum spp. 7-0 0-18 0-7 o]
Prorocentrum micans 1-0 o)
Gymnodinium- Glenodinium spp, 85-87 0-2 34-41 o
7
Surface 26,660 72,330 330,000 63,000 9,870 650,000 115,000 70,000 16,490 =
————Cell Counts &
Bottom © 17,990 13,000 369,000 61,000 2,670 630,000 16,500 295,400 13,490 §
=
Surface *19.6 *17.0 i1 19.2 21,5 24,6 17.8 18,3 7.2 o]
———- Salinity (%) 1
Bottom *19.6 *16.6 19.1 19.1 21,8 24,8 19.2 16.5 7.5
Surface 14,5 17.1 22,0 27.9 29.4 33.6 27.8 36.8 1.0
—————Temperature © C) _
Bottom 14.5 15.8 21.5 7.9 8.6 33,4 21.5 34,8 30.8 X
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EXPLANATION OF APPENDIX B

Appendix B includes 8 tables representing
weekly data, compiled on a monthly basis from
Stations WS 1 through 9. To present the WS
gsamples on a monthly basis, weekly species
counts were averaged and a percentage calcu-

lated, The hydrologic data indicate the mini-
mum and maximum encountered monthly for
each station. All salinities were derived from
hydrometer readings,




TABLE 12; NEW PASS (WS-1)
Surface-bottom ¥ {0-0) of total organisms, per lier, observed,

NAKED DINOFLAGELLATES D J F M A M - d J A 8 [s)
Amphidinium gp, 1-0
Cochlodinium spp, 2-0 1-1 0-1 0-1 1-0
Gymnodinium breve ] 0-1
Gymnodinium splendens 2-0 1-0 1-0
Gymnodinium spp. 81-75 0-29 2-0 28-36 49-65 23-32 38-23
Gyrodinium fissum -1 6-3 26-18 c-1
Gyrodinium gpp. 12-8 52-45 54-51 22-29 23-17 55-46 51-46 23-27 37-38 13-27 48-20
Polykrikos schwartzi 0-1 0-1 1-¢
Poucketin spp, 3-0
Torodinium teredo 1-4 0-1
Torodinium spp. 1-0 1-90
ARMORED DINOFLAGELLATES
Ceralium fusus e-1 i-1 0-1 1-0 1-0
Cevratium trichoceros s b-1 0-1 0-1
Ceratium tripos var, atianticum 1-1 1-0
Ceratium A (furca?) 1-0 0-1 1-1
Dinophysis coudatavar, pedunculata 0-1
Dinophysis caudata var, B 1-1
Diplopsalis spp. 0-1 0-1 1-0 1-4 3-3 0-2
Exuviaella sp, 0-1
Gonyaulax spinifera 0-1
Gonyeulax? D 0-2
Gonyqulax spp. 6-17 41-24 29-34 33-15 15-10 4-12 8-2 16-T 16-11 3-8 4-1
Peridintum claudicans I-0 1-0
Peridinium conicum 1-3 0-1
Peridinium depressum 1.0
Peridinium divergens 0-1
Peridintum exceniricum 1-0
Peridinium oblongum 1-0 1-0 1-1 1-0 1-0 1-2 0-1
Peridinium J (abei?) 1-0 0-1
Peridinium D 1-0 1-¢
Peridinium E 0-1 0-2 0-1
Pevidinium spp. 12-8 17-4 13-10 27-14 2-1 8-14 51
Provocentrum micans 1-0 0-2 5-15 18-17 2-0 1-9 1-0 0-1
Prorocentrum gracile 0-1 0-1 i-0
Provocentrum spp. 1-1 0-1
Pyrophacus horologicum -4 2-1 1-0
Pyrophacus korologicum

var, steinif Q-1
Pyrophacus sp. 1-2
G dinium= Glenodinium spp, 22-37 13-24 68-38 39-75
Surface 20,657 6,663 8,777 20,077 41,273 15,997 7,373 13,070 14,497 26,283 13,905

Averaged Cell Counts

Bottom 22,100 5,667 4,603 18,160 33,1 17,273 11,615 14,830 15,223 14,410 40,240
Surface 35.8-36.0 | 34,3-35.1| 35.3-358] 352-36.0| 33.0-37.4| 37.6-38.6| 38.1-39.3 | 37.2-38.7| 34.7-37.1| 356.2-38.1 35.0-36.4
—Salinity (%) Rang
Bottom 36.0 34.3-35,1| 35,3-35,6| 35.4-35.7| 33.0-37.4; 37.3-383( 38.2-30.0| 37.1-39.1 | 356-37.1| 35.3-37.8| 34.8-36.0
Surface 15,0-15.5| 12,8-15,8| 14,5-16.7| 19.5-21,5] 24.1-27.4| 26,7-27.0| 29.2-31.4| 28,0-31.2 | 30.0-31,4| 27.6-28.9 | 22.5-23.%
———— Temperature {*C) Ranges =
Bottom 14.8-15.8 13.0-16.0( 14,4-16,7| 19,2-21,3 ] 24,2-27,3( 26,5-26.8] 29.1-31.3 | 2§.8-31.2 | 29.9-31,1| 27.5-28.9 | 22.5-23.8

. AS3 (WS-2)
TABLE 13: BIG S.A.RASUT:‘_‘_.I’.. e Liter ohserved,

4
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Bottom 7T nes1sE] Betee] tanten] oo ———
188 13.0-16.0] 14.4-167) 102213 242973

26,5-26.8

—
29,1-31.3

28.,8-31,2

=r.u—og,w
—

27.5-28,9

L&, D-£3.9
e

22,5-23.8

NAKED DINOFLAGELLATES

J

TABLE 13: BIG SARASCTA PASS (WS-2)
Surface-bottom ¥ (0-0} of total organisms, per liter, chserved.

F

M

A

M

J

Cochiodinium sp,
Gymnodinium breve
Gymnodinium splendens
Gymnadinium spp.
Gyrodinium fissum
Gyrodinium spp,
Pouchetia sp.
Tovodinium tevedo
Torodinium spp.

ARMORED DINOFLAGELLATES

1-0
43-46

45-14

0-2
40-47

39-18
2-0

0-3

64-67

5-8
33-37

22-23
1-1
39-49

L

14-39
63-52
1-0

2-2
6-10
33-42

20-32

Ceraliym furca
Cevatium fusus
Ceratium tvichoceros
Cérattum tripos var, atlanticum
Ceratium A (furca?}
Ceratium Sp.
IAnophysis cawdata var. B
Dinophysisc A
Iiplopsalis spp.
Exuvicella A
Exuvigella spp.
Gonyeulax monilata
Gonyaulax spinifera
Gonyaulax? D~
Gonyeulax spp.
Paridinium claudicans
Peridinium conicum
Peridintum depressum
Peridinium excentricum
Peridinium oblongum
Peridinium D
Peridinium E
Peridinium N
Peridinium spp.
Proroceniyum micang
Provocenirum gracile
Prorocentrum spp.
Pyrophacys horvlogicum
Pyrophacus horologicum
var, steinif
Pyrophacus sp.
Gymnodinium- Glenodintum BPD.

11-39

0-1

18-31

22-27

1-0

28-24

22-20

16-6

10-5

1-0

1-0

9-17

10-1¢

2-0

13-26
1-1

0
19-13

]
QO

]
o

10-1
0-1
1.0
1-0

32-24

15-12
1-0

1-0
0-1

28-43

1-0

K
L] oo

-
)

b
]

z

73-52

Surface

Averaged Cell Counts
Bottom

19,477

8,220

3,110

10,328

18,443

13,277

11,615

14,830

17,273

14,605

41,560

18,087

7,110

4,440

9,745

15,583

14,277

13,458

21,330

15,220

12,905

10,515

Surface
Salinity (¥} Ranges

Baottorm

35.7-36.8

33.8-34.7

34.8-35.4

35.4-35.8

33.3-37.0

37.3-38.1

37.8-30.7

37.0-38.9

35.4-36,9

35.3-37.7

35.5-35.9

35.5-37.0

33.9-35.0

34.8-35.0

35.2-36.0

33.2-37.4

37.1-37.9

38.2-30.2

36.9-39.1

Surface
Temperature ('C) Ranges

Botiom

14,8-15.5

13.2-16.0

14.7-17.5

19.5-21.5

24.3-27.2

26.7-27.4

29,5-31.5

28,9-31.4

35.2-36.9

35.6-37.5

35.3-35.9

30.0-31.2

27.6-28.9

22.1-23.9

14,8-15,5

13.1-16,0

14,8-17.2

10,4-21.2

24.2-27.4

26.5-27.0

29,1-31.3

29,5-31.5

30.0-31.6

27.6-29.0

22.3-23.17
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TABLE 14: MIDNIGHT PASS (WS-3)
Surface-bottom ¥ {0-0) of total organisms, per liter, gbserved,

NAXED DINOFLAGELLATES D J F M A M J J A S [a] g
Cochlodinium spp. 0-3 0-1
Gymnodinium breve 0-1
Gymnodinium splendens 2-1
cymnodinium Bpp. 88-93 65-60 58-0 8-6 20-27 58-46 17-27 80
Gyrodinium fissum 5-0 1-0 2-2 22-24 D-1
Gyrodirium spp. 6-4 11-19 11-32 44-38 44-42 35-47 53-44 47-28 21-28 24-25 33-52
Polylrikos schwartzi 0-1
Torodirium teredo 0-1
ARMORED DINOFLAGELLATES
Cevatium fusus 1-¢ 1-0 1-1
Ceralivm Iickoceros 2-0 0-1
Ceratium lripos var, atlanticum 0-1 2-0 1-0 0-1
Ceratium A (furca?} 2-0 0-1 0-1 1-2 1-0
Ceratium sp. 0-1 *
Dinophysis caudata rrj

var, pedunculala 1-0 1-0 iy
Dinopkysis caudata var B. 0-2 Q
Dinophysig A 1-0 E
Diplopsalis spp. 0-1 1-2 1-0 1-¢ 1-2 0-4 0-1
Exuviaella spp. 7-41 2-1 1-0 [
Goniedoma sp. 1-0
Gonyeulax spittifera 1-0 e
Gonyaulax? D 3-8 g
Goryaulax spp. 4-2 17-18 21-27 29-28 27-28 2-0 12-7 3-11 20-15 5-3 0-2 =]
Peridinium claudicans 1-1 3-0 =
Peridinium conicum 1-0 0-1 2-0
Peridinium depressum 3-0 0-1 0-2 O
Pevidinium divergens 1-0 0-1 0-1 1-0 o]
Peridintum excentricum 1-0 1-2 1.1 1-0 “
Peridinium oblongum 0-1 1-1 1-0 2-2 o
Peridinium D 1-1 2
Peridinium E 1-0 1-0 0-1 1-0 w0
Peridinium spp, 0-1 0-2 1-4 2-1 3-7 5-13 12-18 10-12 -8 8-11 =
Phalacroma sy, . 1-0 =
Provocentyum micans 17-18 0-1 0-1 1-2 0-2 =
Prorocentrum gracile 1-0 0-2 >
Prorocentrum sp. 1.0 :j
Pyrophacus hovologicum 1-4 1-2 1-1 Q
Pyrophacus hovologicum =z

var. stainii 0-1
Pyrophacus sp, 1-3 0-3
Gymnodinium- Glenodinium app. 32-31 8-1 56-53 57-31
Surface 75,333 10,223 3,187 6,330 18,333 9,610 8,025 16,995 23,220 9,908 9,685
~————— Averaged Cell Counts —_—
Bottom 72,267 11,333 7,333 8,010 20,603 12,053 11,073 17,995 17,783 10,413 8,760
Surface 35.8-36.7 | 33,3-35.6 | 34.8-35.4 | 35.2-36.1 | 33,3-37.3 | 37.1-37.6 | 37.7-38.8 | 36.8-39.0 | 36.4-37,1 { 35,8-37.2 | 35.4-35.7

Sallnity (I.) Ranges
Bottom 35.8-36.7 | 33.3-35.4 | 34.8-35.4 | 35.1-36.8 { 33.3-37.4 | 36.8-38.0 | 37T.8-38.7 | 36.8-39.0 | 36.2-36.7 | 35,8-37.4 | 36.3-35.7
Burface 15.0-15.5 | 13.0-16.6 | 14.8-17.7 | 19.5-21.9 | 24.1-27.4 | 26.6-27.2 | 29.6-31.4 | 28.9-31.4 | 29.9-31.4 | 27.3-28.9 | 22,6-23.9
Temperature (*C) Ranges

Bottom 15,3-15.8 | 13,5-16,5 | 14.8-18,5 | 19.5-21.5 | 24.2-27.3 | 26,4-27,2 | 20,8-31.4 | 28,8-31.4 | 29.8-31.4 | 27.3-28.9 | 22.8-23.9




TABLE 15: BAYBORO HARBOR (WS-4)
Surtace-bottom % {0-0) of total organisms, per liter, observed,

NAKED DINOFLAGELLATES D J F M A M ¥ J A 5 o

Amphidinium sp. T 3-0
Cochlodinium spp, 8-0 3-2 0-3 0-1
Gymnodinium splendens 0 1-9 0-1
Gymnodinium Spp. 38-0 13

Gyrodinium spp. 43

Noctiluca scintillang 1
Polykrikos havimanni
Potykrikos schwartzi 0-1
Polykrikos spp.
Pouchetia spp. =1 3-0

1

15 21-11 8- 63-49 28-45 57-74 67-17 24-0
40 46-46 49-57 27-44 40-46 39-22 24-18 7-23 34-20 25-27
0

(=0
T

ARMORED DINOFLAGELLATES

Ceralium furca 1-0
Ceragtium A (furca?) 0-1 1-0 0-3 1-3 1-9
Ceratium sp. 1-0
Dinophysis coudata var, pedunculatal 1-0 "
Dirophysis caudata var. B 1
Dinophysis A 1-0 3
Diplopsalis spp. -4 1
Exuvigella A 4-0 6-4
Exuvigelia spp. 2-0 1-0
Gonyaulax spinifera 1-0
Gonyaulax? D I 66-2 1-0
Gonyaulax spp- 52-100 43-39 3242 37-33 8-4 19-0 2-1 -3 . 7-19 2-1
1-9
1-1

—

Pevidinium cloudicans
Peridinium conicum 1

Pevidinium oblongum 0-
Peridinium E 0-1 1-0
Peridinium N 1

Peridintum Spp- 0-3 0-1 0-1 13-3 3-3 2-3 1-6 e-8 3-
Prorocentyrum micans 1-0 4-1 1-0

Prorgcentrum spp. i-1
Gymnodintum- Glenodinium spp, 5-0 7-4 2-62 43-60 §9-63

Burface 44,433 9,833 13,500 29,208 23,598 49,850 28,693 16,766 76,610 35,370 34,273

Averaged Cell Counts —_
Bottom 30,000 16,748 15,872 21,873 32,568 30,408 57,625 28,564 32,497 28,545 34,890

i

Surface 27.6-30.7 | 19.6-29.2 | 10.6-24.4 | 17.4-24.3 | 16.5-24.8 | 25.3-28.2 | 26.2-29.2 | 23.3-29.6 | 19.2-24.8 | 24.4-25.8 | 25.4-27.4

Salinity {3.) Ranges
Bottom 28,8-30.7 | 22.5-28.5 | 23.9-24.6 | 16.9-25.2 | 20.2-26.8 | 26.3-27.5 | 28.4-29.4 | 27.0-29.8 | 19,5-28.1 | 24.9-25.7 | 25.4-27.6

9961-£561 ‘SHLLNAOD HATITIOD OL SYITENId ‘SHIANLS AJLL d¥y

Surface 16,0-19.0 | 13.1-19.8 | 12,0-18,0 | 20.7-23.7 | 21.4-27.5 | 28,2-29.8 | 30.3-33,1 { 30.8-32.5 | 30.6-33.1 | 29.2-31.9 | 23.7-28.1

Temperature {°C) Ranges
Bottom 15.1-18.0 | 14.0-16.5 { 15.4-16.5 | 18.1-22.7 | 19.8-25.7 | 25.7-27.8 | 29,3-31,9 | 20.4-31.,6 | 30.4-31.4 | 28.6-30.8 | 23.6-26.7
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TABLE 16: PINELLAS POINT (WS-5)
Surface-bottom ¥ {0-0) of total organisms, per liter, observed,

NAKED DINOFLAGELLATES D J F M A M J J A 3 o]
Cocklodinium 3pp. 1-0 7-1
Gymnodinium splendens 9-5 0-1 1-0 3-3
Gymnaodinium spp. 79-0 11-0 0-3 81-85 0-51 37-711 59-64 0-14
Gyrodinium fissum 0-2
Gyrodirium spp. 10-31 35-27 35-3%5 39-44 -7 95-23 38-14 26-23 30-30 27-25 35-54
Polykrikos hartmanni 3-2 0-1
Polykrikos schwartzi 0-1 0-1 0-1 1-0 2-0
ARMORED DINCFLAGELLATES
Ceralium furca 1-0
Cevatium fusus 1-0 o]
Ceratium A (furca?) -1 3-5 1-1 2-1 1-0 3-3 Iy
Ceratiunt F {fusus?) 1-0 O
Dinophysis A 0-1 1-0 2-2 &
Diplopsalis spp, 3-2 -4 0-1 o
Exuvigella A 2-4 B>
Exuviaelia spp, 8-2
Gonyaulax spinifern -1 2-0 w
Gonyaulax D 0-8 0-27 :;O>
Gonyqulax spp. 11-69 64-57 42-58 38-41 3-5 4-0 4-3 2-2 2-0 =
Peridinium claudicans 1-0 &
Peridinium conicum 0-2 -2
Peridinium oblongum 1-1 o]
Peridiniym D 1-0 o
Peridintum N 3.2 a
Peridinium spp, 1-0 3-3 1-1 2-3 20-11 5-4 27-25 3-3 3-6 o)
Prorocentrum micans 2-1 7-1 1-0 4
Prorocentyum spp. 5-8 28-2 w
Pyrophacus horologicum 1-0 0-1 ]
Pyrophacus hovologicum =

var, steinii : 1-0 1-0 <
Pyrophacus sp. 0-1 -
Gymnodinium- Glenodinium 5.6 34-27 46-28 55-33 H

2
Surface 10,533 10,685 12,825 7,248 47,600 9,753 14,500 18,766 10,883 12,078 8,667
Averaged Cell Counts
Bottom 14,433 15,248 12,915 9,750 34,810 32,008 25,373 13,000 13,280 14,528 11,100
Surface 29,4-31,8 | 26,2.30.2 | 24,8-28,3 | 27.0-28,7 | 27.3-28,5 | 28.6-30.7 | 31,4-32,5| 30.2-31,3 | 21.4-31.1 | 26.,5-29.2 | 26,8-30,7
Salinity (%) Ranges

Bottom 30,7-31.8 | 26.7-31.3 | 24.8-28.5 | 27.0-28,3 | 27.2-28.9 | 29.8-31.1 | 31.9-32,5 | 30.3-32.0 | 21,5-31.1 | 26.8-29.1 | 26.9-30.7
Surface 14,0-16,4 9.0-18,3  12,5-16.,4 | 20,5-22,5 | 18,8-25.2 | 24,8-27.5 | 29.7-32,1 | 28,1-31.1 | 29,9-30,8 | 26,7-28,1 | 18,7-24,1
~————Temperature {*C) Rang
Bottom 13,6-15.0 9.0-17.8 | 12.6-16.4 | 20,5-22,7 | 18.8-25.1 | 24.7-27.6 | 20.7-32.0 | 28,9-30.8 | 29.9-30,7 | 26.8-28.2 | 19.2-24.1




TABLE 17: BALLAST POINT (WS-6)
Surface-bottom % (0-0) of total organisms, per liter, observed,
NAKED DINOFLAGELLATES . D J F M A M J J A 8 &)
Amphidinium spp, T 1.0
Cochlodinium spp. 15-6 1-0 0-1 1-0
Gymnodinium splendens 31-29 1712 2-3 13-26 1-0 18-10 T-15 1-0
Gymnodinium spp, 7-0 34-33 1513 1-1 2.6 2-1 45-47 33-58 2-9 o]
Gyrodinium fissum 5-0 =
Gyrodinium spp. 14-19 5-4 5-3 1-1 25-25 1-1 24-33 19-27 44-52 =
Polykrikos hartmannt 13-9 1-2 =
Palykrikos schwartzi 3-0 3-1 1-1 5-3 1-1 1-0 1-1 (]
Polykrikos spp. 0-1 1-1 g
Pouchetia spp, 0-1 1-1
L H
ARMORED DINCFLAGELLATES ] :
Ceratium furca 3-0 1-11 ._8_.
Ceratium A (furca?) 1-2 1-0 1-1 3-2 1-1 §7-67 13-9 47-22 1-0 1-1 3-2 =
Dinophysis A 2-0 1-0 1-1 1-0 5-2 3-1 2-1 1-1 1-0 i
Diplapsalis spp. 0-1 1-1 1-1 1-1
Exuviaella A 52-62 o
Exuvigeila spp, 1-1 1-3 =
Goryauwlax spinifera 2-0 1-2 4-3 1
Gonryaulax? D 2-5 [l
Gonyaulax spp. 49-60 25-30 7-6 79-54 76-92 1-0 17-15 29-3 g
Peridinium claudicans 1-0 1-0
Peridinium conicum , 1-0 2-4 wn
Paridinfum divergens o-1 1-1 3
Peridirium excentricum =1 o
Peridinjum oblongum 1-0 1-¢ 1-1 {
Peridinium D 0-1 o-1 [
Peridinium E 1-¢ 1-0 1-0 1-0 1-1 @]
Peridinium spp. . 2-9 1-1 1-1 1-1 1-1 6-12 11-18 6-2 7-28 11-3 o
Phalacroma sp. 1-0 E
Provoceniyum micans 2-0 1-1 1-1 1-0 = !
Pyrophacus hovologicum . 3.2 1-1 e} i
Pyrophacus horologicum a !
var. steinii 1-0 o .
Pyrophacus sp. 2-0
Gymnodinium- Glenodinium spp., 19-36 12-38 33-33 %
=
<
Surface 120,677 37,005 242,675 579,350 564,334 690,915 95,130 397,692 107,357 146,175 131,217 g
Averaged Cell Counts e
Bottom 49,967 30,500 202,240 532,005 208,100 150,868 87,835 211,480 107,843 63,003 11,107 [y
2
Surface 23.8-26.9 | 17.2-20.5 | 15.6-18.1 | 16.2-24.0 | 17.9-25,1| 22,0-24.2 | 24,6-26.4 | 18.7-25.4 | 15.6-17.5 ) 14.7-18.5 | 17.5-24.2 1
Salinity (%) Ranges : vt
Bottom 24,6-27.1 | 17.6-21.3 | 15.6-19.1 | 16.2-24.3 { 18,0-25.8 | 20.6-24.1 | 25.0-26.6 | 18,7-25.5 | 17.8-19,3 | 14,8-19.3 | 17.6-24.0 :
Surface 13.6-17.4 | 10.0-14.2 | 13,0-16.1 | 18,1-23.5 | 18.0-24.6 | 242-27.2 | 28,5-30.5 | 27.4-30.1 | 28.4-29.9 | 26,2-27.9 | 19,6-23.7
Temperature {°C) Ranges
Bottom 12,5-16.9 9.6-14.2 | 13,0-16.0 | 18.0-22.0 | 18.3-24,9| 24,5-26.5 | 28.4-30.0 | 27,5-30,1 | 28.3-30.1 | 26,3-28,1 | 19.3-23,7
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TABLE 18: OUTSIDE STUMP PABS (W5-7)
Surfage-botiom ¥ (2-0) of total erganisms, per liter, obsarved,

F

M

A

M

<

Amphidinium spp.
Cocklodinium spp.
Gymnodintum breve
Gymnodintum splendens
Gymnodiniwm spp.
Gyrodinfum fissum
Gyrodinium spp,
Polykrikos schwartzt
Pouchetia sp.
Torodinium teredo
Tovedinium spp,

ARMORED DINOFLAGELLATES

94-44
6-0

0-1

T1-67
0-1
15-24

47-30

0-1
93-61

39-40
33-38

4-6
26-17

1-1
20-18
0-1

9-1

0-6

38-30

1-0

Ceratium furca

Ceratium fisus

Ceratium trichoceros
Cevalium tripos var, atlanticum
Ceratium A (furca?)
Dinophysis caudata var, B
Dinophysis A

Dinophysis sp,
Diplopsalis spp.
Exuviaella A

Exuvigella spp,
Gonyaulax spinifero
Gonygulax? D

Gonyaulax spp.
Peridintum claudicans
Peridinium conicum
Peridinium depressum
Peridinium excenlricum
Peridinium oblongum
Peridintum [

Peridinium E

Peridinium spp,
Phalacroma sp.
Prorocentrum micens
Prorocentrum gracile
Prarocenivum sp.
Pyraphacus horologicum
Pyrophacus sp.
Gymnedinium- Glenodinium spp.

0-53

0-3

1-0

1-0

49-57

0-3

2-0

1-0

1-1

0-1

2-0

16-6

1-1

1-1
§-11

1-0

1-0
1-0

1-0
13-12

O an bt e
-0 0o
w

1-0

1-¢

-3

1-0
0-1
21-21

16-13

28-30

1-1

30-45

SBurface
——————Averaged Cell Counts
Bottom

13,325

18,402

4,415

18,830

186,679

10,450

18,163

13,343

17,410

13,107

13,788

28,325

22,466

2,498

11,415

203,652

10,208

17,415

13,173

20,195

11,093

12,248

Surface
—Salinity {%.} Ranges
Bottom

35.0-36.7

35,7-26.8

32,8-36.2

35.0-38.5

36,2-37.8

36.9-38.5

37.6-39.2

37.5-39.2

35.4-37,1

36.6-37.2

36.0-36.4

35,0-36.2

36.0-36.7

34,4-36.4

35.0-36.6

36.1-37.9

37.4-38.3

37.9-38.0

37.8-39.1

35.8-36.9

37.4-37.8

35.7-36,2

Surface
—snme— Temperature {"C) Ranges
Bottom

13.3-16.8

14.0-17.9

15.2-18.3

20.0-22.1

20.6-27.3

26,0-27.6

27.0-31.5

28.8-31.1

28.6-31.5

27.4-29.8

21.8-28,3

13,0-16.8

14,0-18.0

15.5-18.8

19.6-22.2

20.6-27.3

26.1-27.5

28.7-31.5

29.5-31,2

28.9-31.4

27.3-30,0

21.4-23.3
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TABLE 19: IN STUMP PASS (W$-8)
Surface-bottom ¥ (0-0) of total organisms, per liter, observed.

NAKED DINOFLAGELLATES D J ¥ M A M J J A 3 0

Cochlodintum spp, -4 3-0 1-1 1-0

Gymnodinium breve 0-1 0-1

Gymnodirium splendens 0-1 1-1 0-1 0-1

Gymnodinium spp, 0-60 77-6% 6-9 82-61 53-24 25-30 18-15

Gyrodinfum fissum 1.0 0-1 - 1-2 -2 2-0

GCyrodiniurn Spp- 50-12 15-17 40-42 28-43 2-6 27-45 32-38 35-38 18-13 29-19 29-36

Tovodintumn teredo 1-10 2-1 2-0

Torodinium sp, 1-0

ARMORED DINOFLAGELLATES

Ceralium fusus 2-1 0-1

Ceratium trichoceros 1-1 1-1

Ceratium tripas var, atlanticum 1-0 0-1 -1 0-1

Ceratium A (furca?) 0-1 1-0 1-1 1-1 1-1 1-0

Ceratium F {fusus?) 0-2 0-1

Dinophysis ceudata var, B 0-1 1-0

Dinophysis A 7-18

Diplopsalis spp. 1-1 1.0 0-1 2-2 1-4 1-1

Exuviaella A 1-0

Exuvigetla spp. 0-4 D-1 1-0

Gonyaulax monilata 0-1

Gonyaulax spinifera 18-29

Gonyaulex? D “0-3 5-2 2-0

Gonyaulax sp. 25-18 7-12 54-58 3032 2-1 4-4 15-11 3-11 2-2 17-13 5-1

Peridinium claudicans 0-1 1-0 1-0 0-1

Peridinium conicum 0-1 2-6 1-1

Peridinium depressum 0-4 3-0 0-2 2-1 0-1

Peridinium divergens 1-0

Peridinium exceniriciem 1-0 2-0 2-0 0-2

Pevidinium oblongum 1-1 1-1 0-1 3-1

Peridinium D 1-1 1-0 2-1

Peridinium E c-1 1-0

Peridinium spp. 1-1 3r-1 3-1 14-20 22-14 22-15 15-8 25-12 13-8

Provocentrum micans 4-10 2-12 0-2 1-1

Prorocenirum gracile 0-1 1-1 1-0 2-2

Prorvocentrum spp, 25-0 1-0 0-2 1-1

Pyrophacus horologicum 0-1 1-0

Pyrophacus horologicum

var. sleinii 1-0

Pyrophacus spp. 0-1 0-1

Gymrodinium- Glenodinium spp. 9-8 14-0 18-46 44-52

Surface ) 3,325 19,382 2,015 26,658 | 199,822 10,418 16,533 14,665 20,085 10,490 12,668
Averaged Cell Counts

Bottom 20,825 21,580 1,583 8,750 169,884 11,580 18,410 17,637 25,670 17,113 19,875

Surface 35.6-36.6 | 35.5-36.4 | 30.8-36.0 | 34.6-36.6 | 34,4-37.7 | 37.5-38,5 | 37.8-38.7 | 37.7-39.1 | 35.8-37.9 | 37.2-37,5 | 35.3-36.8
Salinity (%} Ranges

Bottom 35.6-36.7 | 35.8-36.2 | 34.4-36,1 | 34.9-36.6 | 36.2-37.6 | 37.3-38,5 | 37.8-39.0 | 37.5-39.2 | 35.8-37.9 | 37.0-37.5 | 35.4-36.3

Surface 14.0-1.0 | 14.0-18.0 | 15.7-18.7 | 20.1-22.3 | 20.5-27.3 | 25.9-27.8 | 28,8-32.0 | 28.6-31.2 | 28.6-31.5 | 27.4-30.2 | 21.3-28.4
Temperature (°C) Ranges

Bottom 14.5-17.2 | 14.0-17.8 | 15,5-17.8 | 20.0-22.3 | 20.5-27.3 | 25.8-27.8 | 28,6-31.6 | 29.4-31.1 | 28.7-31.4 | 27.2-30.0 | 21.1-28.3

B Py
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TABLE 20: NEAR ISLAND IN STUMP PASS (Ws-9)
Surface-boitom ¥ (0-0) of total organisms, per liter, observed.

NAKED DINOFLAGELLATES D J F M A M J J A s o
Cochlodinium spp. 4-0 0-1
Gymnodinium breve . -0
Gymnodinium splendens 0-1 0-1 1-0 1-0
Gymnodinium spp. 2.0 45-76 0-2 5-5 47-69 32-37 22-26 3-2 25-0
Gyrodinium fissum 0-1 3-0 9-10
Gyrodinium spy. 32-10 41-40 32-24 27-21 41-45 39-39 52-50 23-3 17-29 32-26
Polykrikos schwartzi 1-¢ 0-2
Toredintum teredo 1-0 1-1
Torodinium spp, 1-0 0-1
ABRMORED DINQFLAGELLATES
Ceralivm fusus 1-0 0-1 1-5
Cevatium trichoceros . i-1 0-1 ]
Ceratium A (furca?} 0-1 1.1 1-0 0-1 =
Ceralium sp. ‘ 1-0 Q
Dinophysis coudata var. pedurculatal 3-0 0-1 E
Dinophysis caudata var. B 0-9 0-3 =]
Dinophysis A 12-12 1S
Diplopsalis spp, 0-1 2-2 5-2 5-1 2-5
Exuviaella Spp. 1-0 ; 0-2 o
Gonyaulax spinifera 0-2 0-1 o
Gonyawlax? D ) . 1-2 >
Gonryaulax spp. 20-12 58-58 34-40 13-5 12-7 16-9 6-8 32-11 8-18 4-2 g
Peridinium claudicans 1-0
Peridinium conicum 0-3 5-5 1-0 [»)
Peridintum depresswin -1 0-1 L ]
Peridinium divergens 1-0 a
Peridinium excentricum 0-1 ) 1-0 0-1 2-4 1-0 1-1
Peridinium oblongum 1-1 1-1 1.1 1-1 %
Peridinium B 1-0 T
Pevridinium D 4-0 1-1 1-0 =
Peridinium E 1-0 1-1 =
Peridinium spp. 23-20 12-3 14-9 17-20 16-16 3-13 18-18 11-15 =
Provocenfrum micans 5-8 9-27 -1 -
Provocentrum spp. 0-1 ﬂ
Pyrophacus horologicum 6-2 1-0 fe}
Pyrophacus horologicum “

var, steinii 0-1
Pyrophacus sp. 1-0
Gymnodinium- Glenodinium spp, 11-13 46-24 49-50
Surface 20,400 8,966 2,835 18,498 24,444 13,040 18,793 12,375 10,920 7,887 11,335
————Averaged Cell Counts
Bottom 0 18,044 3,815 16,240 44,198 11,210 15,873 10,618 16,670 7,830 11,080
Surface 35.4-36.2 ! 35.0-36.3 | 31.6-35.9 | 34.6-36,8 | 36,3.37.6 | 36.9-38,5 | 37.5-39.1 | 37,5-39.2 | 35.7-35.8 | 35.7-37.6 | 34.4-36.1

Salinity (.} Ranges
Bottom 35,5-36.1 { 35.1-36.4 | 33,4-35.% | 34,3-36.6 | 36,0-37.4 | 36,9-39.4 | 37.8-39.3 | 37.7-39.2 | 35.9-36.3 § 37.0-37.2 | 35.2-36.1
Surface 12.6-17.4 | 14,0-18,4 | 15.5-18.0 | 20,7-22.6 | 20.5-27.2 | 26,1-28.7 | 29,0-33,7 | 28.6-32.5 | 30.2-31,7 | 27.3-30.1 | 21.3-28.4
Temperature {°C) Ranges .

Bottom 13.2-17.4 ¢ 13.8-18,0 | 15.2-17,8 | 20.7-22,5 | 20,3-27.2 | 25.7-28,0 | 28,7-32,1 { 30,0-31.2 | 28.9-31.4 | 27,4-29.9 | 21.1-28.4
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EXPLANATION OF APPENDIX C

Appendix C includes graphs showing popu-
lation fluctuations at Stations RT 1 (broken

line) and WS 5 (solid line), both of which were
located at Pinellas Point, Tampa Bay, Florida.
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SEASONAL DISTRIBUTION
OF DIATOMS IN FLORIDA INSHORE WATERS
FROM TAMPA BAY TO CAXAMBAS PASS,
1963-1964

RICHARD P. SAUNDERS, BRUCE I BIRNHAK,
JOANNE T. DAVIS, AND CARQOL L. WAHLQUIST

INTRODUCTION

Phyloplankton communities have beeninvesti-
gated extensively in Texas by Freese (1952), in
Apalachee Bay {Florida) by Cur} (1959), and in
the Mississippi delta by Simmons and Thomas
{1962). Gunter et al. (1948), King (1950), Davis
(1950), Lackey and Hynes (1955), Dragovich
(1963), and Dragovich and Kelly (1964) have
briefly described the phytoplankton communities
of the middle and southern west coast of Florida
but an extensive analysis of these areas has yet
to be accomplished, King, in a portion of his
study, described the Fort Myers area during
May through October 1949, while Dragovich re-
ported on the genera of phytoplankton at Naples
from March 1956, through August 1957. A brief
account of the organisms present in the Tampa
Bay Red Tide of 1963 (Dragovich and Kelly) ap-
pears tobe the only description of phytoplankton
from this embayment. Our investigation pro-
vides new information on diatom abundance and
seasonality of the Florida west coast.

This study was initiated in November 1963 as
part of an investigation of Red Tide ecology
conducted at the Florida Board of Conservation
Marine Laboratory, Eleven Red Tide (RT) sta-
tions were established at various points along
the coast from Tampa and Hillsborough Bays in
the north to Caxambas Pass in the south. Nine
additional stations (designated WS) were sam-
pled weekly, beginning in December 1983, in
order to follow more closely seasonal varia-
tions in diatom populations.

METHODS AND MATERIALS

One liter surface and bottom samples were
collected from each station {RT and WS), Where
possible, samples were taken by immersing a
wide- mouth, plastic-capped jar (the sample con-
tainer)to the desired depth by hand and allowing
the water to enter gradually as the cap was un-
screwed. RT bottom samples were taken ap-
proximately six inches above bottom and in
such a way as to avoid agitating the sediments.
A weighted polyethylene sampling bottle was
used to collect bottom samples at WS stations.
Samples were protected from excessive tem-
perature changes and vibration during transport
and were returned to the laboratory on the day
of collection. These were placed under fluor-
escent lights and examined within 48 hours.

Salinities utilized in this study were deter-
mined with G. M. hydrometer bulbs, Water tem-
peralures were taken with a total immersion
-20 to 110°C thermometer and were estimated
to the nearest 0,5 degree.

Diatoms were identified and counted in the
living state. "Pleurax' permanent slide mounts
of selected samples were made beginning in
June and these aided inthe identification of spe-
cies. The procedure for enumeration of diatoms
was as follows: after a gentle agitation of the
sample jar, three I ml aliquots were withdrawn
and dispensed into the three concavities of a
glass spot plate for initial examination under a
dissecting microscope. Larger diatoms such
as Melosira sulcata, Biddulphia vegia, Hemi-
discus havdmanianus, and several species of
Coscinodiscus were counted directly in this
manner, 8mall species such as Chaeloceiros
spp., when their numbers were not excessive,
were removed by pipette from the wellsto slides
and identified under a compound microscope.
When a species was very abundant, as was the
case with Skeletonema costatum in most sam-
ples, measured portions of agitated sample
were transferred directly from the sample jar
to a clean slide and counted at 100 x magnifica-
tion. Here, best results were obtained by mak-
ing counts from 0.1 ml portions of sample dis-
persed in the form of drops on a microscope
slide,

In the majority of samples examined, esti-
mates of the number of cells of each species
were made, rather than total counts. The use
of estimates proved necessary, particularly in
the initial stages of the study, in order to han-
dle the large numbers of samples (949 in all)
and at the same time to progress in the identi-
fication of species. These estimates were de-
rived from roughcounts of 1 ml sample aliquots
and placed intc one of the following ranges:
1} 1 to 10 cells/ml; 2} 11 to 100 cells/ml; 3) 101

to 1,000 cells/ml; 4) 1,001 to 10,000 cells/mL
and 5) 10,001 to 100,000 cells/ml. Where a spe-
cies appeared to fall between two categories
with respect to its abundance, the lesser of the
two values was selected. The examination of
larger subsamples {rom time to time indicated
that these estimates were fairly reliable.

In order to derive total cell counts for each
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station, -~ shown in Figures 1 through T, esti-
mates of the various gpecies were converted to
actual numbers for the purpose of tabulation,
The numbers corresponding to the five cate-
gories above are: 1) § cells/ml 2) 55 cells/ml;
3) 550 cells/ml, 4}5,500 cells/ml; and 5) 55,000
cells/ml. For example, in a particular sample
in which there were three species numbering 1
to 10, 101t01,000, and 10,001 to 100,000, a total
cell count of 55,555 would be recorded.

RESULTS AND DISCUSSION

Tempevature and Salinity

The salinity or temperature at each station
usually varied by less than 1.0%, or 1.0°C from
surface to bottom. Notable exceptions occurred
only with regard to salinity at Station WS 4 on
January 22, February 5, March 25, April 8, and
April 29, when the surface and bottom values
were respectively: 19.6 and 26.27,, 10.6 and
24.0%., 18.6 and 25.2%., 21.9 and 25.1%, and
16.5 and 26.8%,. However, only surface salinity
and temperature values are presented in the
data (Figures 1-4}).
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Figure 1,

FLORIDA BOARD OF CONSERVATION

Total diztoms/ml, surface temperatures and salinities at WS Stations 1-5 January
1964 throvgh October 1964, Salinities and temperatures were plotted arithmetically
(right ordinate) and total diatoms logarithmically (leit ordinate).
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Figure 2. Total diatoms/ml, surface temperatures and salinities at W$ Stations 6-9 and RT
Station 1 January 1964 through October 1964, Salinities and temperatures were plotted
arithmetically (right ordinate) and total diatoms logarithmically (left ordinate},
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Figure 3. Total diatoms/ml, surface temperatures and salinities at RT Stations 2-8 January
1964 through October 1864, Salinities and temperatures were plotted arithmetically
{right ordinate) and total diatoms logarithmically (left ordinate}.
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Figure 4, Total diatoms/ml, surface temperatures and salinities at RT Stations 7-11 January
1964 through October 1964, Salinities and temperatures were ploited arithmetlcally
(right ordinate) and total diatoms logarithmically {left ordinate).
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For the most part salinities remained above
30 %, at WS Stations 1,2, 3,7, 8, and 9, and at
RT Stations 2 through 9, The remaining stations
were characterized by somewhat lower and
more variable salinities, Salinities at most
stations were highest jnJune and lowest in Feb-
ruary and March,

The lowest watertemperatures were recorded
in January or February and the highest tem-
peratures were recorded within the period June
through September. The lowest and highest re-
corded temperatures during the sampling period
were 8.0°C and 36.8°C. :

Diatom Abundance

A characteristic of most studies of the phy-
toplankton of the Gulf of Mexico is the lack of
quantitative data. In those instances where total
cell counts were recorded they were consid-
erably less than those we encountered for dia-
toms alone,

Samples typically contained more than 1,000
diatoms/ml, This exceptional abundance was
the most striking feature of the entire investi-
gation (Figures 1-4). The mean cell number per
ml from January through October 1864 was
10,343 at RT stations and 9,697 at WS stations,
In no single month did the average for all sta-
tions drop below 1,000 cells/ml. These values
parallel those obtained by Conover (1956) for
Long Island Sound, Smayda {1957) for lower
Narragansett Bay, and Pratt (1959) for Nar-
ragansett Bay, and exceed considerably those
of Lillick (1937) for Vineyard Sound and Riley
(1952) for Block Island Sound. Other studies
conducted in inshore environments (Cowles,
1930; King, 1850; and Curl, 1959} indicate levels
of abundance considerably less than those ob-
tained in this study.

Monthly compilations of cell counts from WS
samptles (Table 14) reveal: maximum numbers
of diatoms occurred from January through
April, low numbers prevailed ifrom May through
August, and cell numbers rose sharply in Sep-
tember and October, This general pattern of
abundance was also evident at the monthly RT
stations, Months of highest and lowest counts
at WS stations were February (26,266/ml) and
May (3,846/inl); at RT stations they were Feb-
ruary (22,725/ml) and July (1,277/ml). The de-
gree to which individual WS and RT stations
differed from month te month is indicated in
Figures 1-4. Sampling in future studies should
be more frequent and of longer duration than in
the present program to clearly delineate sea-
sonal fluctuations in diatom abundance.

Seasonality of Species

Skelelonema costatum was unquestionably the
dominant diatom and its presence in large mea-
sure determined the pattern of abundance for
total diatoms. Counts were as high as 31,925
cells/ml and estimates of 10,001 to 100,000

cells/ml were recorded (Table 3). Comparable
values are seldom encountered in diatom lit-
erature. Skelefonema exceeded 1,000 cells/ml
at all stations from January through April
(Table 3) and in February, its peak month, was
so profuse at most stations that it appeared to
limit the population densities of other species.
Skeletonema cell counts were low in May, June,
and July {a period when Chaetoceros and Rhi.
zosolenia populations were at a zenith) and in-
creased steadily after July to a level closely
approaching that of winter,

The seasonality of Skeletonema costatum in
Florida west coast waters has been variously
reported as present to dominant by Davis (1950),
common in the vicinity of Fort Myers from May
to October by King (1950), abundant from Feb-
ruary through April and Augustthrough Septem-
ber in Apalachee Bay by Curl (1959), and domi-
nant in April off Naples by Dragovich (1963),
However, in no instance does the recorded
abundance approach that of our samples. The
seasonal cycle of this species in Apalachee Bay
is similar to that found in this study.

Certain diatoms paralleled Skeleforema in
their seasonality. Asterionella japonica and
Melosiva sulcata, for example, were most
prevalent during January, February, September,
and October, and least abundant in July and Au-
gust, Thalassiosira spp. (Table 2) were asso-
ciated with heavy concentrations of Skeletonema,
but did not reach maximum abundance until that
species had declined (April). At least two spe-
cies of Thalassiosira were present. The first,
which is probably the recently described Cos-
cinosiva floridana Cooper, was abundant during
the winter and spring. The second, Thalas-
siosiva 'decipiens, was moderately abundant
from June through October. Curl {1959) re-
corded T, decipiens from Apalachee Bay in Jan-
uary, but listed no other species of Thalas-
siosira.

Nitzschia seviata (?) and N. closterium (?)
(Tables 6 and 7) surpassed 100 celis/ml at one
or more stations during each month from April
through October and were regularly recorded in
low concentrations in other months. The tax-
onomy of these species is discussed under ""Spe-
cies Account,” Highs of 1,000 or more cells/ml
at several stations during July suggest this to
have been the peak month for both species.

Rhizosolenia spp, (Table 8) and Leplocylindrus
spp. (Table 10) attained a maximum abundance
of more than100 cells/mlin summer and spring.
Chaetoceros spp. (Table9) were most numerous
from April through October.

General Distribution

Species composition and abundance at various
stations differed (Tables 1 through 11). The fol-
lowing trends were observed: 1) on the average,
diatoms were most numerous at low salinity
stations (WS 6 and RT 11) and least abundant at

e AR M AP R

e PR




le
b~
nl
il

L3

to
5,
Uy

n—-

ly
in

1},

a,

as
31—

iy
at

RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1966 55

high salinity stations (WS 1,2, 3,7, 8 and 9 and
RT 2 through 9); 2) extreme fluctuations in
abundance were the rule at low salinity stations
while they were the exception at high salinity
stations; and 3) the greatest number of species
was observed in areas of intermediate salinity
(W5 4 and 5 and RT 1 and 10).

Low {0 moderate salinity stations were char-
acteristically inhabited byAsterionella japonica,
Skeletonema costatum, and Thalassiosira spp.
High salinity stations, on the other hand, were
noted for occurrences of Nilzschia closterium
(?), N. seriala (?), Leptocylindrus spp., Rhizo-
solenia spp., and Chaetocevos spp. Bellevochea
malleus was considerably more numerous at
WS 5 and RT 1 than at other stations. This spe-
cies persisted in numbers from 101 to 1,000/ml
at these stations from May through October.

Frequency of Occurrence

Frequency of occurrence represents the per
cent of samples in which a species was present
in numbers exceeding 1 celi/ml (effectively the
lowest count possible with the method utilized).
The frequencies of routinely encountered spe-
cies are depicted in Tables 12 and 13, Less
abundant species are discussed under ''Species
Account,"

Lithodesmium undulatum and Streptotheca
thamensis were more frequently encountered in
winterthan at other times of the year. Guinardia
flaccida, Leptocylindyus spp., Corethron cvio-
phylum, and Thalassionema nilzschioides were
most often encountered during summer and fall.

Species Dominance

Numerically Skelelonema costatum surpassed
all other species combined except during May,
June, and July., K was exceeded at WS stations
in May by Leptocylindrus spp., in June by
Chaetoceros spp., and in July by Rhizosolenia
spp. (Tables 14 and 15). However, the striking
disparity in the size of various species must
preclude an accurate analysis of their relation
to the phytoplankton biomass. The large size
of Rhizosolenia spp. in comparison to Skele-
tonema, for example, suggests that the former
were dominant during June and July at WS sta-
tions {Table 14), Similarly, Bellerockea mal-
leus, an extremely large diatom, should be con-
sidered as sharing a position of dominance with
other species during its peak months of May

and June.
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Species

Reference

Remarks

Melosira qubia Kutzing

Melosiva sulcata (Ehrenberg) Kutzing
Plate III, fig. 15

Cyclotella spp.
Plate 11, fig. 11

Skeletonema costatum
{Greville) Cleve

Coscinosira polychorda Gran
Plate II, fig, 10

/

Stephanopyxis palmeriana
(Greville) Grunow

Thalassiosira sp,
Plate I, fig. 5

Thalassiosiva decipiens
(Grunow) Jorgensen

Curl, p. 285, fig. 2, 1959

Hustedt, Pt. I, p, 276-8, fig. 118-9,
1930

Hustedt, Pt. 1, 1930

Hendey, p, 91-2, P1. VII,
fig. 3, 1964

Hustedt, Pt. I, p. 317, fig. 154, 1930

Hustedt, Pi. I, p. 308-9, fig. 147, 1930

Hustedt, Pt. I, p. 321-2, fig, 157

Hustedt, Pt, I, p. 322-3, fig, 158, 1030

Recorded infrequently from January through
June. Probably a tychopelagic species. 550/ml
in surface samples from RT 4 (April 20) and
WS 4 (June 24). Identification tentative. Re~
corded as rare inApalachee Bay by Curl{1959),

Present at least sparingly in every month, Most
frequently recorded in February (50% of sam-
ples). Generally fewer than 100 cells/ml. Not
recorded from Stations WS 6 or RT 11,

Observed only during August and September,
Highest count was 2,650 cells/ml.

Present every month at all WS stations, Re-
corded frequently in numbers exceeding 10,000
cells/ml during January through April and Sep-
tember through October. Highest recorded
count was 31,925 cells/ml on July 8 (WS 6).
Auxospores of this species were observed on
November 14 (WS 4).

In a few samples during February, March,
April, and October at WS 1-3 and 7-9. Never
more than 10 cells/ml, Observed once by
Freese (1952) and as a minor species in Oc-
tober by Simimons and Thomas {1962), Identi-
fication tentative.

Recorded only from WS 9 (June 11), There
were 5 cells/ml at surface and 400 on bottom.

Recorded from April through June. Highest
number recorded 12,600/ml at WS 5 {May 6).
Closely resembles Thalassiosire nordenski-
oldii Cleve, but probably is Coscinosira flovi-
dana Cooper,

Recorded from June through October, 5,500/ml
at WS 7 and 8 (August 27). Identification based

NOILVAYISNOD 40 QUVOod vAOHOId

Plate V. fic. 24

on slide material Recorded in January by




Thalassiosire decipiens
(Gruncsw) Jorgensen

Hustedt, Pt. I, p. 322-3, fig. 158, 1930

)

Recorded from June through Qctober. 3,3.5, ...
at WS 7 and 8 (August 27). Identification based

i A e

Plate V, fig, 24

Coscinodiscus spp.
Plate IV, fig. 20
Plate V, fig. 21

Hemidiscus hardmanianus
{Greville) Mann

Actinoptychus spp.
Plate I1, fig. 14

Eupodiscus radiatus Bailey

Biddulphia regia (Schultze)
Ostenfeld
Plate II, fig. 6

Biddulphia alternans (Bailey)
van Heurck
Plate V, fig. 26

Biddulphia aurita (Lyngbye)
Brebisson and Godey

Biddulphia mobiliensis Bailey
Plate 10, fig, 8

Biddulphia pulchella Gray

Hustedt, Pt. 1, p. 388-91, 406-10,
420-1, 436-8, 444-5, fig, 201-2,
214-17, 225, 237-8, 243, 1930

Curl, p. 287, fig. 17, 1959

Hustedt, Pt. I, p. 475-9, fig. 263-6,
1930

Hendey, p. 97, Pl XXIH, fig. 3, 1964

Hustedt, Pt. I, p. 838-40, fig. 494, 1930

Hendey, p. 102, PL XXV, fig. 5, 1964

Hustedt, Pt. I, p. 846-9, fig. 489 and
500-2, 1930.

Hustedt, Pt. I, p. 840-2, fig. 495, 1930

Hustedt, Pt. I, p. 832-4, fig. 490, 1930

on slide material Recorded in January by
Curl, as a minor species by Simmons and
Thomas, and as common by Freese.

Generally fewer than 10/ml. Highest count
700/ml in surface sample from WS 4 (April 6).
Species recorded were: Coscinodiscus excen-.
tricus Ehrenberg; C. cwrvatulus Grunow; C.
vadiatus Ehrenberg; C. grdnii Gough; and C.
centralis Ehrenberg.

Recorded on eight occasions from August
through October. 10 or less/ml. Present only
at WS 3,7, 8,9 and RT 5. Recorded by Curl
and Freese. -

Two species, Actinoptychus undulatus (Bailey)
Ralfs and A, splendens (Shadbolt) Ralfs, present
in low numbers in January, August, and Sep-
tember,

Recorded twice from bottom samples (WS 1 and
4) during October,

Present nearly continuously from May through
October at WS 4-6. Sporadic at other stations.
Always fewer than 10 cells/ml. Not reported
by Curl, Freese, or Simmons and Thomas. Ap-
parently previously unrecorded from the Gulf
of Mexico.

Most abundant in January, February, and Oc-
tober. As many as 100/ml in a few samples
but generally less than 10.

Occurred {irequently in October samples,
100/ml or fewer, Common in slide material.

Recorded from six samples during October.
1 to 10 cells/ml. Also in slides from June
through October at WS 1, 5, 8, and RT 2.

Abundance not known. Recorded only from slide
material from RT 7 (July 7), RT 1 (July 27) and
WS 5 (Qctober 14),
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Biddulphia vhombus (Ehrenberg)
W. Smith

Biddulphia tuomeyi (Bailey) Roper
Triceratium favus Ehrenberg
Triceratium dubium Brightwell
Bellevochea malleus (Brightwell)

van Heurck
Plate II, fig. 9

Cerataulina pelagica (Cleve)} Hendey

Lithodesmium undulatum Ehrenberg
Plate 1V, fig. 17

Hemigulus sinensis Greville

Hustedt, Pt, I, p, 842-4,
fig. 496-8, 1930

Hustedt, Pt. I, p. 834-6, fig. 491, 1930

Hustedt, Pt. I, p. 798-801,
fig. 463-4, 1930

Hustedt, Pt, I, p. 806, fig. 469, 1930

Hustedt, Pt. I, p. 782-3, fig. 456, 1930

Hendey, p. 113, PL, IV, fig. 4, 1964

Hustedt, Pt. I, p. 789-91, fig. 461, 1930

Hustedt, Pt. I, p. 875-6, fig 519, 1930

Abundance not known. Observed only in slide
material from WS 1 (June 9 and September 8),
WS 2 (June 9 and July 14), and RT 1 (August 24).

Abundance not known. Observed only in slide
material from WS 1 (June 9) and WS 2 (July 28).
The authors know of no previous record of this
species from the Gulf of Mexico.

Abundance not known. Recorded only in slide
material from W81 (June 9 and September 8)
WS 6 (July 8 and 15), and WS 4 (September 9).

Aburdance not known. Recorded only in slide
material from WS 3 (October 13).

Common from May through October, Most
abundant during this period at WS 4, 5, and
RT 1. Rare at WS 6 and not recorded from RT
11, Generally less than 1006/ml but counts as
high as 500/ml not uncommon at WS 4 and 5.
This species appears to take two "forms”
in our waters — B. malleus var, biangulaia
Peragallo and var, lefvagona van Heurck,

Frequently recorded in February, September,
and October; infrequently from May through
August. Only occasionally exceeding 100/ml,
Highest count 1,775/ml at WS 4 surface (June
24}, This species was more frequently en-
countered and abundant at RT 1 and WS 4 and
5 than at other stations. Curl reported it pres~
ent throughout the year except in winter in
Apalachee Bay,

Recorded in January, February, March, and
October, Most prevalent during February. Not
recorded from RT 10 or 11, rare at WS 4, 5,
and 6.

Observed in February, July, and September.
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Plate VI, fig. 27

1.125 cells/ml were recorded {rom WS § bot-
tc:m (July 8). This species was more wide-




Hemiaulus sinensis Greville

)

Hustedt, Pt. I, p. 875-6, fig 519, 1930

)

Observed in February, July, and September.

Plate VI, fig. 27

Hemiaulus membranaceus Cleve
Plate I, fig. 2

Climacodium spp.

Eucampia zoodiacus Ehrenberg
Plate VI, fig. 28

Eucampia cornuta (Cleve) Grunow

Streplotheca thamensis Shrubsole

Ditylum brightwellii (West) Grunow

Chaetoceros spp. (all species)

Chaetoceros peruvianum Brightwell

Cupp, p. 170, fig. 120, 1943

Hustedt, Pt, I, p. 776-T7, 777-8,
fig. 453-4, 1930

Hustedt, Pt. I, p. 772-4, fig. 451, 1830
Hustedt, Pt. I, p. 774, fig. 452, 1930

Hustedt, Pt. I, p. 779-80, fig, 455, 1930

Hustedt, Pt. I, p. 784-7, fig, 457-9, 1930

Hustedt, Pt. I, 1930

Hendey, p. 123, PL IX, fig. 3, 1964

1,125 cells/ml were recorded from W5 5 bot-
tom (July 8). This species was more wide-
spread at WS 4 and 5 than at other stations.

Approximately 5 cells/ml in one sample (WS T)
on July 2. Identity of this species questionable.

Recorded in April, May, June,July, September,
and October. Species encountered were: C.
Sfrauenfeldianum Grunow and C. biconcavum
{Ostenfeld) Cleve, To our knowledge the former
has not been recorded from the Gulf of Mexico.

Recorded from one sample (RT 2) collected
September 28,

Abundance not known. Recorded only from slide
material from RT 2 (September 28),

Recorded sparingly in allmonths but May, June
and July, Most common during February and
October, Generally less than 10 cells/ml. A
few counts, especially in October, as high as
55/ml.

Recorded irom a few samples in January, Au-
gust, September, and October. Did not exceed
10 cells/ml.

One or more species present during each month
of study. Chaeloceros spp. were very abundant
and widely distributed among the stations in
April, May, June, and September. Monthly
averages were highest of all stations at WS 1
and 2 during September (14,000/ml). Less
abundant at WS 4-6 and RT 1 and 10-11 than at
other locations, Chaefoceros spp. are treated
together since identifications to species were
not routinely made, Spelling of species names
is according to Hendey {1964).

Recorded only once in live material (WS 8, July
2). Common in slide material from May through

" September. Apparently not present at WS 6 or

RT 11.
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Species

Reference

Remarks

Chaetoceros lovenzianum Grunow

Chaetoceros compressum Lauder

Chaetoceros didymum Ehrenberg
Chaetoceros affine Lauder
Choetoceros lacinfosum Schutt
Chaetoceros galvestonensis Collier
and Murphy

Bacterigsirum sp,
Plate 1V, fig. 18
Rhizosolenia spp, (all species)

Rhizosolenia fragilissima Bergon
Plate I, fig, 1

Hendey, p. 124, PL XVI,
fig. 1, 1964

Hendey, p. 125, PL XVI, fig. 5, 1964

Hendey, p. 125-6, PL XVII,
fig. 2, 1964

Hendey, p. 127, Pl XV,
fig. 3, 1964

Hendey, p. 127, PL X111,
fig. 2, 1964

Collier and Murphy, 1962

Hendey, p. 139, PL. VI, fig. 2, 1964

Hustedt, Pt. I, 1930

Hustedt, Pt, I, p. 571-2, fig. 324, 1930

Abundance not known, Not recorded in regular
samples. Common in slides from May through
September.

Not identified in regular samples, Very abun-
dant in slides from June through September at
most stations. Probably the most abundant
species of Chaetoceros in slides from many
samples.

Abundance not known, not identified in samples,
Common from June through October in slides.

Abundance not kpown. Observed only in slide
material, April through September,

Abundance not known. Not recorded in live ma-
terial, Present in slide material from June
through September. Identity of this species
questionable.

Recorded twice from RT 6 (February 19 and
29), There were approximately 500 cells/m}
in these samples.

Observed in January and April through October,
Highest count 175/ml (RT 8, August 4). Com-
mon in slide material. Resembled Bacter-
tastrum delicatulum Cleve,

Mostabundant from April through July. Monthly
averages at WS stations were highest in April
(531/ml) and June (656). The highest count was
6,700 at RT 8 (July 7). Rhizosolenia sSpp. are
treated together since identifications to species
were not routinely made,

Not identified prior to May; recorded from May
through October. Period of maximum abun-
dance, June through July, Monthly counts ex-
ceeded 1,000/ml in June at WS 5 and 7, and
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i S 9, 6,550 cells/ml were
during July at W s rere

present at RT 8 on July 7. Rarely recorded




aance, June through July., Monthly unt;
. y counts ex-
ceeded 1,000/ml in June at WS 5 and 7, af:d

)

Rhizosolenia stolterfothii
H. Peragallo
Plate 10, fig. 16

Rhizosolenia robusia Norman

Rhizosolenia imbricata Brightwell

Rhizosolenia seligeva Brightwell
Plate V, fig. 23

Rhizosolenia calcay avis M, Schultze

Rhizosolenia alafa Brightwell
Plate V, fig. 25

Hustedt, Pt. I, p. 578, fig. 329, 1930

Hustedt, Pt. I, p. 578-80,
fig. 330, 1930.

Hustedt, Pt. I, p. 580-4,
fig. 331-2, 1930

Hustedt, Pt. I, p. 588, fig. 336, 1930

Hustedt, Pt, I, p. 592-4,
fig. 339, 1930

Hustedt, Pt. I, p. 600-4,
fig, 345-8, 1930

during July at WS 9. 6,550 cells/ml were
present at RT 8 on July 7. Rarely recorded
at RT 10-11 or WS 6. Previously unreported
in the Gulf of Mexico.

The only species of Rhizosoleniq identified and
counted during the entire study. Recorded in
all months at a majority of stations. Peaks of
abundance during April, May, June, July, and
October. An exceptionally high count of 4,200
cells/ml occurred on April 21 in a surface
sample from W3 1. This species was uncom-
mon at WS 6 and RT 10 and 11.

Recorded in low numbers from a few WS sam-
ples during March, August, and October. Rare
at low salinity stations.

A count of 5 cells/ml in a single sample (WS 7
surface, August 27). Present in slide material
from WS 9 and RT 6 during July.

Not distinguished from other species of Riizo-
solenia until July. Common in subsequent
months and abundant during September, Highest
count 1,001-10,000/mi (RT 8, September 1).

Qccasional in live material from July through
October. Not identified in prior months., Gen-
erally fewer than 10/ml Present in slides
from June through October.

First identified from samples during July. Oc-
curred in over 10% of WS samples from July
through October. Highest count 75/ml (RT 5
bottom, July 13). Two forms of this species
were recorded — R. alata forma gracillima
(Cleve) Grunow, and R. alata forma indica
{Peragallo) Ostenfeld.
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Reference

Remarks

Guinardia flaccida {Castracane)
Peragallo
Plate III, fig. 13

Dactyliosolen meditervaneus
H, Peragallo

Leptocylindrus spp.
Plate I, fig. 3

Corethron criophylym Castracane

Lauderia borealis Gran
Plate IV, fig, 19

Plagiogramma vanheurckii Grunow

Astevionella japonica Cleve &
Moller ex Gran
Plate VI, fig. 30

Thalassiothrix frauenfeldii
Grunow

Hustedt, Pt. I, p. 562-4,
fig. 322, 1930

Hustedt, Pt. I, p. 556-7,
fig. 317, 1930 ‘

Hustedt, Pt. I, p. 558-9 and 560-1,
fig. 318-19 and 321, 1830

Hendey, p. 144, PL VII, fig. 4, 1964

Hustedt, Pt. I, p. 549-50, fig. 313, 1930

Hustedt, Pi. II, p. 112-3,
fig. 638, 1931

Hendey, p. 158, PL XXT, fig. 1, 1964

Hustedt, Pt, II, p. 247-8, fig. 727, 1932

Present throughout most of the study. Peaks
in abundance during June, July, and August., Not
recorded from RT 1, 10, or 11 and rare at WS
4-6, Absent at all stations during April. High-
est count, 250/m] (RT 2, July 27).

Recorded at least once in every month from -

June through October. Highest count, 75/ml
(WS 2, June 30), Identity questionable,

Abundant from May through QOctober. Maximum
abundance in May (23% of total diatoms at WS
stations). 34,700/ml at RT 4 on May 18. Ab-
sent during March at most stations. L. danicus
Cleve and L.minimus Gran appear tohave been
equally widespread in samples.

Present in approximately 8% of WS samples and
15% of RT samples. Increasing in frequency
and abundance from May until August, its peak
month. 1,175/ml at WS 4 bottom on August 12,
Absent at Stations WS 6 and RT 10-11,

Recorded sparingly from April through July and
October. May and October were peak months,
Never more than 100/ml, usually less than 10,
Not recorded {rom WS 6 or RT 1, 10 and 11.

Recorded once in regular samples (RT 4,
May 18).

A dominant species recorded from 50% of all
samples. Most abundant in February, Septem-
ber and October, when it frequently exceeded
100/m). Highest count, 2,100/ml (WS 4, July29),

Major period of abundance during March, les-
ser ones in January-February and September—
October. Absent during June and August, Gen-
erally fewer than 10/ml. Not observed at WS
5-6 or RT 1, 13 and 11,

NOLLVAHESNOD 40 qavOod VAIMOTA

w= a_3a TH T m 244-6.

h Oc-
adant species during June throug
An abli ann /m!]) fwa 8 surface, July 30). Ob-



CLUALL =hii=
¥ OLOWOL uidll Lwg Llle UL U oA YOW KL o

3-6 or RT 1, 10 and 11,

Thalassionema nitzschioides
Grunow

Striatella unipunctata (Lynghye)
Agarcdh
Plate 1, fig, 4

Grammatophora marina (Lyngbye)
Kutzing

Navicula spp.
Plate II, fig. 7,
Plate VI, fig, 29

Pleurosigma/Gyrosigma spp.

Plate T, fig, 12

Amphiprora sp.
Plate V, fig, 22

Amphiprova gigantea var, sulcata

Amphora spp.

Hustedt, PL. II, p. 244-6,
fig. 7125, 1932

Hustedt, Pt. I, p. 32-3, fig, 560, 1931

Hustedt, Pt, II, p, 43-4,
Fig. 569-70, 1931

Cupp, p. 193, fig. 142, 1943

Hendey, 1964

Hendey, 1964

Cupp, p. 198, {ig. 1951, 1543

Hendey, 1964

An abundant species during June through Oc-
tober 2,800/ml (WS 8 surface, July 30). Ob-
served from one or more stations during each
month of the study.

Rare, except during January and February.
Highest count 250/ml (WS 4 bottom, May 6).
Slightly greater frequency at RT1 and WS 4 and
5 than at other stations.

Recorded at least once in most months., Typi-
cally fewer than 100/ml 1,000/ml at RT 9 on
May 5.

Several species routinely encountered from July
through. October. Only occasionally did-their
number exceed 10/ml One species, believed
to be Navicula membranacea Cleve,occurred
from April to QOctober and was recorded most
frequently in August (17% of WS samples),

Present in over 30% of all samples. Most fre-
quently recorded during January-February and
September-October. Rarely more than 10/mL
Not encountered at WS 8,

An important component in samples during
September and October, especially at RT 1 and
WS 4, 5, and 6. There were estimated to be
1,001-10,000/ml at WS 5 on September 30, This
species ranged in size from 60-120 microns
and occurred commonly in "stellate'' clusters
of 10 or more cells, It appears to be completely
planktonic in habit,

Occasionally recorded in samples from July
through October. Generally less than 10/ml.
Identification unsubstantiated. Reported by
Freese (1952) from the area of Rockport, Texas.

Not identified prior to June; common in live
material and slides from June through October,
Seldom more than 10/ml
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Species

Reference

Remarks .

Nitzschia closterium (?)
(Ehrenberg) Wm, Smith

Nilzschia seviata(?) Cleve

Nitaschia longissima (Brebisson)
Ralis

Nitzschia paradoxa (Gmelin) Grunow

"naviculoid" spp.

OTHER ALGAE:

Pediastrum sp.

Scenedesmus sp.

Hendey, p. 283, PL XXI, fig. 8, 1964

Hendey, p. 284, PL XXI, fig, 6, 1964

Curl, p. 302, fig. 102, 1959

Curl, p. 302, fig. 103, 1959

Present in a majority of samples during sum-
mer and fall and in more than 20% of samples
in other months, Most abundant during July.
Generally fewer than 100/ml but higher counts
not uncommon. 2,400/ml at WS 1 on July 14,
Infrequent at WS 8, Reimann and Lewin (1964)
suggest that this form represents several spe-
cies of the genus Cylindrotheca Rabenhorst,

Present in about 45% of all samples. Peak of
abundance during July, 13,750/ml at WS 1 sur-
face on July 14, Usually less than 100/mlL
Examination of "Pleurax' slide material re-
vealed the presence, from time to time, of
Nitzschiq delicatissima Cleve and N. pungens
var. atlantica Cleve. In routine counts these
were probably counted as Nitzsckia seviata(?).

Present in 11% of RT and "% of WS samples.
Most common during July, August, and Septem-
ber. Never in large numbers, Not recorded
from WS 6 or RT 11.

Pregent in 10% of RT and 6% of WS samples,
Recorded in January, February, April, June,
and August through October. Most abundant in
October. Usually less than 100/ml.

Species of Navicula, Stawvoneis, Cocconeis and
other genera not readily identified because of
their small size (less than 50 microns). Re-
corded from 48% of RT and 37% of WS samples,
No particular seasonal trend was evident. Less
than 100/ml in most samples,

Recorded from WS 4 (March 25) and RT 11
{August 25).

Only a few cells present at WS 4 on March 25.
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Present in 7 samples during the period of June




Scenedesmus sp.

S

}

Only a few cells present at WS 4 on March 25,

Anabaena sp.

Spiruling sp.

Johannesbaptistia sp.

Merismopedia sp.

Trichodesmium thiebautit Gomont Curl. p. 307, 1959

Oscillatoria spp.

Present in 7 samples during the period of June
through September,

Recorded from WS 9 (July 30}, RT 2 (April 20),
WS (September 16 and 30, October 7 and 14).

Common from August through October. Pres-
ent during this period in 14% of WS and 15% of
RT samples. Never abundant. Identification
questionable.

Recorded only from WS 3 (August 18 and 25)
and RT 7 (September 1},

Present in nearly 8% of WS samples and 5% of
RT samples, Most abundant and frequently en-
countered during June and July. Seldom more
than 10/ml. Only rarely observed at WS 4-6
and RT 1 and 11,

Present in nearly 26% of WS and 15% of RT
samples from August through October. Highest
count, 550/ml (W8 6, September 9).

996T-£961 ‘STLLNNOD MATTIOD OL SVITINId ‘SHIANLS HULL aAd

g9






















RN NEE I

SN

R

72

1.

Stations

RT
RT
RT
RT
RT
RT
RT
RT
RT

Melosira sulcate

J

F

Tables 1-4,

FLORIDA BOARD OF CONSERVATION

Skelelonema cosiatum, and Bellerochea malleus

2,
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Each symbol represents the average of one surface and one bottom sample at RT stations

and an average of two to five surface and two to five bottom samples at WS slations.

X = less than 10/ml; C =11-100/mk N = 101-1,000/ml A = 1,000-10,000/mL

V = 10,001-100,000/mL  ? = no samples collected in that month. Where no symbol is

present the species in question was not observed.
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RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1866

Tables 5-8. Relative abundance of Cerataulina pelagica, Nitzschia seriata {7),
Niteschia closterium (?) and Rhizosolenia spp.

5. Ceratauling pelagica 8.  Nitaschia seriala
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7.  Nitzschig closterium (7)
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V = 10,001-100,000/mL;,  ? = no samples collected in that month, Where no symbol is
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Tables 9-11.  Relative abundance of Chaefoceros spp., Leptocylindrus spp.,
and Asterionelle japonica

9.  Chaetoceros spp. 10.  Leptocylindrus spp.
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kS Table 12, Diatom Frequenecy at W3 Stations <
1 .
3 | ]
g DEC. JAN, FEB. MAR, APR. MAY JUNE JULY AUG, SEPT, OCT. Average 8
] Melosira sulcata 10 39 59 22 11 14 7 11 [ 12 26 19 w
,’\{v\ Skeletonema costatum 88 91 13 89 48 19 28 35 62 69 2 88 H
g‘ Thalassiosira spp. 28 19 32 7 28 26 19 21 48 53 T4 34 g
& Coscinodiscus spp. 18 64 T4 60 42 44 26 24 67 2 30 43 =
£ Biddulphia spp, 10 58 41 21 18 39 24 26 23 42 0 25 &
Bellevochea malleus 2 11 27 21 15 53 31 39 54 52 0 34 N

3 Cerataulina pelagica Q 22 52 36 27 18 19 17 15 40 48 27
B Lithodesmium undulafum 0 22 52 a5 4 ] 4 o 4 9 26 16 S
i Hemiqulus 8pp. 36 36 50 10 5 3 18 36 35 59 26 26 4
e Streptotheca thamensis 3 4 4T 1 4 0 1] o 4 21 54 12 =
' Chaetaceros spp. 27 ki 11 51 59 85 85 81 65 80 78 65 [
3 Rhizoselenia spp, 45 81 74 6% 65 82 89 86 48 T7 93 74 E
R. stoltevfotkii (37 (29) (21) 18 %); (35 (37) (28) (23) (23) (43) (27 t

R. setigeva ? ? ? ? ? ? ? {49} (34} {53) {87 ?
R. alaia ? ? ? ? ? ? ? (12) (2) (17} (18) ? -1
R, frogilissima 7 ? ? ? ? (20) (29) (53} (18) 12) {40) ? O
Guinardia flaccida 2 7 ] k] 0 ) 17 32 40 B 11 12 A
Leptocylindrus spp. 0 24 1 ] 19 58 50 49 31 59 81 33 o
Corethron criophylum 0 1 1 o 4 0 6 8 27 ao 17 B b
Asterionella japonice 30 T4 88 51 17 2g 44 25 40 % 73 50 F:

Thalassiothrix frauenfeldsi 7 - 21 12 33 1 4 0 4 0 17 13 10
Thalassionema nitzschicides 22 6 6 11 4 24 38 26 a5 73 85 28 =
Navicula spp. 15 3 0 3 14 13 25 40 61 57 20 e
N. membranacea ? 7 ? ? (3 { 1) (N (7 17) (1 (4 ? e
Pleurostgma/Gyrosigma spp. 15 39 30 42 69 6 26 10 19 51 61 27 O
Nitzschia closterium (1) 22 26 32 21 21 39 65 75 60 77 91 47 c
Nitzschia seriata (?) 13 36 32 N 40 42 18 60 56 85 91 44 5
g
Numbers indicate the percentage of samples chserved to he positive, Parentheses indicate that a species was also included in the analysis of the genus. ;—5
Data reflect only occurrence without regard to population dengity, ? indicates that a species was not identified in a particular month. $
[y
R < =]
=1}
W O

Gl




Table 13. Diatom Frequency at RT Stations

DEC. JAN. FEB. MAR. APR. MAY JUNE JULY

Melosira sulcate 10 27 54 18 - 4 ] 14 ¢

Skeletonema costatum 80 a5 100 100 100 ™ 95 64

Thaiassiosive spp. 20 27 23 54 45 36 50 14 86 66

Coscinodiscus app. 10 59 68 32 32 32 27 9 32 45 36 25 o
Biddulphia spp. ¢ 32 15 36 14 54 32 9 23 41 57 27 =
Bellerochea matleus 0 0 9 4 27 59 36 23 27 68 97 37 =
Ceratauling pelagica 0 4 32 a7 4 14 23 0 27 68 50 23 =)
Lithodesmium undulatum 0 14 32 9 4 4 0 0 0 14 36 10 o
Hemiaulus spp, 10 18 23 9 4 0 18 23 4 41 14 15 >
Streplotheca thamensis 20 9 14 18 0 [ 0 (] 9 23 32 11 =
Chaetoceres spp, 10 73 50 36 73 64 86 68 59 86 100 67 o
Rhizosoleria spp. 50 100 91 86 59 m 82 91 77 68 86 19 4

R. stolterfothii {4 {14) 23) (9 ) {23) 27 (23) (9 (9 (43} 1n) o

R. setigera ? ? ? ? ? ? ? (41) {64) (59) {78) ? (=]

R, eluta ? ? ? ? ? ? 7 (18) { 4} (9 (n ?

R. fragilissima ? ? ? ? ? 14 18 45 9 9 14 ? o
Guinavrdia flaccida a 0 0 S 0 ¢ 18 36 14 4 7 8 ™
Leptocylindrus spp. 0 23 9 4 9 32 57 27 32 59 79 30 a
Covethron criophyium 0 0 4 0 0 4 14 14 36 41 50 15 o
Asterionellz japonica 30 59 7 64 27 45 3z 18 18 91 160 51 =
Thalassiothrix frauenfeldti 0 18 4 57 0 [ 0 0 4 0 0 7 2]
Thalassionema nitzschioides 14 9 a3 4 18 23 45 18 68 7 78 34 Iz
Navicula spp. 40 0 4 0 0 4 9 18 27 68 57 21 <

&, membranacea 7 ? 7 ? (0 (o (0 (f (9 (9 (0 ? N
Pleurosigma/Gyrosigma epp. 40 45 45 23 13 9 18 27 18 64 79 35
Nitzschia closterium (?) 70 50 59 45 45 68 68 73 82 91 100 68 =
Nitzschia seviata (7?) o ‘217 18 9 27 59 59 59 54 64 100 43 8

Numbers indicate the percentage of samples observed to be positive, Parentheses indicate that a species was also included in the anlysis of the genus.

Data reflect only occurrence without regard to population density ? indicates that a species was not identified in a particular month,
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Table 14, WS Stations: Percentages of Selected Diatom Species In Surface and Bottom Samples, 1982
JAN., FEB, MAR, APR, MAY JUNE JULY AUG, SEPT. OCT.
skelefonetna costatum 88 a3 5 6 16 33 32 68 67 B4
Chaeloceros SPP. <1 <1 <1 15 21 37 7 1 27 2
*  Rhizosolenia Spp. <1 <1 <1 L] 2 14 B <1 =<1 <1
Leptocylindrus spp. <1 <1 0 2 24 8 1 <1 <} 1
Asterionella japonica 1 13 <l <1 1 3 <i 2 1 2
. Nitzschia closterium () <1 <1 <1 <1 <1 1 ] <1 <1 <1
Nitzschia seviata (?} <1 <i <1 <1 2 2 30 1 =1 1
Bellevochea malieus <1 <1 <1 <1 2 1 <] 1 <1 1
Thalassiosira spp. <1 =<1 =<1 1 19 =1 4 3 <1 1
Average number
total diatoms per ml 10,094 26,266 12,312 9,383 3,846 4,506 5308 4,483 12,400 8,374
—
Table 15. RT Stations: Percentages of Selected Diatom Species in Surface and Bottom Samples, 1964
JAN, FEB, MAR. APR, MAY JUNE JULY AUG, SEPT, OCT,
Skeletonema costatum 85 96 99 38 21 25 24 80 5 92
Chaeloceros BPD- 1 =<1 <1 47 20 34 1] <1 . <1 =1
Rhizosolenia spp- 2 «1 <1 <l 3 11 44 =<1 i} <1
Leptocylindrus spp. <1 <1 <1 <1 42 1 <1 <l <1 <1
Asterionella jeponica 2 3 <1 <1 b ] 4 <1 [ 10 <1
Nitzschia closterium (7?) <1 <1 <1 2 1 2 2 <l 1 <1
Nitzschia seriato (?) <1 <1 <1 <1 4 2 5 =1 1 <1
Bellerochea matleus 0 <1 =<1 3 1 4 3 2 <1 =1
Thalassiosira spp. <1 =1 <1 =1 1 2 <1 2 <1 <1
Average number
total diatoms per ml oue ams R 1es8 sy B0 Lamn a3 B9 17,017
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OCCURRENCE OF VITAMIN B,
ALONG THE GULF COAST OF FLORIDA

VIOLET N. STEWART, HAROLD WAHLQUIST, AND RICHARD BURKET

INTRODUCTION

Gymrnodinium breve Davis, the Florida Red
Tide organism, requires vitaminB, for growth
(Hutner and Provasoli, 1955 and 19624; Raymont,
1963). Because of recurrent Red Tides along
the southwest coast of ¥Florida, sampling sta-
tions were established at key points from Tampa
Bay south to Cape Romano. Water for bioassay
of vitamin B; concentration and ulilizable ana-
logues was collected at RT Stations numbered
1 through 6, 8 and 9. A description of each sta-
tion is provided elsewhere in this volume. (See
Introduction).

Sampling for Bj; began in April 1964, and
continued until Octcber 1964. Originally the
schedule was planned for a full year but an out-
break of Red Tide in north Florida, and full
scale atiention to analyses concerning it, forced
the cancellation of the last four months.

During the winter of 1965 these RT Stations
were visited again (one time each). Approxi-
mately one year after the RT sampling program
was begun, three rivers, the Manatee, Myakka
and Caloosahatchee, were sampled for vitamin
B, content. The rivers originate in central
Florida and empty into the Gulf of Mexico be-
tween Tampa Bay and San Carlos Bay to the
south. The descriptions of these river stations
are presented in this treatise (Donnelly ef al.).
Although none of the RT Stations sampled were
in the direct outflow of these rivers, they would
all presumably be affected by the resultant cur-
rents and mixing of river waters with salt water.

MATERIALS AND METHODS
Glassware,

All glassware and equipment used in micro-
biological assay procedures were carefully
cleaned to prevent possible vitamin B, con-
tamination. Glassware was soaked in detergent,
rinsed in running water and in deionized water.
After air drying, it was baked for three hours
in 300°C oven, Pipettes were soaked in deter-
gent overnight, rinsed in tap water in an auto-
matic pipette washer, soaked in concentrated
sulfuric acid, washed at least one hour in tap
water, and finally rinsed in deionized water.
The dry pipettes were baked with other glass-
ware.

Collection of Samples.

All samples to be assayed were collected in

sterile polypropylene bottles. Only surface

samples weretaken because they were collected
in shallow areas, usually less then four feet in
depth.

Samples were taken in duplicate and

frozen immediately with dry ice. At the labor-
atory, the frozen samples were transferred to
the freezer and stored at -20°C,

Assay methods involved the use of a fresh
water organism, Fuglena gracilis strain z, and
a marine diatom, Cyclotella nana, Samples
were diluted so that the B, values would fall
within the standard curve, but no concentration,
extraction, or filtration techniques were used.
The aliquots to be assayed utilizing C. nana
were diluted with charcoal-treated sea water,
The aliquots to be assayed with Fuglena were
diluted with glass distilled water. With the rou-
tine dilutions, there was no apparent growth
inhibition of Euglena due to salinity. Sweeny
(1954} noted that the increase in salinity caused
by the addition of 10% seawater to the bioassay
medium had no appreciable effect on Eyglena.
Hutner etal. (1956), recommended that sea
water be diluted 10-fold or more to reduce the
osmotic pressure when assaying with Fuglena,
The dilutions used in our assays were within
these recommended limits, )

Bioassay Procedure Utilizing Cyclofella nana
Hustedt,

The marine diatom Cyclotella nana Hustedt,
clone 3H, was used to delermine true B, in the
sea water sample. Guillard and Cassie (1963)
reported that the B, requirement for this or-
ganism was absolute and not simply stimulatory.

The method was based on work of Guillard
and Ryther (1962). Stock cultures were main-
tained on medium I at 21°C under continuous
fluorescent illumination. For assay, the med-
ium was prepared without vitamin Bj,, using
aged seawater which had been charcoal-treated
to adsorb the vitamins (Ryther and Guillard,
1962). Five aliguots of sea water sample were
each diluted with charcoal-treated sea water
(1 ml of sample diluted to 5 ml), Each diluted.
aliquot was assayed inthree additionaldilutions,
making a total of 15 sample flasks for each sea
water sample. A series of standards ranging
from 0.5 to 2.5 ppg B ,/ml was prepared in
triplicate, An inoculated blank without added
B); was included to determine the growth re-
sponse at the zero point. An uninoculated blank
served as an indicator of contamination,

The inoculum for the assay was depleted in
medium f minus vitamin B, for 5 to 7 days.
The vitamin depleted cells were suspended in
sterile vitamin-free medium and approximately
10,000 cells were inoculated into assay flasks
containing 10 ml of standard or sample dilution
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(as described above). All cultures were
incubated at 21°C for 8 or 9 days under contin-
uous finorescent illumination, After incubation,
Lugol's iodine was added to each flask to term-
inate growth. Cell counts were made in an AQ
Spencer Bright-Line hemacytometer. The
growth responses of the standards were used to
construct a linear curve, Sample dilutions were
compared withthe standard curve, adjusted with
the appropriate dilution factor, and the mean
value determined from each series of assay
flasks, For additional details, refer to Stewart
(19664a).

Bio-assay Procedure Utilizing Euglenagracilis,

Euglena grvacilis, strain z, a fresh water
flagellate, has a broader specificity than C.
nana, responding to cyanocobalamin, Factor A
and pseudovitamin B, (Hutner et al., 1956),

Stock cultures were maintained on B, Fu-
glena assay medium (Baltimore Biological Lab-
oratory, Inc., Cat. No. 01-610) as described by
Hutner ef al, (1956). For assay purposes the
medium was prepared without vitamin B,.

Ten aliquots of the sea water to be assayed
were diluted with glass distilled water (I ml of
sample diluted to 5 ml). Three additional dilu-~
tions were made with each aliquot and each di-
lution was assayed in triplicate. Thus, 90 dilu-
tions were prepared for each sample.

A standard series ranging from 0.5 te 2.5 pug
B),/m! was prepared in triplicate. An inocu-
la.]fed blank without added B, was included as
the experimental blank in the subseguent tur-

bidity measurement. An uninoculated blank was
also used as an indicator of contamination.

Inoculum for the assay was from 4-10 day
old stock cultures. The cells were washed three
times in sterile B);-free medium to reduce
carryover of vitamin B, and to remove the in-
hibitory factor present in aged Euglena cultures,
as reported by Kristensen (1955). Washed cells
were resuspended in sterile By,-free medium,
and approximately 100,000 cells were dispensed
into each assay tube, The cultures were incu-
bated at 21°C under continuous fluorescent
illumination for 6-8 days. During incubation,
the tubes were shaken daily to prevent clumping
of cells,

Using the pooled inoculated blanks asthe zero
point, the optical density of each standard and
sample dilution was determined with a Beckman
DU spectrophotometer at 570 mp, Growth re-
sponse of the standard series was used to con-
struct a linear curve. Sample dilutions were
compared with the standard curve and adjusted
with the appropriate dilution factor. The mean
value of 90 dilutions per sample was recorded

s ppg B{,/mL  For additional details, refer to
Stewart (11966b). .

RESULTS AND DISCUSSION
With the vitamin Bj; assay methods des-
cribed, we have determined the mean values of
numerous replicates, These data serve as indi-
cators of vitamin B, activity, they are not ab-
solute units (Stewart et al., 1966),
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was
day
wree
luce
in- Table 1. Vitamin B, Data from April to October 1964,
res,
ells
AR, Station and ppg By, /ml By, /ml
12 i3 m Salinity
ised Sample No. 1964 Date C. nang Pm e o °C
wcu-
cont RT 1  51* 27 April .8 65.6 28.3 27.0
en 62 25 May 35.2 21.5 27.8 27.2
101, 13 22 June 221 350 29.0 30.6
ping 84 27 July 21.0 25.0 29.8 27.4
93 24 August 23.8 29.7 28.1 3L
tero RT 2 50 27 April 15.3 15.1 33.0 26.0
and 61 25 May 21.8 19.2 33.3 27.3
¢ 2 22 June 16.7 17.1 35.0 30.9
man 82 24 August 24.8 15.4 34.6 310
re- 105 28 September 12.8 31.8 31.9 27.2
on- RT3 49 20 April 41.1 62.3 33.0 26.8
rore 60 18 May 50,2 61,3 35.4 29.3
cled 71 15 June 55.9 55.4 35.4 31.4
) 82 20 July 20,5 453 35.9 30.5
1Lan 9 17 August 38.4 85.8 35.4 312
rded 115 19 October 41.3 32.4 34.9 24,2
T to RT 4 48 20 April 1.8 24.0 34.2 25.0
59 18 May 7.2 18.9 34.5 26.6
70 15 June 13.1 18.1 34.4 29.9
81 20 July 8.3 11.5 35.9 30.0
103 21 September 18.7 10.4 35.2 27.2
les-
. RT 5 47 13 April 0.0 5.2 33.8 24.0
5 e 58 11 May 4.1 6.3 35.2 37.1
nd 69 8 June 3.0 22.2 25.4 28.9
ab- B0 13 July 14.0 19.2 36.4 51.2
100 3 September 11.6 10.6 35.4 29.5
113 12 October 22.2 22.8 33.8 24,1
RT 6 46 13 April 0.0 - 31.7 24.6
57 11 May 4.3 1.8 35.0 27.3
68 § June 3.0 21.% 34,5 29,3
79 13 July 13.5 17.6 34.9 3L5
101 14 September 18,9 28,5 28.1 21.8
RT B 55 5 May 8.3 8.5 34,4 24,9
86 2 June 19.2 28.9 35.7 29.4
71 7 July 24.8 23.9 35.1 29.9
o7 1 September 23,5 12.2 32.3 31.4
RT 9 54 5 May 9.4 8.1 35.0 25.9
65 2 June 13.3 15.7 35.4 28.5
% 7 July 18,8 20,8 33.6 30.1
87 4 August 12.2 23.2 34.4 30,0
108 § October 23.4 30.1 33.9 26,5

*Surface samples, taken over 4 to 4 foot depths.

Table 2. Vitamin B, Data, Winter 1965.

Station and ppg Biz /mk ppg Brz/ml Salinity

Sample No. 1965 Date C. nana Euglena % *C

RT 1 120* 2% January 15,8 16.8 > 14,5
2 121 29 January 13.7 15,1 b 11,9
3 123 4 February 33.6 41,4 - 18.5
4 122 4 February 14,0 13.8 hid 16.4
5 127 2 April 11,6 18.6 33.32 22.0
s 124 17 Febroary 8.6 11.4 Lo 22,2
8 125 17 February 21.3 28.0 b 23.8
9 126 17 February 14.6 17.2 * 23.3

«guriace samples, taken over 2 to 4 foot depths.
»*galinity not available,
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Figure 1.
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The RT data for May, June, July, and August
1964 (Table 1, Figure 1) are similar to the data
curves for the winter months of 1965 (Table 2,
Figure 1}, perhaps indicating a certain con-
stancy in the distribution of B, with only local
variations or patchiness. The quiet embayment,

rich in organic matter at RT 3 (Lido Key) had
greater B, activity than the other stations at
any given time, In general, the stations did not
vary more than 10 or 15 pug Bp/ml over the
entire sampling period, but an occasional very
high or low reading was determined,

Table 3.  Vitamin B, in Central Flerida Rivers, 1965,
Sample Water PHE Bya /ml  ppg By /ml St;fﬂilm
No.* 1865 Date C pH C. nana E. gracilis Time Direction
MANATEE RIVER
SF 1-1 14 April 22,1 5.0 7.2 0.5 0845
SF 2-16 21 April 24.0 4.5 9.1 26,9 1025
SF 1-15 21 April 22.5 5.0 2.4 11.9 0930
MYAKKA RIVER
SF 4-2 14 April 24.0 5.5 15.5 25.6 lolo
SF 3-13 14 April 28.5 5.5 21.4 31.4 1820
SF 4-44 - 12 May 26.5 5.5 20.4 25.7 1150
SF 24-43 12 May 31,5 5.0 25,0 42.8 1030
CALOOSAHATCHEE RIVER
SF 18-27 28 April 29,0 6.2 18.5 24.7 1315
SF 18-26 2B April 29,0 5.5 18.6 20.6 1235
8F 17-25 28 April 29,3 8.2 19.6 12.0 1215
SF 15-24 28 April 28.5 6.4 21.3 15,2 1150

*Surface samples

Data from the central Florida river studies
are listed in Table 3. The Manatee River was
sampled at two stations on the same day. Vita-
min By, values were highest upstream. The
Myakka River was sampled at two siations on
two occasions. Vitamin B, was less abundant
upstream than nearer the mouth of this river,
The Caloosahatchee was sampled at four sta-
tions in one day. Vitamin values with Cyclotella
nana were quite consistent at all stations (18.5-
21.3 ppg/ml). Fuglena determinations varied,
and appeared to decrease as the waters pro-
gressed downstream,

Though this sampling was limited, there was
no apparent consistency in the B 12 contributions
of these rivers to the Gulf. Data of Vishniac
and Riley (1961) suggested that cobalamin may

not be derived from land drainage. In general,
the B, values of the previous yearin neighbor-
ing RT Stations were lower than the river
samples.

Studies by other workers on the requirements
of organisms have suggested the By, needs may
vary under given conditions, Daisley (1957)
proposed that ", ..in a natural environment a
concentration of vitamin B, sufficient to sup-
port considerable cell division may neverthe-
less be a limiting concentration, if the rate of
cell division as supported is only sufficient to
compensate for the losses of cells due to other
factors," It seems, however, that the supply of
vitamin By, encountered in the sampling pro-

- gram was in excess for even a large bloom of

G. breve, Guillard and Cassie (1963) suggested
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that B;; concentration is important at given
times in the life eycle of certain diatoms. Thus
the time at which the vitamin is present in suit-
able concentration may be more significant than
the total quantity present. Again it appears that,
except for the April collections from RT 5 and
6 (0.0 ppg Bjp/ml), all the stations sampled
contained abundant supplies of vitamin B,, for
most of the organisms in the habitat,

It has been noted (Droop ef al., '1959) that,
". . .Bj; analogues are likely to have ecological
importance equal to that of the vitamin proper.”
In general, the B, activity of Euglena was
equivalent to or greater than the C. nana B,
activity. In only one instance, RT 8-97, did the
value for C, nana assay exceed the Euglena
value by more than 10 pypg. This deviation may
have been dueto errors inherent in the methods
and technique. Such variants are usually im-
possible to trace,

Droop (1957) calculated that it would require
less than 0.1 ppg/ml of vitamin B;, to achieve
a crop of 25,000 cells/ml of Skeletonema cos-
tatum, this number being of bloom proportions,
Considering the relative sizes of the species, he
concluded that the Florida Red Tide organism,
Gymnodinium breve, would require at the most
3 ppg of vitamin B ,/ml for a bloom population
of 60,000 cells/ml, Steidinger (1964) mentioned
a G. breve count in a Florida Red Tide bloom of
75,000,000 cells/liter (75,000 cells/ml), Con-
sidering Droop's calculations, vitamin B, was
apparently in sufficient quantity during our
sampling period to support a bloom at almost
any time, other conditions being favorable.

LITERATURE CITED
DAISLEY, K. W,
1957,  Vitamin B)» in marine ecology. Na-
ture, 180 (4594): 1042-1043.
DROOP, M. R.
1957, Vitamin Bjo in marine ecology. Na-
ture, 180 (4594): 1041-1042,
DROOP, M. R., J. J. A, McLAUGHLIN, I J,
PINTNER, and L. PROVASOLI
1959, Specificity of some protophytes to-
ward vitamin B, -like compounds.
Internat, Oceanog. Prep, 1959: 916-
918.
GUILLARD, R. R, L, and J, H. RYTHER
1962, Studies of marine planktonic dia-
toms. I. Cyclotella nana Hustedt,
and Detorula confervacea {(Cleve)
Gran. Can. J, Microbiol., 8: 229-239,
GUILLARD, R, R. L, and V., CASSIE
1963, Minimum cyanocobalamin reguire-
ments of some marine centric dia-
toms, Limnol, Oceanog., 8(2): 161-
165.
HUTNER, 8. H. and C. A, BJERKNES
1948, Volatile preservatives for culture

media, Proc. Soc. Exp. Biol., 67:
393-397.
HUTNER, S, H. and L. PROVASOLI

1955, Comparative biochemistry of flag-
ellates, p, 17-43. In 8. H. Hutner-and
A. Lwoff, (ed.), Biochemistry and
Physiology of Protozoa, Vol, 2, Aca-
demic Press, N, Y.

HUTNER, 8. H.,, M, K. BACH, and G. I, M, ROSS8

1956. A sugar-containing basal medium
for vitamin Bj;-assay with Euglena;
application to body fluids. J, Protfo-
zool., 3(3): 101-112,

HUTNER, §. H. and L. PROVASOLI

1964, Nutrition of algae. Ann, Rev. Plant

Physiol., 15: 37-45,
KRISTENSEN, H, P,

1955, Investigations into the Euglena gra-
cilis method for quantitative assay
of vitamin B,,. Acta Physiol.Scand.,
33: 232-237.

RAYMONT, J. E, G.

1963, Factors affecting primary produc-
tion III Organic micro-nutrients and
inhibitors, p. 229-238. In Plankton
and Productivity in the Oceans, The
MacMillan Co,, New York.

RYTHER, J. H. and R. R. L. GUILLARD

1962, Studies of marine planktonic dia-
toms, II, Use of Cycloiella nana
Hustedt for assays of vitamin By, in
sea water. Can. J. Microbiol,, 8:
437-445,

STEIDINGER, K, A, .

1864. Gymnodinium breve Davis, Fla. Bd..
Conserv, Leaf, Ser., I(1): 1-2.

STEWART, V. N,

1966a, Microbiological assay of vitamin B,
with Cyclotella nana. Fla. Bd. Con-
serv,, Leal, Ser,, 6(4)1: 1-4.

STEWART, V. N,

1966b, Microbiological assay of vitamin By,
with Euglena gracilis. strain z, Fla.
Bd. Conserv., Leal. Ser., 6(4)2: 1-4,

STEWART, V. N., H. WAHLQUIST, R. BURKET,
and C, WAHLQUIST

19686, Observations of vitamin By, distri-
bution in Apalachee Bay, Florida.
In Observations of an Unusual Red
Tide, Fla. Bd. Conserv., Prof. Pap.
Ser. No, 8: 34-38.

SWEENEY, B, M,

1954, Gymnodinium splendens, a marine
dinoflagellate requiring vitaminB,,.
Am, J. Bot., 41: 821- 824,

VISHNIAC, H. S. and G, A. RILEY

1961, Cobalamin and thiamine in Long
Island Sound: patterns of distribu-
tion and ecological significance.
Limnol. Oceanog., 6(1): 36-41,

OF

The
coast
to est
statim
for bi
analys
esgeni
compc
Carbo
the c
ganic
nutrit
they 1
and al

In
relate
salini
tober

Wa
static
were
ethyl

A
color
(1955
of ca
of a
of th
cool,
then
specl
tratic
comg
grap
term
were

liter

In
are
the .
wer¢
ming
trati
RT-
of e
prec
thei:
anal

mon
rela



i

15

g
-

CONCENTRATION OF CARBOHYDRAPES
OF THE COASTAL WATERS OF WEST FLORIDA

PATRICIA V, DONNELLY AND MARY A, BURKLEW

INTRODUCTION
The recurrence of Red Tide along the west

coast of Florida from Marco to Tampa Bay led -

to establishment of regular inshore sampling
stations in this area. Samples were collected
for biological and chemical observations and
analyses, These data would perhaps provide
essential background information on the water
composition in event of a Red Tide outbreak,
Carbohydrate concentrations were included in
the chemical determinations since these or-
ganic compounds are directly important in the
nutrition of some microorganisms and because
they may serve as an indicator of land runoff
and algal blooms.

In this paper an attempt was made to cor-
relate the concentration of carbohydrates with
salinity during the period of May 1964 to Qc-
tober 1964,

MATERIALS AND METHODS

Water samples were collected at assigned
stations, (Figure 1) usually at mid-depth, and
were frozen immediately by placing the poly-
ethylene sample containers in dry ice.

A modified procedure, based on the anthrone
colorimetric assay of Lewis and Rakestraw
(1955), was used to estimate the concentration
of carbohydrate-like substances. After 20 ml
of a 0.1% anthrone reagent was added to 10 ml
of the test sample, the sample was allowed to
cool, and the optical density of an aliquot was
then determined at 630 mp with a Beckman DU
spectrophotometer. To determine the concen-
tration, the optical density of the sample was
compared to a glucose standard curve nomo-
graph, The control blank was based on prede-
termined salinities of each sample. The results
were reported as glucose equivalents in mg/-
liter, + 0.21,

RESULTS AND DISCUSSION

In Table 1, chemical and hydrographic data
are cited in {abular form for each sample from
the RT Stations. Temperature, tide, and depth
were field observations. Salinities were deter-
mined by Mohr titration. The lowest concen-
tration of carbohydrate was observed at Station
RT-5; the maximum at RT-2 (Table 2.) Mean
of each of the nine stations did not differ ap-
preciably. The small number of samples and
their narrow range precludes further statistical
analyses.

Figure 2 is a pgraphic illustration of the
moenthly fluctuation of the carbohydrate values
related to the salinity determinations. It should

be noted that the carbohydrate concentrations
appeared to be independent of the salinity values,
There was no apparent correlation of carbohy-
drate concentration to salinity or to tide stages
at these stations,

These data indicate that the concentration of
carbohydrates in coastal waters of west Florida
do not vary appreciably from that of offshore
water. Values of less than 1 mg/liter are us-
uzally demonstrable in sea water, but concentra-
tions exceeding 10 mg/liter have been quan-
titated in bloom waters (Collier, 1958), Although
in confined coastal waters higher values would
be expected because of the abundance of metab-
olism and land effluent, these demonstrated
carbohydrate levels resulted from high utiliza-
tion rates and tidal dilution. From this limited
data it may be concluded that at these coastal
stations high concentrations of carbohydrates
do not normally occur.
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Figure 2. Monthly fluctuations of carbohydrates and salinities at inshore

RT stations of southwest Florida.
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Table 1,
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Carbohydrate Values and Hydrographic Data from RT Statiors.

Station RT-1
Sample
(CHO),
Date
Temp,
Salinity
Tide
Depth

Station RT-2
Sample
(CHO)x
Date
Temp.

Salinity

Tide
Depth

Station RT-3
Sample
(CHO),
Date
Temp.
Salinity
Tide
Depth

Station RT-4
Sample
{CHO),

Date
Temp.
Salinity

Ticli
Station RT-%
Sample

(CHO),

Date
Temp.
Salinity
Tide
Depth

Station RT-6

Sample
(CHO)X

Date
Temp.
Salinity
Tide
Depth

Station RT-T
Sample
{CHO),

Date
Teimp,
Salinity
Tide
Depth

PINELLAS POINT

g2M 73M
0.56 1.39
5/25/64 6/22/64
29.3 30.9
Ebb Ebb
21/27 21/27
MULLET KEY
61M 72M
0.56 0.90
5/25/64 6/22/64
273 30.9
35.0 36.5
Ebb Ebb
21787 21727
LIDC KEY
60M 71M
1,98 1,23
5/18/64 6/15/64
28.5 31.4
38.4 38.3
Ebb Flood
21727 21/47
MIDNIGHT PASS
59M TO0M
1.66 0.50
5/18/64 6/15/64
26.6 29.9
37.8 38.2
Ebb Flood
21/27 2 1727
STUMP PASS
58M 69M
1.73 0.50
5/11/64 6/ 8/64
27.1 28.8
37.5 38,7
Flood Ebb
21/27 21/27
BOCA GRANDE
M 88M
1.89 0.47
5/11/64 8/ 8/64
27.1 20,1
37.7 38.3
Flood Flood
ry 4

SANIBEL ISLAND

56M 8™
1.45 0.50
5/ 5/64 8/ 2/64
25,5 29.4
3.8 38.8
Flood Flood
21727 2 1727

27742706 N
84M
.72

7/21/64
27.4
32.0
Ebb

21,27

27°38/35~N
83IM
0,83

T/27/64
25.4
36.4

Flood
z1/2/

2718708 N
82M
0.72

7/20/64
30.4
37.0
Ebb

3

277127227 N
8IM
0.23
7/20/64

36.8
Eth
31

28°53/57T~N
80M
1,32

7/13/64
31.2
36,8
Flood

2 1/27

26° 437527 N
T9M
1,45

T/13/64
L5
36,2

Fload
3/

26°27712#N
18M
0.64

T/ 1/64
1,5
377
Flood

21/27

§2°3873277W
93M 106M
1.04 0.51

8/24/64 9/28/64
30.8 27.3
22.9 26.9
Ebb Ebb

21,27 2/
B82°447307W
92M 105M
2,13 0.57

8/24/64 5/25/64
31.0 27.2
35.4 az2.1
Flood Ebb

21/2/ 21724
82°34/527W
g1M 104M
1.13 0.45

8/17/64 8/21/64
31.2 27.9
37.0 36.1
Ebb Flood

21727/ 21,727
82°30/387W
SOM 103M
0,87 0.30

8/17/64 9/21/64
30.8 27.2
36.7 38,8
Ebb Flood
37 21/27
82°20737T7”W
100M 102M
0.51 0.91

9/ 3/64 8/14/64
29.5 28.5
35.9 33.6
Ebb Ebb
3/ 37
82°15/357W
9oM 101M
0.51 0.89

9/ 3/64 9/14/64
30,1 2.7
34.5 20,1
Flood Ebb
4 37
82°027207W
89M 98M
1.20 0.47

B/ 4/64 9/ 1/64
32.0 33.4
35.8 34,5
Ebb Ebh

21727 21/27

115M
0.39-
10/19/64

36.5
Flood
3’

114M
0.78

10/18/64
23.0
35.0
Flood

3/

113M
0.13
10/12/84

4.1
35.4
Ebb

21727

112M
0.80

10/12 /64
24,3
30.5
Ebb

2172/

11IM
0.50

10/ 6/84
28.7
26.4
Flood

21/27
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Table 1, (Continued),
Station RT-8 BIG CARLOS PASS 26°247307 N 82°53/W
Sample 55M 86M ™ 8EM §TM 110M
{CHO), 1.85 0.73 0.96 1.45 0.87 0.50
Date 5/5,/64 8/ 2/84 1/ 1/64 8/ 4/64 p/ 1/64 10/ 6/64
Temp. 24.9 20,4 28.9 30.5 313 6.
Salinity 37.8 5.8 35,7 342 342 343
Tide Flood Flood Flood Ebb Ebb Flood
Depth 21727 21/2/ 2 1/2¢ 2 1727 Y, 21/27
Station RT-8 CAXAMBAS PASS 25°64/307N B1° 424w
Sample 54M 65M 76M M 26M 109M
(CHO), 1.66 0.82 0.64 1.38 0.47 0.63
Date 5/ 5/64 8/ 2/64 v/ /84 8/ 4/84 8/ 1/64 10/ 6/64
Temp. 5.8 28,5 30.1 20,5 30.5 26.5
Salinity 388 37.9 6.6 37.1 38.8 5.2
Tide Flood Ebb Flood Flood Ebb Ebb
Depth 21/27 7 1/27 21/27 21727 3/ 2¢

M — mid depth; salinity in ¥.; date-date of sample collection, carbohydrate values in mg/liter,
glucose equivalents.,

‘Table 2,

Concentrations* of Carbohydrates in RT Samples from

West Coast of Florida.

RT-1
RT-2
RT-3
RT-4
RT-§
RT-8
RT-17
RT-8

RT-9

Minltnum Maximum
0.51 1,38
0.56 2,13
6,39 1.98
0.23 1.66
0.13 1,73
0.47 1.89
0.47 1.45
0.50 1.85
0.32 1,66

*mg/liter, glucose equivalents.




AMINO ACIDS AND ORGANIC NITROGEN
CONTENT IN FLORIDA GUIL.F COAST WATERS
AND IN ARTIFICIAL CULTURES
OF MARINE ALGAE

PATRICIA V., DONNELLY, M. .- BURKLEW, AND ROSE A. OVERSTREET

INTRODUCTION -

Nitrogen is a primary limiting factor in the -

sea for the production of plankton populations
{Cooper, 1933; Harvey, 1966). The availability
and concentration of the numerous organic and
inorganic nitrogenous substances determine the
fertility of water masses. The majority of the
organic nitrogenous compounds are breakdown
products of marine bacterial enzymatic pro-
cesses on plant and animal proteinaceous ma-
terials (Waksman and Carey, 1835). The com-
plete decomposition of these materials results
in the formation of ammonia, nitrate, and ni-
trite. Phytoplankton utilize inorganic sources
of nitrogen but certain of these microorganisms
can use simple organic nitrogen substances
{Nishizawa and Riley, 1962; Parsons and Strick-
land, 1962; Baylor and Sutcliffe, 1963; and
Wilson, 1965},

Amino acids, amino-nitrogen, are of special
interest as constituents in sea water because of:
1) their nutritional enhancement to organisms
(Lucas, 1947; Saunders, 1957; Provasoli, 1663;
and Wilson, 1965; 2) their role inCO,, transfer,
utilization, and deposition (Neuberg ef al., 1957;
and Smith ef al., 1960); and 3)their further pos-
sible chemical activity in chelation of ions
(Lucas, 1947; Neuberg and Mandl, 1948; Saun-
ders, 1957; and Hood, 1963). The more subtle
biological effecis of chelation by amino acids
should not be underestimated in the complex
interactions between an organism and its en-
vironment, Chelation not only maintains trace
metals in available forms, but may also render
more favorable the ratios of the major ions.
Because of these apparent importances, char-
acterization of the amino acids in sea water is
being made (Jeffrey and Hood, 1958; Park et al.,
1962, 1963, Tatsumoto et al., 1961; Palmork,
1963; and Siegel and Degens, 1966).

This study was undertaken to obtain more
precise descriptions of the gualitative and guan-
titative distribution of amino acids and organic
nitrogen levels in the eastern Gulf of Mexico,
These data are prerequisite for an extensive
interpretation of the relationship of organic
chemical, environmental factors to the phe-
nomena of Red Tide, Also, since the aquatic
communities determine the nitrogenous ma-
terial present, a study of individuals comprising
these communities should enhance our evalu-

ations, Therefore, similar analyses were made
of marine algal cultures grown in artificial
culture media.

MATERIALS AND METHODS
AMINO ACIDS

Twenty gallons of surface water were col-
lected from each station. Approximately 0.1 g
of mercuric chloride, a metabolic inhibitor, was
added to each 5 gallons of water, The water was
then filtered, usually within four hours after
collection, through Millipore filters (2 micro-
fiber glass prefilters, one 0.45 p and one 0.22 p
membrane filter) using a positive pregsure of
20 psi. To each 5 gallon filtrate was added 50-
60 ml of 2M ferric chloride and 100 m] of 4N
sodium hydroxide. The precipitate was allowed
to settle and the water decanted. The ion ex-
change chromatographic procedure ol Tatsu-
moto et al. (1961) was used for the desalting of
the dissolved hydrolyzed precipitates, The
eluate amino acids were separated by two-
dimensional chromotography. The solvents used
were phenol:water (80:20) and butanol:acetic
acid:water (240:60:;250)., The resolved amino
acids were identified by ninhydrine reaction.
Except for a reduction in the sample volume the
artificial culture media were analyzed in a
similar manner.

ORGANIC NITROGEN

A modified procedure of Strickland and Par-
sons analysis (1965) was used for the determi-
nation of organic nitrogen in sea water, Water
samples were collected in clean 500 ml poly-
ethylene bottles with snug-fitting caps and were
chilled. Filtration of the sample through a 0.45
p Millipore filter was usually carried out im-
mediately or within a few hours. The samples
were then frozen.

Analysis was performed in an isolated room
free from ammonia contamination. Reagents,
blanks, and controls were prepared with freshly
deionized water. All glassware was rinsed
thoroughly in deionized water immediately be-
fore use. Samples were thawed and brought to
room temperature before hydrolysis.

A Xjeldahl digestion procedure was em-
ployed to convert organic nitrogen to the am-
monium ion. Duplicate 50 ml sample aliquots
were digested, Each resultant residue was
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then diluted to a 50 ml volume with deionized
water,

The ammoniacal concentration was deter-
mined colorimetrically by diazotizationof NO, ™,
Following the acid hydrolysis, the sample was
reacted with alkaline hypochlorite, converting
the ammonium ion to nitrite. A coupling of the
NO,™ with sulfanilamide in an acid medium
preceded the diazotization with N-1-napthylethy-
lenediamine dihydrochloride. The characteris-
tic pink to deep rose color was'developed, The
optical density was determined with a DU spec-
trophotometer at 540 mp, A deionized water
blank, a 3,0 pg-at N/liter control, and a digested
water blank were analyzed with each group of
samples, Results were reported inpg-at N/liter,

CARBOHYDRATES
Carbohydrate concentrations weredetermined

" by the procedure of Lewis and Rakestraw (1955),

SALINITY AND pH
Salinity and hydrogen ionconcentrations were
determined by the procedures of Strickland and
Parsons (1965).

CULTIVATION OF MARINE ALGAE

The culture media from two species of ma-
rine algae, Chlovella sp. (Erickson, 1964} and
Skeletonema sp., were analyzed, These micro-
organisms were isolated and cultured by the
Florida Board of Conservation Marine Labora-
tory. The cells were removed from the medium
before analysis.

RESULTS AND DISCUSSION

The geographic locations (Figure 1} and hy-
drologic data for each of the samples analyzed
for amino acids are listed in Tables 1 and 3.
With the exception of HC3-8R1, which was taken
from the Suwannee River, all samples were
taken from estuarine or neritic water masses,

The CK and HC samples (Table 2) were ob-
tained from areas associated with a bloom of
the Red Tide dinoflagellate, Gymnodinium breve,
Sample CK 7-8 was taken during a bloom of
G. breve and the demonstrated organic nitrogen
and carbohydrate values were exceptionally
high., Aspartic and glutamic acids were the
major amino acids identified. In sample CK 20,
which also contained the Red Tide microorgan-
ism, an unidentified amino acid-like substance
was revealed in heavy concentration. High
amounts of leucine and isoleucine were also
resolved from this sample., A comparison of
the amino acid distributionof these two samples
(CK 7-8 and CK 20) with samples HC3-8, HC3-
20, HC11i-42, and HCI11-36, which contained no
demonstrable G. breve, revealed that only CK
20 exhibited a significant variation {(a lower
aspartic and glutamic acid content and the un-
identified ninhydrin reacting substance). The
Suwannee - River sample had an amino acid

distribution similar to that of the sea water
samples. The demonstrated organic nitrogen
and carbohydrate concentrations of all samples
differed only slightly with the exception of CK
7-8, which was taken from bloom waters, As-
partie acid, glutamic acid, leucine, and isoleu-
cine were found in greatest distribution and
concentration,

The RT samples were taken from the south-
west estuarine coastal waters of Florida in
which Red Tides have occurred (Table 4), There
was no G. breve bloom during our sampling.
Aspartic acid, glutamic acid, leucine, and phe-
nylalanine were demonstrated in all samples.
Threonine, proline, methionine, histidine, and
cysteine were not detected in these samples,
The organic nitrogen levels (Table 5) at these
stations were higher than the accepted 1 to 20
pg-at N/liter for sea water. Higher nitrogen
levels can usually be demonstrated in coastal
waters because of the land effluent and higher
productivity.

Three separate cultures of Chlorella sp, and
one culture of Skeletonema sp. were analyzed
for biochemical constituents (Table 6). The
organic nitrogen content of the Chlorella media
differed substantially bul the carbohydrate con-
centrations of these three cultures varied only
slightly., The Skeletonema sp. carbohydrate
was almost twice the amount of the Chiovella
cultures. A comparison of the amino acids in-
dicated that aspartic and glutamic acid were
present inall cultures and usually at high levels.
Leucine, phenylalenine, and serine were also
found in each culture, Histidine wasnotdetected
in any of the cultures. This observation is con-
sistent with Fowden (1851) who found histidine
helow the detection levels in algal cultures,
Chlovella cultures 215 and 219 were very sim-
ilar in amino acid content and the Skeleionema
amino acids varied only slightly from these, It
is believed that the low organic nitrogen dem-
onstrated for Chlovella culture 233 affected the
detection limit of some of the amino acids in
this culiure medium, resulting in the greater
qualitative variation. The demonstrated amino
acid composition of these media denotes conly a
possible distribution since under other culiural
conditions the protein composition and liberated
substances of a single species may differ more
than the differences between species.

A summary of the amino acids resolved, or-
ganic nitrogen and carbohydrate means in all
samples is given in Table 7. Cysteine and his-
tidine were too low in concentration for detec-
tion in any of the samples. Alanine, aspartic
acid, glutamic acid, leucine, and phenylalanine
were found in the majority of samples, usually
in relatively high concentrations. These f{ind-
ings are in agreement with Tatsumoto et al.,
(1961), The other amino acids varied in con-
centration and distribution. Even though the
organic nitrogen in sea water is exiguous, it
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should be expected that a definitive study would
reveal most, if not all, of the known amino
acids in water samples. Tatsumoto (1961) be-
lieves that there is a real variation in amino
acid composition of sea water, We have found a
wide diversily in amino acid composition in our
samples but we believe that these wvariations
are more quantitative than qualitative, The
amino acids are present but are too low in con-
centration for us to detect them.
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Table 1.  Hydrological and Chemical Data from CK and HC Amino Acids Stations

Location Temperature Salinity
Long. Lat, Date °C

CK7-8 84°10’W  29°10/N 7/31/64 32.0 33.6
CK-20 84°18'W  20°04’N 8/ 8/64 27.6 33.4
HC3-8 84°00*W  29°BG/N 11/ 6/64 20.5 az.2
HC3-20 83°30/W  28°15/N 11/10/64 21,2 32.8
HC3-5R1 Suwannee River 11/10/64 19.5 *

HC11-36 84°19/W  20°04’N 2/ 8/85 16.8 34,5
HC11-42 83°30/wW  29°15/N 2/ /65 14.5 3LT

*Fresh water sample.

3
i Table 2, Amino Acids Demonstrated In Samples from CK and HC Stations,
i . Stations CK7-8 CK-20¢ HC3-8 HC3-20 HC3-58R1 HC11-36 HC1l-42
"l Date 7/31/64 &/ 8/64 11/ 6/64 11/10/64 11/10/64 2/ B/85 2/ /85
3
B Alanine + % + % + + * Station
Avginine - S - + + £ - Date
':- Aspartic Acid 4+ + it + it ++ ++
4 Alanine
[ Cysteine - - - - - - - i
i Arginin
Cystine - - - - : + - H .
Asgparti
Glutamic Acid et + + - ++ ++ Eees A
Cysteir
Glycine + + - E] + E3 + .
. Cystint
Histidine - - - - - - -
Glutam
Isoleucine * + -+ + + - - ]
Glycine
Leucine
u + ++ ++ + + + + Histidi
Lysine * Y - * + H -
. Isoleuc
Methionine - - x - - - -
Leucin
Phenylalanine + E - - + + +
Lysine
] Proline - - - % - - - Methio
. Serine H + - ++ + - -
' Phenyl
3 Threonine - - - + - - -
§ Prolin'
k in - - - - - - -
i Tyroséine Serine
B Valine - - 3 - - - "
B Threo!
) Other - e - - - - - Tyros!
QOrganic nitrogen B70 22 30 102 8 91 42 valine
Carbohydrate 5.2 0.99 0.30 0.38 0,23 0.61 0.88 Organi
G. breve count Bloom <50,000 0 RS 0 0 0 Carbo!
* One unidentified amino acid—Rf {phenol): 80; R (butanol): 70, G. bre
- : not detected; +: trace; + to +++ : gradation of ninhydrin {ntensity, N
Organic nitrogen in pg-at N/liter. Carbohydrate reported in mg/liter.
NS: no sample. - Not
Organ
Carbe

* Nod
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Table 3. Hydrological and Chemical Data from RT Amino Acids Stations
Location Temperature Balinity
Long. Lat, Date °c L
RT1-93 82°387324W 27° 427057 N 8/24/64 31,2 22.9
Pinellas Point
RTZ2-92 82° 447307W  27°3B735”N B/24/54 31.0 35.3
Mullet Key
RT4-80 82°30738~#W 27" 12/22/N 8/17/64 30.8 36.7
Midnight Pass
RT5-100 §2°20/377W 26° 53/5T# N 9/ 3/64 28.5 35.9
Stump Pass
RT5-102 82°20737//W  26°53/5T/N 8/14/64 28,5 33.8
Stump Pass
RT6-79 82°157357W  26°43/52/N 7/13/64 31.5 36.2
Boca Grande
RT6-99 B2°157357”W  26°43752/N 9/ 3/64 30.0 34,5
Boca Grande
RT6-101 82°157357W 26" 43/527N 0/14/64 27.8 29,1
Boca Grande
RT7-98 B2°02°20/7W  28°27/13~7N 9/ 1/64 33.5 34,5
Sanibel Island
RTS8-97 82°53/W 2624730~ N 9/ 1/84 1.4 34,2
San Carlos Pass
RT9-96 817 42/W 25° 5430’N 9/ 1/64 30.5 36.8
Caxambas Pass
RT11-4 82°287057W  27°H3/397N 8/12/64 * *
Ballast Peint
*No determination.
‘Table 4. Amino Acids Demonstrated in Samples from RT Stations, 1964,
Station RT1-83 RT2-92 RT4-80 RTS5-100 RT5-102 RTB-79 RT6-98 RTE-101 RT7-98 RTB-97 RTH-96 KT1i-4
Date 8/24/64 B8/24/64 8/17/64 9/ 3/64 9/14/64 7/13/64 9/ 3/64 9/14/84 B/ 1/8¢4 9/ 1764 8/ 1/64 8/12/64
Alanine + + + 3 + * + - & F + *
Arginine + - + - - + - - - - % -
Agpartic Actd +H + ++ ++4 ++ +++ e + % ++ ++ ++H
Cysteline - - - - - - - - - - - -
Cystine - - + - E - - - - + - -
Glutamic Acid + ++ ++ + ++H+ + + + ++ ++ ++ h
Glycine + - * + + + + - % s + E
Histidine - - - - - - - - - - - -
Isoleucine ++ - + - + + - - - - - -
Leucine +++ + + + + + + + + + + +
Lysine + - * - * + + * - + - +
Methionine - - - - - - - - - - - -
Phenylalanine + + + + + + + + + + + +
Proline - - - - - - - - - - - -
Serine % F + & * 4+ - - - FY FY *
‘Threonine - - - - - - - - - - - -
Tyrosine - - + - - - - - - - - -
Yaline F3 - + - Y + - - - * " -
Organie nitrogen 28 25 20 20 34 49 18 26 22 30 21 338
Carbohydrate 0.64 2.13 0.87 0.51 0,91 1.45 0.51 0.89 0,47 0.87 0.47 *
G. breve count ) 0 1] o 0 [}

-: Not detected;

+! trace; +-+++: gradation of ninhydrin lntensity.

Organic nitrogen reported in pg-at N/liter.
Carbohydrate reparted in me/liter.
* No determination.
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Table 5. Chemieal and Hydrologlcal Data from RT Stations.
Location Temperature  Salinity Organic
Station Long. Lat, Date Depth ° % PH Nitrogen
RT1-938 82°38/32/7w 27°42/057/ N 8/24/64 8 iL2 22.9 8.3 27.50
Pinellas Point
RT2-838 82°44730W 277387357 N 7/21/64 s 25.4 36.4 8.5 17.40
Mullet Key
RT2-928 " " 8/24/64 31.0 35.3 8.5 24,70
RT3-80S 8273475277 27°19/08” N 5/18/64 29.3 35.4 * 43.84
Lido Key
RT3.60M - " 5/18/64 A 28.5 35.8 * 17.80
RT3-828 B " 7/20/64 s 30.5 37.0 8.1 41.80
RT2-1048 " " 8/21/64 ] 27.9 35.3 8.3 19,43
RT3-104M " " 9/21/64 15/4' 27.9 35.0 8.4 9.43
RT4-585 82°30/387W 27°12722# N 5/18/64 s 26.6 34.5 * 36.60
Midnight Pass
RT4-50M " " 5/18/64 ItA 26.6 35,0 * 3512
RT4-818 " " 7/20/64 ) s 30.0 36.8 8.3 10.10
RT4-908 " " 8/17/64 30.8 36.7 8.3 19.48
RT5-69S 82°21/347W 26°53757# N 6/ 8/84 8 28.8 8.7 8.5 17.84
Stump Pass
RT5-1008 " " 9/ 3/64 28.5 35.9 8.1 12.638
RT5-1028 " " 9/14/64 28.5 336 8.4 34.24
RT6-685 82°15/357W 26°43/527 N 8/ 8/64 29.3 38.3 8.8 19.48
Boca Gramde
RT6-995 " " 9/ 3/64 s 30.0 34,5 8.t 15.74
RTS-1018 i " 9/14/64 8 27,8 29.1 8.3 26.40
RT7-898 B2°02,207W 26°27/12# N 8/ 4/64 8 31.5 35.8 8.7 18.35
Sanibel Island
RT7-988 " " 9/ 1/84 8 33.5 34,5 B.1 22,30
RT8-55M 82°53” w 267247307 N 5/ 5/64 1! 24.9 34,2 * 26.21
Big Carlos Pass
RTS-55B " " 5/ 5/64 2k’ 24.9 3.9 * 22.58
RT8-66S " " 8/ 2/64 5 25.4 38.8 8.5 36,52
RT8&-775 " " T/ /64 s 29.9 35.7 8.6 41.46
RTE8-38S " " 8/ 4/64 s 31.0 34,2 8.8 17.72
RT8-978 N " 8/ 1/64 3 31.4 342 8.4 30,24
RT9-658 81°42/W 25°54730-7 N 6/ 1/64 3 29,6 37.9 8.3 18,92
Caxambas Pass
RT9-765 " " T/ 7/64 ) 30.1 36.6 8.4 26.20
RT9-878 " " 8/ 4/64 ] 30.0 37.1 8.7 18.72
RT9-968 " " 9/ 1/64 8 30.5 36.8 83 21.36
RT10-755 82°36/387W 27750735~ 8/22/64 3 32.8 27.5 8.4 36,06
Weedon Point
RT10-868 " " 7/27/64 s 27.5 23.9 7.6 40.81
RT11-743 82°29/057W 27°53/39~N 8/22/64 ] 3.6 24,8 8.3 26,75

Ballast Point

*No dete rmination,

Organic nilrogea reported in pe-at N/liter.
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Table 6, Amino Acids Demonstrated in Artificial Cultures,

Culure Chlorella sp. Chiorella sp. Skeletonema sp. Chiorella sp,
Culture No. 215 219 220 223
Count/liter 24ax106 16x106 4x106 10x106
Alanine ++ 2 + -
Arginine EY - + -
Aspartic Acid [ 4 +++ ++
Cysteine - - - -
Cystine S + * -
Glutamic Acid ++ + 4 +
Glycine - + + +
Histidine - - - -
Isoleucine + + -+ -
Leucine + ++ ++ +
Lysine * % 3 -
Methionine - - - -
Phenylalanine + ++ ++ +
Proline - - - -
Serine ) S + S *
Threonine - - + -
Tyrosine - - % -
.Valine + + -+ -
Organic nitrogen 6290 480 * 48
Carbohydrate 3.5 6.4 112 5.5

-1 not detected; +: trace; +-+++ gradation of ninhydrin intensity.

Organic nitrogen reported in pg-at N/lter.

Carbohydrate reported in mg/liter,
* Not Determined,

Table 7.  Summaty of Occurrence Totals of Amino Acids, Mean Qrganic Niirogen,

and Mean Carbohydrate Concentrations.

CK-HC RT

AC
Total Samples 7 12 4
Alanine 7 11 3
Arginine 4 4 2
Aspartic Acid - 7 12 4
Cysteine ] L]
Cystine 2 3
Glutamic Acld ki 12 4
Glycine -] 10 3
Histidine 1} 0 o
Isoleuclae 5 4 3
Leucine ki 12 4
Lysine 5 3
Methionine 1 0 o
Phenylalanine 5 12 4
Proline 1 V] 0
Serine 4 ) 4
Threonine 1 ) 1
Tyrosine 0 1 1
Valine 2 8 3
Mean organic nitrogen 0.175 0.043 2.273
Mean carbohydrate 1.22 0.88 8.50

CK-HC: offshore stations; RT; inshore statlons; AC: artifieial culture media of marine algae,
Carbohydrate reported in mg/liter.
Organic nitrogen reported In pg-at N/liter.
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A CHEMICAL STUDY OF SOUTHWEST

FLORIDA RIVER WATER, 1965-1966

PATRICIA V. DONNELLY, ROSE A, OVERSTREET, MARY A, BURKLEW,
AND JAMES H, VUILLE

INTRODUCTION

The rivers of southwest Florida flow into a
region of the Gulf of Mexico frequented by out-
breaks of Red Tides. Since the productivity
within natural waters may be described by its
total dissolved elemental concentrations, this
river drainage will enrich and enhance the fer-
tility of these coastal estuarine water masses.
Chew (1953), Odum (1953), Lasker and Smith
{1954), and Feinstein (1956) have mentioned the
possibility of a causal relationship between Red
Tide outbreaks and river drainage. But Fein-
stein (1956) was unable to demonstrate a statis-
tically significant relationship between the
Peace River runoff and Red Tide outbreaks.
Further attempts to relate Red Tides to land
drainage and precipitation have not been made.

It is our belief that comprehensive studies of
the chemical makeup of the south Florida rivers
should he undertaken. These data would support
the studies on the marine waters of this area
and provide background for anadequate analysis
of the data obtained from them during a bloom
of the Red Tide dinoflagellate, Gymnodinium
breve, The results in this paper involved the
chemical analyses for the major elemental and
organic constituents of water samples collected
from south Florida rivers and their tributaries
from April 1965 through June 1966,

METHODS AND MATERIALS

Surface water samples were collected in pol-
yethylene bottles at assigned stations and were
kept cool during transport to the laboratory,
All analyses were carried out on unfiltered
water, except the organic nitrogen procedure.
The water used for organic nitrogen determi-
nations was filtered through a 0.45 p Millipore
filter and frozen until analyzed,

Tempevalure and pH, Water temperature
was determined to the nearest tenth °C with a
standard thermometer. The pH values of the
samples were estimated colorimetrically by
the employment of narrow range pH indicator
papers.

Salinity, Salinity values were determined by
Mohr titration {Vuille, 1966},

Iron, Particulate iron was determined by
the proceduresof Strickland and Parsons (1965).
The methods described by Sandell (1859) were
used to determine soluble iron, The results are
reported in pg Fe/lter.

Carbohydvate. The anthrone colorimetric
procedure of Lewis and Rakestraw (1955) was
used to estimate the concentration of carbo-
hydrate-like substances. The results are re-
ported in mg/liter glucose equivalents.

Organic nitrogen. 'The organic nitrogen con-
tent of water samples was determined by the
methods outlined by Strickland and Parsons
{1965), The results are reported in pg-at
N/liter.

Other Chemical Deteyminations. ‘The other
chemical analyses were performed by the pro-
cedures outlined by Hach Chemical Company
(Ames, Iowa) for use with their Direct Reading
Engineer's Laboratory, Model DR-EL. All of
these determinations are repcrted in ppm or
turbidimetric units,

SAMPLING STATIONS

Table 1 lists the sampling stations together
with their approximate locations., The original
experimental design was to take transect sam-
ples from each river for an overall assessment
of the water quality, Later in the study, one
station on each river was designated as repre-
sentative of the water flowing into the Guif.
These designated stations (1, 4, 7, 16, and 32)
were selected upstream from the mouths of the
rivers. Nevertheless in dry seasons there was
some salt water encroachment at two of these
stations (16 and 32), Figure 1 graphically il-
lustrates the location of all south Florida river
stations.

RESULTS AND DISCUSSION

The chemical results obtained from all river
water samples are listed in Tables 2 through
32. The results from the major stations (i, 4,
7,16, and 32) are graphically illustrated in Fig-
ures 2 through 17,

Temperatuve. All of the five major rivers
demonstrated a similar temperature fluctuation
pattern (Figure 2) with surface water temper-
atures droppmg in November from above 25°C
to less than 20° C, Warming of the waters began
in February. Yearly temperature variations in
south Florida rivers are not of a large mag-
nitude,

pH. The low pH values (4-6) found for the
south Florida rivers (Figure 3), except the
Caloosahatchee, probably may be attributed to
the organic matter present in the streams.
Most of the Florida rivers are heavily dis-
colored with humie substances.

Turbidity. Turbidimetric measurements
(Figure 4) of all samples were low, not exceed-
ing 100 Jackson Turbidity Units,

Chlovide and Salinily. The chloride content

(Figure 5} of the Manatee, Myakka and Peace
Rivers usually ranged from 10 to 30 ppm. Salt
water encroachment was demonstrable at the
selected station onthe Alafia and Caloosahatchee

i
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except during periods of preatly increased
drainage, The low chlorinity demonstrated in
the Caloosahatchee was directly due to the
opening of the locks from Lake Okeechobee at
Moore Haven,

Havdness, Calcium and magnesium (Fig-
ures 6 and T)in the Manatee and Myakka Rivers
rarely exceeded 50 ppm. There was a greater
variation in the Peace River content with values
greater than 100 ppm.

Sulfate. The sulfate content (Figure 8) of the
Manatee and Myakka Rivers showed little fluc-
tuation and usually did not exceed 20 ppm. The
sulfate in the Peace River varied from 20 to
100 ppm.

Chromate. Chromate was not demonstrable
in any of the samples taken from the rivers.

Silica. The silica content (Figure 9) of the
Myakka and Caleoosahatchee Rivers was rela-
tively low, usually not exceeding 5 ppm, The
Alafia River samples contained extremely high
silica concentrations (30 ppm). The Peace and
Manatee Rivers demonstrated a greater vari-
ability in silica content with values exceeding
14 ppm and with other concentrations less than
1 ppm.

Boron. The boron content (Figure 10) in all
rivers was low and was usually less than 1 ppm,

Copper. The element copper was found in
very low concentrations in all rivers (Figure
11), usually less than 0.1 ppm,

Manganese. Manganese was not demonstra-
ted in the south Florida rivers,

Nitrite, Nitrite nitrogen (Figure 12) was
very low in all of the rivers and did not exceed
0.1 ppm.

Nitrate, Nitrate nitrogen (Figure 13) usually
exceeded 1 ppm in the rivers bui rarely ex-
ceeded 5 ppm.

Phosphate, The phosphate content (Figure
14) was extremely high in the Alafia and Peace
Rivers; in some samples greater than 30 ppm.
Phosphate mines are adjacent to these rivers.
The Manatee, Myakka, and Caloosahatchee
Rivers have much lower phosphate levels, rarely
greater than 3 ppm and usually less than 1 ppm.

Iron, 1In all of the south Florida rivers the
particulate iron greatly influenced thetotal iron
content; the soluble iron remained relatively
constant, The mean ironlevels (400 pg Fe/liter)
of the south Florida rivers (Figure 14) are
much lower than the iron values (677 pg Fe/-
liter) demonstrated in most of the north Florida
rivers (Donnelly et al., 1966}

Tannins. Tannic acids were demonstrable in
all south Florida rivers. Levels as high as
10 ppm were found in the Myakka and Peace
Rivers,

Carbohydrates. The carbohydrate concen-

tration (Figure 16) of the rivers fluctuated
greatly and usually the higher levels could be
associated with algal bloomsin the waters when
the samples were taken., The levels usually did

not exceed 3 mg/liter but this value is many
times the concentration found in sea water.

Organic nitrogen, None of the organic nitro-
gen levels (Figure 17) demonstrated in the south
Florida rivers were excessively high, The high
level of organic nitrogen in the rivers in March
1966 may be evidence of a seasonal peak,
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Figure 4, Monthly furbidity readings on south Florida river waters,

Figure 5. Monthly chloride content of south Florida rivers.
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Figure 11, Monthly copper content of south Florida rivers,
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Figure 17. Monthly urgénic nitroéen levels in south Florida rivers,
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Station No,

1
2
3,
4

& - o

10,
11,
12,
15,
186,
17.
18,
19,

20,

Table 1.  River and Tributary Sampling Stations

Location

Manatee River at junction of SR 84 and 675 (highway bridge)
Manatee River—3 miles south Duette (highway bridge)

Myakka River—11 miles southeast of Venice on US 41 (highway bridge)

Myakka River on SR 70 at Myakka City {highway bridge)
Perce River on SR 760 at Nocatee

Peace River on SR 70 at Arcadia

Peace River on US 17 at Gardner

Prairie Creek on SR 31 south of Arcadia (highway bridge)

Horse Creek on SR 70 near Arcadia (highway bridge)

Horse Creek on SR 665 near Limestone (highway bridge)

Joshua Creek on SR 31 south of Arcadia (highway bridge)
Calocsahatchee River on SR 31 east of Fort Myers {highway bridge)
Caloosahatchee River at Alva

Caloosahatchee River at LaBelle

Caloosahatchee River at Moore Haven lock

Orange River at Tice {highway bridge)

Station No,

21,
22,
23,
24,
25,

26,
21,
28,
29.
30.
31,
32,
33.
34,

35,

Location

Myakkahatchee Creck on US 41 south of Venice
Estero River on US 41 at Estero

Imperial River near Bonita Springs

Myakka River at Myakhka River State Park
Horse Creek on SR 72 west of Arcadia

Braden River on SR 64 near Bradenton (highway bridge)
Joshua Creek on US 27 near Nocatee (highway bridge}
Imperial River east of Bonita Springs

Estero River east of Estero

Hillsborough River on SR 582 near Temple Terrace
Hillsborough River at Hillsborough River State Park
Alafia River on US 30 at Riverview {highway bridge)
Alafia River on SR 39 near Lithia

Little Mangtee River on US 301 south of Riverview

Little Manatee River on US 3% at Fort Lonesome
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Table 2.

Station No, 1; Manatee River—Junction SR 84 & 675 B

Date Y1465 21765 & 565 512/85 526/65 & /65 B/21/65 6/30/65 T/21/65 & %85 8/18/65 1g/22/65 11/30/65 12/28/65 1/26/B6 2/23/66 3/28/66 4/27/66 52566 &/28/66 Mean
Sample 1 15 33 45 58 81 80 91 121 143 174 189 206 1383 218 221 226 232 231 242
Water temperature °C 22.1 22.% 21.% 28.0 245 24,5 24.5 26.0 26.¢ 28.0 27.0 23.5 18.5 15.0 17.0 15.0 18.0 27.% 210 26.5 2.7
pH 5.0 590 5.0 5.5 5.0 4.5 4.5 5_.0 4.5 4.5 4.5 5.0 5.5 5.0 4.5 4.0 4,5 5.0 5.5 4,5 4.8
Turbidity 10 3 20 10 1o 10 70 70 85 70 60 32 24 18 85 41 32 25 18 47 35
Chloride 10.0 310 10.0 12.0 25.0 15.0 15.0 15.0 7.3 12,5 12,5 17.0 17.5 22,5 18.5 15.0 1.5 5.5 17.5 15.0 18.16
. Salinity - - - - - - - - - - - - - - - - - - - - -
Hardness
Caleium kL] 38 1] 30 30 30 13 15 10 ] 25 20 23 25 10 15 20 25 30 20 24
Magnesium 20 24 0 20 30 40 22 18 B 5 25 0 40 15 23 35 30 42 30 70 23
TOTAL 50 Ly 60 50 60 k] 35 33 i8 10 + 50 90 83 40 33 50 50 87 80 o0 52
Sulfate 4 S0 1 7 10 38 15 o ‘ 15 28 9 8 ¢ 10 20 16 12 13 10 15 18
Chromate 0 0 1] 4 i 0 ¢ [ 0.22 0 0 ] 0 [} 0 1] 1] 0 0 0 0
Bilica 5.60 5.80 7.40 1.20 8.50 7.00 141 6.00 0.52 0.80 5.40 9.20 7.30 8,00 6.00 6.00 8,20 0.56 4,50 7.50 5.53
Boron 0.2 0.2 0.8 0.2 0.2 0.2 0.3 0.2 0 0.05 0.9 0 0.2 0 0.5 9.80 0.90 0.60 0.70 0.50 o.38
Copper 0.030 0,007 0.050 0.050 0.030 0,010 [+ 0.080 0,030 Q ¢.01 0,15 0,03 0 4] 0,08 0,13 0,13, 0.12 0.05 0.05
Magnesium 0 i} 4] 0 g 0 4] [} 0 g L] 4] 0 [} 0 9 1] 0 [ 0 0
Nitrite 0 0 0.002 0003 0.008 Q.005 O 0 0 0 0 0001 0 ¢ 0 1} 0 0.012 0,013 0,010  9.0027
Nitrate 10 - 0.4 [ 0 0.9 ] 1.8 2.6 3.1 1.1 1,2 0.8 Lo 2,1 0.5 Lo 2.0 5.0 4,5 1.63
Phosphate
Inorganic 2,61 2.80 2.40 2.40 2,80 2,40 1.20 1.50 1.20 1.50 180 2.20 3.20 220 ° 135 i N i W4 R 2.2 3.0 2.15
Organic 0.18 0 0.20 ¢ 0.60 0.40 0.20 0 0,10 0 1.00 0.10 0.10 0,60 0.25 0.6 0.8 ¢ 1.0 15 0.37
TOTAL 2.80 2.80 2.80 2.60 3.10 2,20 1,40 1,50 1,30 1,50 2.80 2.30 330 2,80 1.60 2.3 2,5 2.7 2 [% 2.52
Iron
Soluble 68 43 88 23 a 45 388 354 304 68 288 142 M 156 71 210 57 44 45 255 158
Particulate 156 122 102 145 173 180 66 43 81 110 238 161 102 41 128 59 153 215 284 273 141
TOTAL 223 185 200 173 204 225 452 397 365 487 524 303 - 19 198 299 269 212 259 329 528 . 300
Tanninsg <2.5 <2.5 <85 <25 <2.5 <25 <B5.0 < 5.0 <50 <5,0 5.0 <25 <25 =25 =25 <350 <2.5 <2.5 <2.5 <5.0 <25
Carbohydrate 0.40 0.60 0.8%5 0.40 0.70 0.90 2.60 2.50 2,90 0,80 1.40 0,80 2,20 0,40 1.10 0.8% 0.8% 0.85 .70 3.00 1.24
Organic nitrogen - - - - - - - - - - - ' 39.10 8.32 3.85 .25 13,32 28.88 - 8,62 1968 1511

Organie nitrogen in pg at-N/liter; iron reported in pg Fe/liter; carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 3. Station No, 2: Manatee River—at Duette.

Date 4/21/65 8/ 2/85 8/30/65 B/18/65 Mean
Sample 16 42 62 161
Water temperatyre *C 24,0 25.0 28.0 20.4 26.8
pH 4.5 5.5 4.5 4.5 4.8
Turbidity 25 10 72 65 43
Chloride 15.5 20.0 20,0 1.5 14,2
Salinity - - - - -
Hardness
Caleium 40 ] 20 10 33
Magnesinm 30 30 18 - 30 27
TOTAL 70 80 38 40 50
Suliate 1 24 ] 12 15
Chromate 0 0 0 1] 0
Silica . 1.35 2,85 3.00 1.30 2.08
Boron 0.80 0.20 0,15 [\ 0.29
Copper 0.05 0.05 0.05 0 0,04
Manganese 0 0 0 ] [
Nitrite 0,003 0,010 ] 0 0.003
Nitrate 0.3 0.8 1.2 2.9 13
Phosphate
" Inorganic 1.85 0.95 0.75 0.90 1.06
Organie 0.15 0.25 0.10 1.80 0.45
TOTAL 1.80 1.20 .85 2.20 1.51
Iron
Soluble 44 g 390 g1 216
Particulate 184 185 63 283 184
TOTAL 228 222 473 874 400
Tannins <2.5 <2.5 <5.0 <5.0 <50
Carbohydrate 0.75 1.10 1.80 0.70 1.09

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reporied in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 4. Station No. 3: Myakka River—~US 41, South of Venice.
Date 4/14/65 5/19/65 6/ 2/65 6/22/65 6/30/65 7/28/65 8/19/65 10/12/85 Mean
Sample 13 46 70 ] 114 131 172 196
Water Temperature "C 20.5 28.5 29.5 33,0 30,0 29.0 30.0 28.0 29,7
PH ' 5.5 5.5 5.0 5.0 5.0 <6.0 4.5 6.0 5.3
Turbidity 10 20 10 a0 a0 80 T3 17 44
Chloride - - - - 240 25 25 - T’
Salinity 9.20 12.78 15.57 0.22 - - - 8.17 9.39
Hardness
Calcium - - - - 103 20 20 - 48
Magnesium - - - - a7 15 30 - 47
TOTAL - - - - 200 35 50 - 25
Sulfate =300 >300 >300 170 150 23 18 =300 185
Chromate 1] 0 0 0 0 [} 1] 4 14 '
Silica 2.85 4,50 4.00 4,00 5.00 0.87 1,20 11.20 4.22
Beron 1,40 1.30 1.40 0,55 0.50 0 0.80 0.40 0.81
Copper 0.10 0.04 0.08 0 ¢ 0.03 .01 0.08 0.04
Manganese 0 0 0 ] 4 ] 0 0 0
Nitrite 0 0,001 0 0 0,008 0.001 0 0.004 ¢.002
Nitrate 0.8 1.2 1.1 1.0 2.6 2.7 2.2 0.4 1.5
Phosphate .
Inorganic 0,60 0.65 0.70 1.60 1,80 1,20 0.97 0.20 0.87
Organic ¢ 0.25 0.20 0,20 1.00 0.10 L] 0.45 0.28
TOTAL .60 0.90 0.90 1.80 2.80 1.30 0.97 0.65 1.25
Tron
Soluble 42 34 21 234 422 238 348 78 17
Particulate 105 g1 87 93 130 166 245 200 138
TOTAL 147 85 108 327 552 404 563 278 313
Tannins <2.5 <2.8 <2.5 <5,0 <2.5 <10.0 <10.0 <2.5 «5.0
Carbohydrate 2.99 1,05 1,50 0.35 1.20 1.40 1.60 0.80 1.37

Organic Nitrogen

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jacksen Turbidity Units; all other results fn ppm.




Table 6, Statfon No. 4: Myakka River—SR 70 at Myakka City. :
>
Date Y1465 42165 & 565 §12/65 5/26/85 & 2/85 B/21/85 &/30/8% 2185 8 965 &18/65 10/22/65 11/30/85 12/28/85 1/26/66 2/23/68 Y2866 4/27/66 52566 6/28/66 Mean
Sample 2 17 34 44 57 83 81 93 122 144 175 200 207 212 217 222 227 233 238 243
Water temperature °C 24,0 25,0 23.5 26,5 26,5 27.0 26.0 28,0 26,0 27,0 27,5 29,0 18,0 18,0 17.0 18,5 19.0 25,5 2.0 26.0 24.1
pH 5.5 45 4.5 5.5 5.3 4.5 4.5 4.5 4.5 4.5 4.5 4,5 4,5 4.5 4.0 4.0 4.25 4.0 4,5 4.5 4.5
Turbidity 30 7 30 15 15 15 100 76 80 65 70 68 59 44 43 52 80 68 30 82 50 .
Chloride 15 28 20 1g 30 20 1% 18 8 20 ] 15 18.5 17.% 23.5 17.5 42.5 17.5 22,5 15 19.2 '
Salinity - - - - - - - - - - - - - - - - - - - - -
Hardness
Calelum 80 75 30 30 60 40 25 18 20 5 15 15 10 10 10 20 10 8 40 10 25 p
Magnesium 40 50 20 20 30 20 13 9 10 8 15 20 20 15 20 2% 15 17 30 5 20 g
TOTAL .]00 125 50 50 90 80 38 25 0 13 30 a5 30 25 30 45 25 25 10 15 45 =)
Sullate 48 42 12 8 8 10 35 3 42 25 12 1 12 10 12 i9 12 14 12 12 18 ;
Chromate ] 60T 0 0 ] 0 o 0 025 0 0 0 0 ¢ 0 0 0 0 0 0 oot ©
Silica 8.40 4,29 1,68 0,80 3.00 1,80 2.49 3.20 1,20 0,59 0.3 2.6 1.4 1,45 3.0 1.3 L5 " 0.3 81 2,2 2,27 E
Boron 1,00 0 0,20 [+] 0.20 0.20 0.45 0.10 0 4] 0.9 ¢ 0.3 [ 0.3% 1.0 0.95 0.8 .0.7 1.0 0.39 o
Copper 0.02 0.03 0.02 ] 0.05 0.05 0 0.06 0.01 0 0,02 0.11 0 & 0 0.08 0.04 0.15 .10 0.05 0,03 =
Manganese 0 0 0 ] 0 [} 0 0 ¢ 0 0 0 0 [} 0 [ 0 0 0 0 0 8
Nitrite 0,001 ] 0,003 0 0 0,004 0 ] 0 0 1] +] [ 0 0 1] 0 0 0.008 0 0.009 E
Nitrate 0.8 1.0 0.8 0.8 0.2 2.0 2.8 1.9 2.8 3.4 2,25 23 1.8 2,2 2.1 1.2 2.5 1.0 8.0 5.5 2.11 5
Phosphate . »
Inorganic 0.85 6,50 1,00 L.00 0.50 0,50 0.60 0.8% 100 .25 .70 0.75 0,80 0.50 0.40 0,45 0.88 0.78 0.7 0.7% 0.7¢ g
Organic 0,15 0 0.40 o .40 0,18 0,45 0.10 0.05 0.20 0,40 0.05 0 0.05 0.22 0.50 0.24 0.12 0.30 .20 0.20 <
TOTAL 0.80 0.80 1.40 1.00 0.90 0,68 1,05 0.85 1.05 1.05 1,10 ¢80 ¢.80 0.55 0.62 1.05 0.92 0.90 Loo 0.95 0.90
Iron
Soluble 118 77 149 a8 150 58 562 442 380 347 344 250 230 188 154 21 229 260 18 510 233
Particulate 182 114 L] 128 184 158 33 18 10% 54 56 89 4 1 12 27 19 51 134 50 ' 7
TOTAL 280 191 218 213 214 215 595 460 465 401 400 318 294 215 196 48_ 268 m 212 580 210
Tanains 2.5 «2.5 <2,5 <2.5 «<2,5 <25 <100 <100 <5.0 <5.0 5.0 <5-.0 <5.0 l 5.0 <26 <100 <50 <100 <2.5 =100 <5.0
Carbohydrate 0.5t 2,38 130 0.60 0.%0 2,20 1,40 2,41 190 0.40 2,45 2,45 1,00 1,20 1.08 0.90 0.85 1.62 1,20 2.40 1.45
Organic nitrogen - - - - - - - - - - - 56.7 28,72 8.68 10.52 8,24 2.21 15,32 13.28 23.92 21,94
Organic nl.tmgen in pg at-N/lter; Lron reported in pe€ Fe/liter; carbohydrate in mg/liter; turbidity in Jackaon Turbidity Units; all other results in ppm,
R . - WMo Z o®w A W @ = g ¥ o7 ?r: 3 g I
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Table 6. Station No. 8: Peace River— S8R 760 at Nocatee,

115

K
X
o
Ed
u
-4
I
:.'
v
¥
i
3
v
N
]
]
s
Q

Date ¢ 4/21/65 5/ 5/85 6/ 2/65 6/30/65 8/ 6/65 8/19/65 Mean
Sample 21 40 88 101 151 183
Water temperature °C 20.5 - 32.5 30.5 2580 30,0 30.3
pH 6.8 6.4 6.2 5.0 4.5 5.0 5.7
Turbidity 55 8 15 70 80 69 B0
Chloride 24,5 24,0 20,5 18.5 32,5 15.0 22,2
Salinity - - - - - - -
Hardness
Calciym 120 0 115 80 23 50 8
Magnesium 80 ki 95 25 21 25 48
TOTAL 180 160 210 B85 a4 15 125
Sulfate 85 0 100 40 45 44 60
Chromate 0 0 ] 0 0 ) Q
Stlica 12,40 9.00 15,00 4.00 4,25 5.00 7.94
Boron 0 0 0 0,40 [ 100 0,23
Copper 1} 0,06 0,07 0 ¢ 0.04 0,02
Manganese o 0 o 0 0 0 0
Nitrite 0 0 4 0.001 0 0,002 0.0001
Nitrate - 0.6 1.2 2.5 3.4 2.1 2.0
Phogphate
Inorganic .00 > 8,00 8,00 7.20 8,30 8.00 7.40
Organic 0.60 0 0 0.30 0.30 0.40 0,27
TOTAL 7.60 > 8,00 8,00 1.50 6,60 8,40 7.87
Iron '
Soluble 22 17 7 333 403 204 119
Parttculate 160 121 83 107 312 352 189
TOTAL 182 138 90 440 715 548 368
Tannins <2.5 <2.5 <25 <5.0 <10.0 5.0 =5.0
Carbohydrates .20 1,30 4.80 1.80 0.70 2,20 .00

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;
carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other resulis in ppm.




Table 7, Station No, T: Peace River—SR 70 at Arcadia

Date 414/85 4/21/85 ¥ 565 Wd/&5 6/ /65 6/21/85 8/30/85 7/21/85 B 565 B/19/65 10/22/65 11/30/65 12/28/8% 1/26/66 2/23/88 3/28/66 4/27/86 5/25/66 6/28/868 Mean

Sample § 18 38 58 85 a2 13 123 146 178 202 208 213 218 223 228 224 239 244
Water temperature °C 28,0 27.0 26,0 29.5 30.0 28.0 29.0 27.0 29.5 30.5 25.0 18.5 7.5 18.0 19.5 210 27.0 29,0 28.0 25.8
PH 6.8 6.5 5.5 5.5 5.0 4.5 5.0 5.0 4.5 5.0 5.0 6.4 4.5 5.0 4,0 5.5 6.0 5.5 5.0 5.2
Turbidity 10 20 20 15 10 75 T0 90 85 88 .1 42 25 50, 83 48 29 22 85 47
Chloride 20,0 25,0 20,0 2.0 25.0 215 20.0 12,5 25.0 20,0 25.0 20,5 25.0 27.5 20.0 22.5 25.0 20,0 18,0 22,0
Salinity - - - - - - - - - - - - - - - - - - - -
Hardness

Calcium 20 112 100 120 120 8 47 20 20 30 46 20 65 53 45 10 ki 100 50 48

Magnesium 80 o8 150 kil 5 18 28 . 25 30 50. 44 é5 65 a8 50 50 15 §5 30 56

TOTAL 170 170 250 190 185 1 5 45 50 80 an 155 130 20 85 120 150 155 BO 125
Sulfate 58 56 18 80 80 % 38 35 50 38 28 82 13 57 58 64 a2 100 13 61
Chromate 0 1] 0 0 o [+] [+ 0.2 ¢ o a0 0 ¢ o 0 4] 0 [+ o 0
Bilica 100 140 13,5 8.5 12,0 4.9 9.0 1.8 LX) 7.0 12.0 13.75 2.0 8.2 5.0 4.5 13.0 12,0 6.2 8.12
Boron 0.7 [ 0.2 0.4 9 0.30 0.03 ] L] 1.00 [+] 0.3 ] 0.4 1.0 0.8 1.1 6.5 1.0 0.4
Copper 0.05 0 0.02 0.0% 0.12 .06 0,02 Q ] ¢ 0.10 0.01 0 0.02 0,10 0.0¢% 0.14 .15 0.07 0.05
Manganege 0 0 0 ] 0 ¢ 0 4] 0 0 0 0 0 o o 0 0 0 0 o
Nitrite 0 o ] 0.001 0.003 0.004 0,001 0 0 0,004 0,003 0,002 0 0.001 o [ Q 0.005 0.200 0.010
Nitrate L1 - L0 0.1 L1 1.7 I.S 3.2 3.3 2.0 1.3 0.5 1.2 LY 1.0 L0 LS 45 4.0 178
Phosphate

Inorganic T.20 1.50 8.00 8.40 8.80 4.80 .40 410 T.90  10.00 4.5 10.5 7.8 6.8 6.0 8.6 8.0 925 12,0 7.60

Organie =0.70 0.50 1,60 =~>1.60 3.00 0.920 .80 0.10 0.20 1,00 0.5 2.0 32 0.8 1.5 2.0 2,0 2,75 3.5 1.47

TOTAL >8.00 8.00 7.0 *8.00 1180 5.50 8.20 4,20 8.10 1100 5.0 12.5 11,0 T.4 7.5 10.8 11.0 12,00 155 9.08
Tron

Soluble 28 14 34 18 15 220 266 358 438 322 128 b6 88 110 16 8z 33 18 190 128

Particulate 109 141 k] 43 4 153 147 222 289 314 270 11 82 202 382 210 92 88 348 178

TOTAL 197 155 113 ] &8 873 413 580 727 636 398 167 148 312 398 292 125 87 539 304
Tannina <%.5 <2.5 <25 <2.5 <%.5 < 5.0 <50 <100 <50 5.0 <2.5 <2.5 <2.5 2.5 =<5.0 =<2.8 <25 <25 <50 <B0
Carbohydrate 5,50 8,82 1,80 2,20 3,15 100 2,41 2.20 0.60 2,10 3.20 0.85 0.68 120 3.25 1.80 1.40 3.42 1.00 2.44
Organic nitrogen - - - - - - - - - - 50,40 7.72 10,43 10,30 7.92 28,64 5.00 7.88 2418 18,91

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter; énrbohydrnte in mg/liter; turbidity in Jackson Turbidity Units; all other resuits in ppm.
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PINELLAS TO COLLIER COUNTIES, 1963-1966

RED TIDE STUDIES, 117
Table 8. Station No, 8: Peace River~US 17 at Gardner,
Date 4/21/65 5/ 5/65 6/ 2/65 8/30/65 8/19/65 Mean
Sample 19 T 66 87 179
Water temperature °C 28.5 28.5 300 20.0 30.0 28.2
pH 6.4 5.0 5.5 4.5 5.0 5.3
Turbidity 40 18 20 0 75 45
Chloride 25.0 26,0 25.0 20.0 10.5 23.0
Salinity - - - - - -
Hardness
Calelym 114 80 120 41 35 80
Magnestum 51 70 90 39 35 57
TOTAL 165 160 210 80 T0 137
Sulfate 65 72 100 33 38 51
Chromate 0 ] [} 0 0 0
Bllica 12.4 1.0 13.0 11.0 5.4 9.8
Boron 0.3 0.4 o 0.2 0.9 0.4
Copper o 0.05 0.11 0 0 0.03
Manganese 1] ) o [ 0 0
Kitrite 0 0 0 0,002 0.003 0.601
Nitrate - 0.8 1.0 2.2 2.0 LS
Phosphate
" Inorganic >80 8.25 8.00 5.60 6.0 6.93
Organic - L5 6.40 0.40 0.40 2,24
TOTAL > 8.0 8.00 14,40 6.00 7.20 8.17
Iron
Soluble 14 50 8 334 280 137
Particulate 153 54 107 104 340 152
TOTAL 187 104 11§ 438 620 289
Tannins <2.5 <2.5 <2.8 <5.0 5.0 <2.5
Carbohydrate 15,00 1.30 5.70 2.41 2.20 532

Organic nitrogen

Organi¢ nitrogen in pg at~ N/liter; iron reported in pg Fe/lter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 9, Station No. 10: Prairle Creek—SR 31 South of Arcadia.

Date

4/14/85 6/21/65 8/30/85 8/ 5/65 8/19/65 Mean

Sample 7 84 €9 148 181
Water temperature °C 33,0 30.0 35.0 31.0 2.0 32.2
pH 5.5 5.0 5.5 4.5 5.0 5.1
Turbidity 25 28 60 88 80 56
Chloride 35.0 48.5 3.5 22.5 12.5 30.8
Salinity - - o - - .
Hardness

Caleium 130 150 180 25 35 104

Magnesfum 110 20 10 7 15 32

TOTAL 140 170 190 32 50 136
Sulfate 35 12 35 e 13 2
Chromate 1) 1] [ )] o 0
Sillea . 4.4 4.5 11.6 1.7 3.2 5.1
Boron 0.1 0.6 0.3 [ 0.8 0.4
Copper 0.05 0.05 0 0 0.05 0,03
Manganese 0 0 0 o Q 0
Nitrite 0.005 0.001 0.54 0 0 0.012
Nitrate 1.4 0.4 1.6 3.2 1.8 1.7
Phosphate

Inorganic 0,12 0.10 0.22 0.35 0.20 0.20

Organic 0.17 0.40 0,10 0.25 0.20 0.22

TOTAL 0.29 0.50 0.32 0.50 0.40 0.42
Iron

Soluble 26 102 808 418 360 342

Particulate 326 783 265 426 664 493

TOTAL 352 885 1073 842 1024 835
Tannins <1.5 <2.5 <2.5 <10,0 «5,0 < 2.5
Carbohydrate 1,40 1.10 2.20 0.41 2.10 1.44

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1966 119
Table 10, Staticn No. 11: Horse Creek—SR 70 near Arcadia.
Date 4/14/65 5/ 5/85 6/ 2/865 6/30/85 8/ 5/85 8/19/65 10/22/65 Mean

Sample 4 35 84 [ 145 1177 201
Water temperature °C 27.5 ns 30.0 28,0 29,0 29.5 25.0 28.1
pH 5.0 415 8.8 4.5 4.5 5.0 4.5 5.0
Turbidity 45 30 40 80 85 - T4 59
Chleride 24.5 20.0 40.0 20,0 20,0 15,0 17.5 22,4
Salinity - - - - - - - -
Hardness

Calelum 32 50 60 35 16 20 20 33

Magnesiom 38 10 100 25 5 T 15 33

TOTAL 70 60 160 60 21 57 35 1)
Sulfate 32 33 29 [ 22 14 15 21 .
Chromate ] ] 0 o o 0 [} 1]
Silica 1,20 0.33 1,69 2.20 3.00 1,30 4,70 1,82
Boron 0.60 0.10 0.20 0.10 0.05 0.80 0.10 0.29
Copper 0 0.01 0.01 [} 1] 0 0.15 09.02
Manganese 0 0 1] [H ) 1] 0 1)
Nitrite 0 0 ] 1} 0 o 4 4]
Nitrate 1.4 1.2 15 2.2 3.3 2.4 2.5 2,1
Phosphate

Inorganic 192 L80 2,80 ' 2,20 1.90 1,80 110 195

Organie 0.13 0.10 0.70 [H] 0 0.10 0.10 0.18

TOTAL 2,05 2,00 .50 .20 1.90 1.00 1.20 2.11
iron

Soluble 40 143 56 595 405 139 310 298

Particulate 145 108 1050 8 148 226 190 292

TOTAL 190 251 1106 873 T43 658 500 588
Tanning =<2.5 3.5 <45 =10.0 6.0 =<10.0 =5.0 <50
Carbohydrate 1.83 2.45 8,80 3.10 0.41 L30 1.50 2.46

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate o mg/lter; turbidity in Jackson Turbidity Units; all other resalts in ppm.
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Table 11. Station No, 12: Horse Creek—SR 865 near Limestone,
Date 4/14/65 6/30/65 8/19/65 Mean
Sample 3 04 176
Water temperature °C 29.5 28,0 29,0 28.8
pH 5.5 4.5 5.0 5.0
Turbldity 80 84 a8 T8
Chloride 15.0 20,0 10,0 .l 5.0
Salinity - - - -
Hardness
Calcium 20 14 20 19
Magnesium 10 35 15 0
TOTAL 30 51 35 39
Sulfate 15 1] 15 10
Chromate 0 0 0 0
Silica 3.2 8.3 1,2 KK
Boron ’ 0 0.3 1.0 0.4
Copper 0.03 0,03 o 0.02
Manganese 1] 0 0 1]
Nitrite 0 ] 0 0
Nitrate 1.6 2.4 1.8 1.9
Phosphate
Inorganic 2.05 2,00 1.685 1.80
Organic 0.13 100 0.05 038
TOTAL 2,18 3.00 190 2.29
Iron
Soluble 354 484 420 419
Particulate 283 1] 202 188
TOTAL 847 553 622 607
Tannins <2.5 =10.0 <10.0 <10.0
Carbohydrate 0.90 4.30 1.10 2.10

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

earbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all cther results in ppm.
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Table 12, Station No, 15: Joshua Creek—SR 31 South of Arcadia, i
Date 4/14/85 5/ 5/65 6/21/65 8/30/65 8/ 5/85 8/19/65 Mean '
Sample L3 38 83 98 147 180
Water temperaturg °C 20.0 21.5 27.0 29.0 29.0 29.0 26.9
PH 5.5 5.0 5.0 4.5 4.5 5.0 4.9
Turbidity 12 15 25 50 20 80 45
Chloride 40.0 35.0 38.0 34.0 25.0 20.0 2
Sallnity - - - - - - -
Hardness 7
Calcium ) 140 120 h¥) 24 30 T2
Magnesium 0 120 80 ki 10 5 61
TOTAL 160 260 210 110 36 35 133
Sulfate 18 180 155 T0 50 18 9
Chromate ¢ 0 [\ 0 0 0 0
Bilica 12.8 7.0 5.5 B.O 2.3 3.6 6.5
- Boron 4 [ 0.4 0.8 0 1.0 0.3
Copper 0.05 0.06 0.05 0,01 [1] 0,01 0.03
Manganese 0 0 0 0 0 0 0 |
Nﬂ‘;rite o 0 0.002 [’} 0 0.001 0,001
Nitrate 1.1 1.0 0.5 1.2 3.1 1.8 1.5
Phosphate
Inorganic 0.78 0.30 0.60 0.85 2,00 1.25 0.97
Organic 0.11 0.20 0.30 0,10 0.20 0.50 0,24
TOTAL 0,90 0.50 0.80 0.95 2,20 1,79 1.21
Iron
Soluble 84 100 87 376 528 474 275
Particulate 203 91 150 54 405 645 250 E
TOTAL 287 197 237 430 933 118 534 :
Tannins <25 <2.5 <2.5 2.5 5.0 5.0 2.5
Carbohydrate 1.18 0.60 0.50 270 0.70 1.0 111
Organic nitrogen - - - - - - -

Organic nitrogen in pg at-N/liter; {ron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm. |




‘Table 13. Station No. 18; Caloosahatchee Rlver—SR 31 East of Ft. Myera

8
Date Y1465 4265 19/65 ¢ %65 G/21/65 8/30/65 7/21/658 T/29/65 B 585 §/19/85 10/12/65 11/30/65 12/28/65 1/26/86 2/23/66 U906 42766 2506 6/28/86 Mean
Sample 8 24 48 79 85 105 124 133 149 163 192 209 214 219 224 229 235 240 245
Water temperature *C 20,0 28.5 29.0 24.0 30.0 28.5 0.0 30,0 3o e 28,5 22,0 - 200 18.5 22,0 24,0 25.0 27.5 29,0 27.0
pH 8.8 6.4 5.5 8.4 5.8 7.2 6.0 6.8 6.4 6.8 6.0 8.8 7.1 8.2 6.4 LE 5.5 6.0 8.2 6.4
Turbidity 29 & 15 10 20 22 30 48 45 80 38 a7 28 25 27 42 25 15 25 30
Chloride 13.8 - - - 330 380 60 35 85 8.3 85 785 - - - 10 75 71 57.5 143
Salinity - 1.40 8,49 9.85 - - - - - - - - 3.20 .84 2.33 - - - - 4,74
.Hnrdness
Calcium 141 180 - - 161 186 150 100 23 115 110 280 - - - 190 115 119 130 129 <]
Magnesium 59 280 - - 105 106 40 18 a2 35 30 150 - - - 5¢ 80 50 20 T4 5
TOTAL 200 460 - - 266 290 180 118 125 i50 140 410 - - - 150 175 160 150 213 g
Sulfate 60 20 >300 =300 190 B0 50 29 40 38 30 180 > 300 > 300 260 40 47 44 40 127 >
Chromate 0 0.08 o 9 o Q 0.29 0 0 0 ] 0 0 0 i} 0 o 1] 0 ] 8
Bilica 6.20 3.00 3.20 2.60 3.00 3.00 2,00 2,50 3.30 4,20 8,40 5.50 5.00 3,50 3.50 1,60 2.50 3.20 5.30 3.76 E
Boron 0.4 0.3 Lo 0.8 0.6 1,80 Q0 0 1] 0 0 0.4 0.2 0.7 Lo 1,00 1,00 0.80 1,00 058 o
Copper 0,04 0.05 0.08 0.05 0.04 0,01 0.05 0.02 ] 0.01 0.02 0.01 0,01 0 0.15 0.12 0.19 0.20 0.10 0,05 =
Manganege o 0.001 0 0 o 0 0 0 o [ 0 ] 0.4 ¢ 1] 0 0 0 1] L) 8
Nitrite [} 0,003 0,002 0.003 0.023 0.050 0.020 0,005 0.032 0,017 0.010 0.002 9 Q [ 0 0 0.004 1} 0.008 %
Nitrate 0.9 0.8 1.1 0.8 0.5 1.8 2.4 1.4 2.4 2.1 1.2 1.0 1.2 0.8 2.0 0.3 2.0 5.0 5.0 1.7 E
Phosphate ' §
Inorganic 0,38 0.3% .35 0.38 0.30 0,70 0,60 0,50 0.41 0.20 0.25 .70 0.45 - 0.35 0.19 0.85 0.28 0.37 0,54 0.42 g
Organic 0.04 0.15 0.24 0.14 c.30 0.20 0,12 0,28 0.29 0,40 0,25 0,10 0,10 0.20 0.41 0.25 0.32 0.58 0,56 0.20 “
TOTAL 0.42 0.50 0.59 .50 0.60 0.90 0.72 0.78 0.7 0,80 0,50 0,80 0,55 0,55 0,60 0.80 0.80 0,85 1,10 0,82
Iron
Soluble a5 14 13 11 39 T 129 138 175 180 103 0 35 17 ig 33 18 19 64 62
Particulate 59 30 26 n 36 87 144 146 217 222 150 157 153 81 42 T 34 39 148 X 98
TOTAL B¢ 4 30 48 5 140 2n 282 392 402 253 227 128 o8 61 104 50 58 212 la0
‘Tannins =25 <2.5 <2.5 <2.5 <2.5 <2.5 <25 =< 5.0 <26 < 5.0 <25 <2.,5 <25 <2.5 <25 <2.5 <2.5 <2.5 2.5 <25
Carbohydrate 158 1,48 1,40 0,60 1.00 0,70 3.05 L30 0.40 0.8¢ 1.35 1,78 2,21 1,48 2.00 0.50 1.62 3,21 ¢.90 1,42
Organic nitrogen - - - - - - - - - - - 16.864 23,24 .99 8.88  30.18 9.40  20.82 28.12 19.32
Organic nitrogen In yg at-N/lter; iron reported in pg Pe/liter; carbohydrate in mg/liter; turbidity in Jackson Tribidity Units; all ether results inppm.
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Table 14,  Station No. 17: Caloosahatchee River—at Alva.

123

Date 4/28/65 5/10/85 8/ 8/65 6/30/65 1/29/65- 8/18/65 Mean
Sample 25 Lb) T2 108 134 164
Water temperature °C 2.3 3.0 29.0 30.0 30,0 31.5 30.1
PE 8.2 6.8 e.8 8.8 8.4 6.0 6.5
Turbidity 15 20 10 40 52 52 31
Chloride 95 187 185 70 34 9 a3
Salinity - - - - - - -
Hardness
Calelum 134 120 155 160 100 110 130
Magnesium 46 -1H] 105 30 30 50 57
TOTAL 180 200 280 180 130 180 187
Sulfate 51 64 55 35 30 47 47
Chromate 0 o o 0 0 ¢ 0
— Silica 4,00 4,00 0.48 §.40 5.00 4,00 4.00
Boron 0- 1.20 0.05 1,90 0,10 0 0.50
Copper 0,005 0.030 2.010 0 0,030 ] 0.0013
Manganese 0 o 0 0 0 0 0
Nitrite 0.002 0.003 6,004 0.027 0.006 0.002 0.008
Nitrate 0.4 1.9 1.4 2.3 1.6 1.8 1.8
Phosphate '
Inorganic 0.30 0.25 0.20 0.60 0.18 .50 0.34
Organic 0.10 0.14 0.20 0.30 0.73 0.70 0.36
TOTAL 0.40 0.39 0.40 0.90 0.8% 1,20 0.70
Iron
Soluble 9 16 16 114 187 174 86
Particulate 28 38 20 207 274 213 130
TOTAL 317 55 36 321 461 387 218
Tannins <25 «2.5 <2.5 <2.5 <5.0 <5.0 <2.5
Carbohydrate 1.01 1.61 0.50 105 1.05 1.50 1.12

Qrganic nitrogen

Organic nitrogen in pg at-N/liter; 1ron reported in pg Fe/liter;

carbohydrate in mg/liter;

turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 15, Station No. 18: Caloosahaichee River—at La Belle,

Date

4/28/65 5/18/85 8/ B8/65 §/30/85 7/29/85 8/18/65 Mean

Sample 26 50 Kk 107 135 185
Water temperature °C 29.0 2.0 30.0 31.0 29.5 Lo 30.4
pH 5.5 6.3 6.8 6.8 6.9 6.8 [N}
Turbidity 22 3¢ 18 80 54 50 39
Chloride 29 87 83 38 11 T 54
Salinity - - - - - - -
Hardness

Calcium 120 40 160 135 103 130 115

Magnesium 50 100 60 25 19 100 50

TOTAL 170 140 220 160 122 230 174
Suttate a 52 48 50 32 60 a8
Chromate 1] 0 0 0 1) L] 0
Silica 4,80 7.00 7.00 7.00 4,40 5.10 5,80
Boron ) 0 0 0.10 1.80 0.10 ¢ 0.04
Copper 0,005 0,50 0.020 1] 0 0.030 0,018
Manganese o 0 0 ] 0 o 0
Nitrite 0.005 0 0,008 0.012 0.003 0.003 0,005
Nitrate 0.3 2.3 1.0 2.3 17 2.0 1.6
Phosphate

Inorganic 0,75 0.42 0.34 L.00 0.65 0.40 0.59

Organic 0.25 0.33 0.16 0,80 0.25 0.5 0.40

TOTAL 1.00 0,75 0,50 1.90 0.80 0.80 0,89
Iron

Soluble g 11 i4 208 185 172 100

Particulate 119 120 100 248 363 205 183

TOTAL 128 131 114 456 548 T 293
Tannins <2.5 <2.5 <2.5 <2.5 <5.0 2.5 2.5
Carbchydrate 1.68 0.65 0.75 1,06 2.02 0.50 1,11

Organic nitrogen

Organic nitrogen in pg at- N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Station No, 19: Caloosahatchee River-at Moore Haven.
Date 4/28/85 5/19/65 6/ 8/65 6/30/65 7/28/65 8/18/65 Mean
Sample 27 51 T4 108 136 166
water temperature °C 28.0 28.0 30,0 31.0 30.5 32.0 30,2
MH 6.2 6.0 6.4 6.8 6.2 6.2 8.3
Turbidity 15 20 10 20 82 85 34
Chloride 75 88 88 58 38 8 59
Balinity - - - - - - -
Hardness
Calcjum 100 90 100 85 50 110 ]
Magnesium T 70 50 45 20 100 59
TOTAL 170 180 150 130 70 310 148
SBullate 43 48 42 46 31 180 a6
Chromate [+ 0 0 1] 0 0 ]
Silica 0,95 0,95 0.60 2.00 1,20 5.50 1.88
Boron 0. ] 2.80 1.60 0.1¢ 0 0.75
Copper 0.006 0.040 0.630 0.040 0.060 0.020 0.030
Manpanese 0 0 1} ¢ [ [ 0
Nitrite 0.005 0,001 0,005 0.002 0,002 0.002 0.003
Nitrate 0.8 1.1 1.0 1.3 1.6 2.0 1.3
Phosphate
Ingrganic 0.30 0,20 0,12 0,30 0.45 0,25 0.27
Organic 0.20 0,20 0,23 0,62 0.05 0,10 0,23
TOTAL 0.50 0.40 0.35 0,92 0,50 0.35 0.50
Iron
Soluble 17 16 15 44 328 162 a7
Particulate 2 39 L] a8 200 216 99
TOTAL 3] 11 45 112 528 37T 104
Tannins <2.5 < .5 <2.5 < 2.5 <10.0 <5.0 <2.5
Carbohydrate 1.48 1.05 0.60 0.70 1.80 1.5¢ 1.18

Organtc nitrogen

Organic nitrogen in pg at-N/liter; iron reporied in pg Fe/liter;

carbohydrate in mg/liter; turbldity in Jackson ‘Turbidity Units; all other results in ppm.
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Table 17. Station No. 20: Orange River—at Tice,

Date , 4/14/85 6/ 8/85 6/30/65 7/29/65 8/19/65 1o0/12/85 Mean
Sample L] 71 104 187 162 183 ;
Water temperature °C 32.0 32.0 33.0 30.0 33.0 28,5 3.4 Wi
PH _ 8.6 5.5 6.9 8.8 6.8 5.2 6.3 #H
Turbidity 15 15 30 35 41 20 26 Tu
Chloride 180 - 550 85 T 100 182 Ch
Salinity - 6.768 - - - - - . Sa
Hardness Ha
Calcium 200 - 180 130 170 150 186
Magnesium 50 - 190 30 80 40 74
TOTAL 250 - 370 160 230 180 240
Sultate 75 >300 120 14 53 4% 106 ' 8
Chromate ° 0 0 0 o 0’ 0 cl
Bilica 6.60 0.65 .00 5,90 8,50 7.20 5.48 8
Boron 0 1.30 1.80 0.10 ] ) 0.50 B
Copper 0.03 0.04 0.12 0.05 0.05 0.05 0.6 o)
Manganese 0 0 0 0 1] 0 0 M
Nitrite ' <0.010 0.002 0.045 0.006 0,008 0.006 0.012 N
Nitrate 0.8 0.8 1.4 1.3 1.8 1.0 1.1 N
Phosphate P
Inorganic 0.40 0.32 0.60 0.85 0.30 0.30 0.43
Organic 0 0.18 0.18 0.18 0.85 0.25 0.28
TOTAL 0.40 0.50 0.78 0.84 11§ 0.55 0.71
Iron . n
Soluble 15 121 100 112 119 23 02
Particulate 85 40 8 170 aso 226 180
TOTAL 80 161 178 282 499 308 252
Tannins <2.5 <2.5 < 4.5 < 1.5 2.5 <2.5 <3.5 1
Carbohydrate 2.4 0.80 150 1.05 1.00 1.00 1.26 ¢
Organic nitrogen - - - - - - - C

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm,

i SR R 4 R,
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Table 18. Station No, 21; Myakkahatchee Creek—US 41 Scuth of Venice.
Date 4/14/85 5/19/65 6/ 2/65 6/22/85 6/30/65 B8/19/65 10/12/65 Mean
Sample 12 47 1] 88 113 171 197
Water temperature °C ) 30.5 28.0 30,0 32,5 3.0 30.0 27.5 20.8
PH 8.2 7 5.5 5.0 5.0 5.3 5.5 5.0 5.4
Turbidity 15 19 10 85 e 34 50 k]
Chloride - - - - 1140 - 32.5 -
Salinity 14,05 13.68 15.15 2,58 - - - 11,37
Hardness
Calejum - - - - 182 - 25 -
Magnesium - - - - 318 - 35 -
TOTAL - - - - 500 - 80 -
Sulfate > 300 >300 > 300 > 300 >300 >300 14 > 300
Chromate 0 [ 0 Q 0 0 0 ]
Silica 8.4 9.2 6.0 4.0 6.8 5.8 2.1 8,0
Boron - 1.8 1.5 0.9 0.6 1.1 0 1.0
/‘- Copper 0.22 0,05 0.08 [+] 0.01 0,04 0.05 0.64
N Manganese e o 0 0 0.15 ) 0 0.01
Nitrite 0.002 0.002 0 0 D..DO'T 0 0.001 0.002
Nitrate 0.1 0.9 1.1 0.8 1.8 0.5 Lg 1.0
" Phosphate
Inorganic 0.43 0.85 0.85 1.00 1.65 0.50 0.55 0.65
Organic - 0,13 0.25 0.50 0.55 0.25 0.25 0.32
TOTAL - 0.78 0.80 1,50 2,20 0.75 0.80 0.87
Iron
Soluble 24 20 27 185 354 154 253 145
Particulate 86 102 88 1" 183 283 200 154
TOTAL 110 122 112 316 637 447 453 299
Tannins <25 =3.8 <25 <50 <5.0 <2.5 <5,0 <50
Carbohydrate .4 1,21 3.85 0.05 3,06 3.00 1,80 2.21
Organic nitrogen - - - - - - - -

Organic nitrogen in pg at-N/lter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm,
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Table 20, Station No. 23: Imperial River—at Stanton's near Bonita Bprlngs"

Date 4/14/85 4/28/65 5/18/85 6/ 8/65 8/22/65 6/30/65 7/28/65 8/19/65 10/12/65 Mean

Sample 11 i 55 78 87 112 11 170 195
Water temperature °C Lo 3.0 30.0 - 30.0 30.0 28.0 30.0 29.0 30,0
pH 6.8 6.2 5.0 6.4 6.4 6.8 8.8 5.0 6.0 8.2
Turbidity 10 ] 20 10 27 20 40 39 24 21
Chloride - - - - - - - 35 33 -
Balinity 14,19 19.18 21,20 .o19.97 7.98 0,58 4.5'.3 - - 13.81
Hardness

Calelum - - - - - - 100 ki 85 8

Magnesium - - - - - - 75 10 40 42

TOTAL - - - - - - 175 BO 105 120
Sulfate =300 »300 300 =300 > 300 = 300 51 12 7 > 300
Chromate 0 0,055 0 0 0 0 0 0 0 0.008
Silica 4.50 2.84 4.50 2.90 4.50 8.00 8.00 6.00 3.60 479
Boron - 2.2 2.4 14 1.4 2.8 [} 0.8 0 1.4
Copper 0.15 0.12 0.10 0.08 ] 0.05 0.05 0.01 0.04 0.07
Manganese 0 0.24 0 - 0 o [+} 1] [} 0.03
Nitrite <0,01 0.005 o 0,005 0 0.004 o 0 0,003 0.003
Nitrate L0 0.8 0.8 0.4 1] 0.8 1.6 4.6 1.2 1.2
Phosphate '

Inorganic 0.35 0.35 0.30 0.15 0,20 0.55 0.25 0.20 0.10 0.27

Organic [H 0.15 0,20 0.08 o 0.25 0.20 0.50 0.40 0.20

TOTAL 0,35 0,60 0,50 0.23 0.20 0.80 0.45 0.70 0,50 0.47
Iron

Soluble 5 20 19 ] T4 49 174 132 73 61

Particulate 99 73 87 85 158 191 315 244 145 153

TOTAL 104 23 86 21 230 - 240 488 376 218 214
Tannins =25 <2.5 <25 <2,5 <26 <25 <2.5 <2,8 =2.5 <25
Carbohydrate 3.50 1.68 0.40 1,40 0.35 2,41 1.00 1.50 170 1,55
Organic nitrogen - - - - - - - - - -

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter; carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; 2all other results in ppm.
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Table 21, Station No. 24: Myakka River—at Myakka River State Park

Date /2185 5/ 5/85 5/12/65 5/26/65 6/30/65 8/ 6/65  8/12/65 8/19/85 10/22/85 3/28/66 Meen §
Sample 21 2 43 59 0 1m 154 185 204 230
Water temperature *C 26,0 - 3.5 33.0 1.0 289 295 8.0 26,0 26.0 26.2
H 45 43 5.0 4.8 4.5 4.5 - 45 5.0 45 43 18 4
Turbidity 58 0 40 10 90 80 85 50 65 75 62 1
Chloride . 215 32,5 25.0 51.5 13.8 17.5 12.5 10.0 18.0 20.0 22.8 3
Balinity - - - - - - - - - - - .f
Hardness
Caleium 20 EN 30 20 50 18 20 10 15 30 24 A
Magnesium 25 20 30 50 0 5 5 80 15 20 23 &
TOTAL 45 50 50 70 50 23 25 70 30 60 oow g A
Sulfate 25 25 30 25 25 35 17 12 16 24 23 g 3
Chromate 1] 0 0 ) 0 o 0 0 4] 1] 0 8
Silica 0.75 0.28 0.40 0.62 2.50 1.45 180 110 4.00 0.50 134 & {
Boron 0.4 0.4 0.8 0.3 21 0 0.3 0.4 0.1 L2 0.6 o
Copper 0.005 0.050 0 0.040 0.002 0 0 0.15 0.06 . 0,05 0.042 S
Manganese 0 0 0 0 0 0 0 0 o 0 ) Q
Nitrite 0 0 0 0 0 0 0 0 0.005 0 0 &
Mitrate 10 1.8 1.3 1.0 3.4 3.0 2.4 2.4 2.1 10 Le o
Phosphate S '_.'
Inorganic 15 L1 1.1 - 0.8 19 12 1.25 0.50 10 0.78 1.09 o 5
Organic 0.2 - 0.1 0,49 16 0.3 0.10 0.20 0.1 0.12 0.03 =
TOTAL 1.1 . 1.2 0.85 1.6 L5 1.35 110 11 0.90 L12 _
Iron
Soluble 490 288 170 212 520 a1z 498 a6 318 M 380
Particulate 500 490 665 440 122 154 184 351 191 173 316 3
TOTAL 590 8 825 652 642 566 882 867 509 444 876
3 Tannins <25 <2,5 <2.5 <2.5 <10,0 <5,0 <5,0 <5.0 2.5 <50 <5,0
2 Carbobydrate 1.70 1.85 1.20 L40 1.00 0.40 1.50 1.0 1.30 0.60 1.27

i Organic nitrogen - - - - - - - - - 38.20 -

Organic nitrogen in pg at-N/lter; iron reported in pg Fe/lter; carbohydrate in mg/Hter; turbidity in Jackson Turbidity Units; all other results in ppm,




. RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1966 131
;
. i
;
B Table 22, Station No, 25: Horse Creek— SR T2 Weat of Arcadia. ;
Date 4/21/65 6/ 5/65 6/30/65 0/ 8/65 8/19/65 9/21/65 10/22/65 Mean 5
Sample 22 4 102 152 184 186 203 :
Water temperature °C 20,0 - 20,0 28,5 20.0 21.0 25.0 21,9
pH 5.5 8.0 45 4.5 5.0 6.2 5.0 5.2 :
Turbidity . 28 10 100 95 2] 2 72 62
Chloride 25,0 21.0 150 22.5 15.0 17.5 14.0 19.4
. Balinity - - - - - - - - !
Hardness ‘
Calcium %0 80 30 20 30 100 28 54
Magnesium 50 140 15 10 20 10 " 36 :
TOTAL 140 220 15 30 50 110 a5 %0
Sulfate 23 23 30 25 14 18 15 21 i
Chromate 0 0 0 o 0 0 0 0 . ?
SiMea 2.85 2,25 2.00 3.00 1.80 9.00 8.90 3.51
o Boron 0.4 0.3 2.2 0.1 0.8 0 o 0.5
Copper 0.002 0.05 0 0 0.08 0.02 0,11 0.04
Manganese 0 0 0 ) -0 0 0 0 C
Nitrite 0 0 0 0 0 0 0 0 ‘
T Mitrate 0.6 o 3.3 3.4 1.8 1.8 24 2.0
Phosphate ,
Inorganic 2.40 2.00 2.5¢ 1,80 110 1,15 1.30 1.76 ' |
Organic 0 0 - . 0.40 0.30 0.20 0.10 0.17
TOTAL 2.40 2,00 - 2.30 1.40 1.35 1.40 1.93
Iron
Soluble 164 48 626 521 420 161 332 325
Particulate 128 110 107 287 291 164 249 188 :
TOTAL 201 158 733 88 711 325 581 513 i
Tannins <2.5 <25 <10.0 <100 <100 <5.0 2.5 5.0 ;
Carbohydrate 2.60 1.00 170 1.30 1.60 1.20 1.50 1.56

Organic nitrogen - -

Organic nitrogen in pg at- N/liter; ircn reported in pg Fe/liter;

carbohydrate in mg/liter; wrbidity in Jackson Turbidity Units; all other resalts in ppm.
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[
Table 23.  Station No. 26: Braden River—Highway 64 Near Bradenton.
Date 4/21/65 5/ 5/65 8/ 2/65 6/30/85 8/ 5/65 8/19/65 Mean
Sample 14 32 60 80 2 173
Water temperature *C 26,0 24.5 27.5 29,0 29,0 30.0 2.7
pH 5.0 5.0 5.5 5.5 5.0 5.0 5.2
Turbidity 10 10 15 30 k1] 49 31
Chloride - - E - 245 - -
Salinity 22,95 24.14 28,02 21,04 - 479 -
Hardneas
Calcium - - - - 50 - -
Magnesium - - - - 63 - -
TOTAL - - - - 113 - -
Sulfate »> 300 > 300 > 300 > 3060 130 300 > 300
Chromate 0 [ 0 5 0 0 0
Silica 1.9 0,79 2.2 2.1 4.8 5.0 2.8
Boron 2.6 33 3.9 L7 0 1.5 2.2
Copper 0.13 0.08 0,02 0.05 0 0.05 0.06
Manganese o 0 ] 0 [1] 0 0
Nitrite 0.005 0.006 0.025 0,008 0.028 0,012 0.014
Nitrate 0.1 0.4 0.2 0.4 2.9 0.5 0.8
Phosphate
Inorganic 1.85 1.95 1,40 - 2.00 2,30 Lo 1.88
Organic 0.05 0.05 0.80 0.5 0.40 0.30 0.26
TOTAL 2,00 2.00 2.00 2.15 3,70 2,00 .14
Iron
Soluble 24 18 12 36 326 126 90
Particulate 3 87 93 117 249 142 127
TOTAL 97 105 105 153 575 269 17
Tannins <2.5 <2.5 <25 <2.5 <5.0 <2.5 <25
Carbohydrate 2.70 14,00 2,70 1.20 100 2.70 4,05

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 24. Station No. 27: Joshua Creek— US 27 near Nocatee.
Date 4/21/65 5/ 5/65 6/ 2/85 6/30/65 8/ 8/65 8/19/65 Mean

Sample 20 39 a7 100 150 182
Water temperature °C 28.5 - 26,0 31.0 28.0 30.0 28,7
#H 6.4 8.4 6.4 5.5 5.0 5.0 5.8
Turbidity 10 10 ] 45 85 70 a8
Chloride 47.5 51.¢ 57.5 93.8 30.0 25.5 40,9
Salinity - - - - - - -
Hardneas

Calelum 140 110 160 80 L 40 92

Magnesium 2 80 80 &0 25 45 52

TOTAL 182 180 210 140 5 85 144
Sulfate 5 54 60 80 2 2 58
Chromate 0 0 ] ° 0 0 0
Silica 15 2,75 Lo 6.0 4,0 4.8 3.5
Boron 0.4 0.2 0 0.4 [H 0.9 0.3
Copper 0,009 0.070 0.040 0,001 0 0,040 0.028
Manganese 0 9 0 0 0 0 0
Nitrite 0.004 0 0.001 0.003 0 0,00% 0.002
Nitrute 0.1 1.0, 0.45 X a2 17 1.5
Phosphate

Inorganic 2.1 2.4 2.0 119 1,70 1.70 1.9

Organic 0.4 0.2 0.7 0,78 0.20 6.10 0.4

TOTAL 2.5 2.6 2.7 1,85 1,90 1.80 -
Iron

Soluble 20 74 10 260 456 384 207

Particulate 70 159 62 145 599 808 274

TOTAL 80 233 T2 €05 1055 292 481
Tanning 2.5 <2.5 <1.5 2,5 <25 <25 <3.5
Carbohydrate 1,30 2.72 2.70 3.680 0.70 1,80 2.19

Organic nitrogen

Qrganic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 25, Station Mo, 28; Imperxial River—at Bonita Springs.

Date 4/28/65 5/19/85 6/ 8/65 8/30/65 7/29/85 8/18/85 Mean

Sample 30 54 7 111 140 1688
Water temperature °C 28.0 28.0 - 29.0 26.5 30,0 28.7
pH 8.8 6.4 8.8 8.4 8.2 5.0 8.3
Turbidity 25 a5 15 25 40 40 23
Chloride - 1080 - 60 22.1 17.6 285
Salinity L5 - 384 - - - -
Hardness

Calcium 285 100 - 230 83 55 147

Magnesium 15 270 - 20 12 5 a4

TOTAL 300 370 - 250 5 a0 211
Sulfate 135 140 300 18 13 8 102
Chromate 13 ¢ ) o 0 0 0
Silica 872 8.50 8.80 8,50 5.00 5.00 .44
Boron T o2 o 0.1 1.6 0 0.8 0.5
Copper 0.006 0.050 0,040 0.090 0.040 0,030 0,043
Manganese 0 ] 1] 0 0 0 1]
Nitrite 0 o 0.005 0.002 o 0 0,001
Nitrate ] 0.5 1.2 1.2 L2 1.6 0.9 1.1
Phosphate )

Inorganic 0.25 0,19 0.18 0.30 0.25 0.30 0.25

Organic 0.25 0,11 0.17 0.40 0.45 0.15 0.26

TOTAL 0.50 0,30 0.35 0.70 070 0.45 0.51
Iron

Soluble 38 33 41 222 208 152 116

Particulate 700 580 540 532 370 200 487

TOTAL 738 613 581 754 578 852 603
Tannins <25 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5
Carbohydrate 1,868 L.05 2.70 0.30 1,05 0.60 1.2%

Organic nitrogen - - - - - -

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

earbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm,




RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1966

135
Table 26, Station No, 28: Estero River—East of Estero.
Date 4/28/65 5/19/65 6/ 8/65 6/30/85 7/29/65 8/19/85 Mean

Bample 2% 53 76 110 139 168
Waler temperature *C 35.5 33.0 28.0 32.0 27.5 38.0 32.3
pPH 8.6 6.8 8.8 6.8 8.0 5.0 8.3
Turbl_dity 49 60 95 30 25 21 4
Chloride 85.0 112.§ 85.0 50,0 10.0 20,0 57.1
Balinlty - - - - - - -
Hardness

Calejum 58 90 1314 148 30 40 79

Magnesium 32 50 35 12 10 20 27

TOTAL 90 140 45 160 40 80 108
Suliate 11 32 20 10 8 5 i4 .
Chromate 4 0 [ ] 0 [+] 0
Stlica 1.03 6.8 8.0 6.9 2.1 4.2 8.0
Boron 0.2 0 0 2.6 [ 0.8 0.8
Copper 0,004 0.010 o 0.050 0,000 0,070 0.037
Manganese 0 0 0 Q 4] L] o
Nitrite 0 0 [ 0.001 [1] o o
Nitrate 14 2.7 2.2 1.4 1.1 0.3 1.5
Phosphate

Inorgante 0.35 0,20 0.50 0.25 0.18 0.25 0.29

Organic 0.25 0.30 0.30 110 0,26 0,15 0.39

TOTAL 0.60 0.50 0.80 1.35 0,44 0.40 0.88
Iron

Soluble 115 3 1] 220 112 65 102

Particulate 1048 504 1660 368 122 172 646

TOTAL 1163 517 1686 589 234 237 48
Tannins <25 =<2.5 2,5 <2.5 <2.5 <2.5 <2.9
Carbohydrate 5.65 1,20 10,65 1,50 070 0.60 4,38

Organic mitrogen

Organic nitrogen in pg at- N/liter; iron reported in pg Fe/liter;

carbohydrate In mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm,
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Organic nitrogen
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Table 27, Station No, 30; Hillsborough River—SR 582 near Temple Terrace.
Date 7/ /65 1/26/85 8/18/65 Mean
Sample 115 125 155
Water temperature °C 27.0 26,0 28.0 7.0
pH 5.5 8.0 Y 5.5
Turbidity 40 48 85 51
Chloride 2.5 10.5 1.5 1.5
Sa]inity_ - - - - -
h Hardness
Calclum 5 20 50 48
Magnesium 35 80 20 38
TOTAL 110 80 0 86
Sulfate 22 10 13 15
Chromate 0 Q 0 0
Silica 5.0 4.2 2.0 3T
Boron 0.05 0 0 0.01
Copper o 0.02 0 0,008
Manganese 0 ] 14 4
Nitrite 0 0 '] 0
Hitrate 1.4 2.6 2.2 2.1
. Phosphate
Inorganic 0.20 0.85 1.45 1.08
Organic 0,15 o.10 0.25 016
TOTAL 0.95 095 170 1.19
Iron
Soluble 188 222 325 245
Particulate 83 148 230 154
TOTAL 3 370 555 309
Tannins <25 .5 <10.0 <5.0
Carbohydrate 0.70 0.50 1.00 0.73

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 28, Station No. 31: Hillsborough River— Hillsborough River State Park,
Date 7/ 1/85 1/26/65 8/18/85 9/21/8%5 Mezn
Sample 120 130 160 187
Water temperature °C 27.0 26,0 27,0 26.0 28.5
PH 5.5 5.2 5.0 6.4 5.5
Turbidity 23 42 85 32 46
Chloride 0.0 12.5 2.3 0.0 13.7
Salinity - - - - -
Hardness
Calefum 320 86 40 120 2
Magnesiom 10 35 50 10 26
TOTAL 130 121 90 130 118
Sulfnte 12 12 13 15 13
Chromate [ 0 0 e °
Silica 12.0 10.4 3.5 13,0 9.7
Boron L] Q0.3 o 0 0.07
Copper 0.01 0.01 o 0.02 0.01
Manganese 0 0 0 0 0
Nitrite 0.001 0 1] 0 0
Mitrate 0.9 2.1 2.7 14 L8
Phosphate
Trorganic 140 1,50 1.80 1.90 1.65
Organic 0.45 0.25 0,10 0.20 0.25
TOTAL 1.85 175 1.80 2,10 190
Iron
Soluble 158 226 XY 2 206
Particulate 88 112 213 131 136
TOTAL 246 338 561 223 42
Tannins <35 2.5 <10.0 <3.5 <5,0
Carbohydrate 0.80 0,50 1.00 1.40 0,58
Organic nitrogen - - - - -

Organic nitrogen in pg at-N/liter; iron reported inpg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm.
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Table 2¢. Station No, 32: Alafiz River—US 301 at Riverview

Date T/ 1/65 7/26/65 - 8/18/85 2/21/65 10/22/85 11/30/65 12/28/85 1/26/68 2/23/68 3/25/86 4/27/66 5/25/68 8/28/68 Mean 5

Sample 116 126 156 188 198 205 210 215 220 225 231 238 241
Water temperature "C 20.0 28,5 28,0 . 28,0 24,5 18.5 11.0 15,0 20.0 23,0 24.0 26.0 27.0 23.9
pH 5.0 5.0 5.0 5.0 8.0 5.0 5.0 48 5.0 4.0 5.0 8.0 4.5 5.0 l
Turhidity .8 39 63 30 30 28 15 30 28 49 17 15 30 31
Chloride 375.0 43 6.0 - 320 770 525 57 70 91 - 75 215 -
Balinity - - - 2,19 - - - - - - 4,02 - - -
Hnidne;s

Calcium 380 60 130 - 152 330 250 109 140 130 - 295 230 201

Muagnesium 0 a0 10 - 116 500 170 41 kL] 100 - 255 1o 122 E

TOTAL 380 120 140 - 268 830 423 150 215 230 - 550 ‘240 323 E
Sulfate 170 72 140 30 170 ">300 280 140 180 230 >300 >300 175 211 g
Chromate 0 0 0 0 0 0 0 0 0 0 ] 0 0 0 8
Stlica 30.0 10.4 1.5 28,0 19.0 14,5 14,0 20.0 22,0 25,0 27.0 27.0 22.0 20.8 >
Boron 0.35 0.10 0 0 0.20 0.50 [H 0.30 0.70 1,80 0,80 0,80 0,50 0.47 g
Copper 0,07 0,07 0,10 0.08 0.12 0,08 0,02 0.02 0.22 0.28 0.27 0.20 0,12 0.13 g
Manganese 0.3 0 0 LR ] 0 0.40 ] 0 0 0.30 o 0 0.07 8 _
Nitrite = 0,20 0,004 0 0.009 0.004 0.057 0,020 0.028 0.18 0,316 0.188 0.102 0,010 0.084 %
Nitrate 2,0 1.5 1.8 2.0 2,0 2,5 2,0 2.3 0.7 12 L8 6.4 5.5 2.4 -+ ]
Phosphate §

Inorganic 12.4 140 2.0 15,50 18,0 17.0 16,0 14,5 18,0 13..0 19.0 18.0 22,0 15.7 g

Organie 17.8 10,0 18,0 0.25 0 1.5 7.0 13.0 19.0 8.0 4.0 2.0 35 7.8 2

TOTAL 30.0 24.0 25.0 15.75 18,0 18.8 23.0 7.5 35.0 21.0 23.0 20.0 25,5 23.5
Iron

Soluble 22 105 2 42 36 103 19 27 23 17 20 15 47 55

Particulate 93 238 853 184 191 104 106 198 204 164 T4 55 263 211

TOTAL 115 343 1105 228 227 ot 125 225 227 181 84 70 310 266
Tannins <2.5 <2.,5 2.5 2.5 <2.5 = 3.5 «<2.5 <25 <2.5 <25 «2.5 <2.5 2.5 <25
Carbohydrate 130 1.00 0,80 2.10 1.89 1.95 1,62 1,20 1.82 8.00 4.70 0,95 0.60 1.97
Organie nitrogen - - - - 52,90 8,68 11,89 10.25 26.40 34,80 34,00 16,76 21,58 z4.11

Organic nitrogen in pg at-N/liter; iron reported in pg Fe/liter; carbohydrate in mg/lter; turbidity in Jackson Turbidity Units; all other results in ppm.
lo o2 ¥ »EzEg 8 EQE ., . FER2ZREL|
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Table 30. BStation No. 33; Alafia River—8R 30 near Lithia.
Date 1/ 1/65 7/26/65 8/18/65 6/21/85 Mean
Bample 118 129 159 181
Water temperature °C 28.0 29.0 28.0 28.5 28.6
pH 4.5 5.0 4.0 45 4.5
‘Turbidity k] 42 55 k] 40
Chloride 70 27.5 3.5 55.0 47,5
Salinity - - - - -
Hardness
Calcium 210 0 126 80 127
Magnesiom 90 56 14 130 3
TOTAL 300 146 140 210 200
Sulfate 230 100 148 175 168
) Chromate 0 0 o [ 0
Silica N 38.0 8.0 2.8 1.5 15,1
Borom 0 0.2 ] Q 0.05
Copper ] 0,20 0.08 0.1 0.08 0.13
Manganese 0.8 o 0 0 0.15
Nitrite 0.002 0.013 0 0.020 0.008
Nitrate . 18 2.0 2.0 2.9 2.2
Phosphate
Inorganic 20.0 13.5 13.0 15.0 15.4
Organic . 15.0 16.5 11,0 10,0 13.1
TOTAL 35.0 30.0 24.0 25,0 28.5
Iron
Soluble 142 196 458 0 216
Particulate 201 148 863 286 978
TOTAL 39 342 1319 356 592
Tanoing <2.% <2.5 - 5 2.5
Carbohydrate 1.00 0.90 1.30 1,80 1,28

Organic nitrogen in pg 81-N/liter; iron reported in pg Fe/liter; carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other resulls in ppow

Qrganic nitrogen in pg at-N/liter; iron reported in pg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Tarbidity Units; all other resulis in ppm,

R e e b A 2 A %« sy e s




o . 140 FLORIDA BOARD OF CONSERVATION ,{ ’
Table 31, Station No. 34: Manatee River—US 301 South of Riverview.
Date 7/ 1/85 7/26/65 8/18/85 8/21/85 Mean
Sample 117 127 157 189
Water temperature *C 25.5 28.0 29.0 27,5 2.5
pH 4.5 4.5 4.5 4.5 4.5
Turbidity 58 75 56 50 L]
Chloride 26.0 8.3 1.5 20,0 13.9
Salinity - - i - - -
Hardness
Calclum 20 10 30 15 19
Magnesium 5 10 0 7 ]
TOTAL 25 0 30 22 25
Suliate 12 H 12 12 10
Chromate [ 0 0 ] [
Silica 0.56 2,00 2,45 4.40 2.35
Beron ) 0,10 0.20 0 0 . 0.07
Copper 0,02 0.06 0.02 0.05 0.03
Manganese Q Q ) o 0 .
- Nitrite 0 0 0 [ 0 “‘F
Nitrate 0.9 a3 a2 .90 1.8
Phosphate
Inorganic 1.20 3.00 2,18 1.80 1,80
Organic 0 0,30 0 0.25 0.14
TOTAL ‘ 1.20 2.30 2.18 208 1,93
Iron
Soluble 378 406 364 252 378
Particulate 124 126 243 169 187
TOTAL 5023 822 807 @1 540
Tannins <25 5.0 <6.0 <5.0 <5.0
Carbohydrate 1.20 0,30 0.70 3.00 1.30
Organic nitrogen - - - - -
Orgenic nitrogen in pg at-N/lter; iron reported in pg Fe/lter;
carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm. J
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Table 32. Btation No, 35; Little Manatee River—SR 39— Fort Lonesome
Date 7/ 1/85 1/28/65 8/18/685 8/21/85 Mean
Sample 118 128 158 180
Water temperature *C . 28.0 2,5 29,0 27.5 28.0
P 4.5 5.0 4.5 4.5 4.8
Turbidity a9 85 5 55 71
Chloride 27.5 8.0 L5 20.0 143
Salinity 0 0 o o 0
Hardness
Calelum 20 15 20 15 18
Magnestum & 10 20 7 10
TOTAL 25 25 40 22 28
Sulfate 12 0 15 14 10
Chromate 0 ] 2 [ ]
Silica 2.65 1.95 1.18 .10 1.87
Boton 0.10 0,30 0 0 0,10
Copper 010 0.03 0.05 0.08 0.7
Manganese 0 0 ] 0 0
Nitrite 0 0 0 1] 1]
Nitrate 1.9 2.7 2.3 18 1.2
Phoaphate
Inorganjc 3.0 3.1 2.5 2.2 T
Organic 0.3 0 0.3 0.4 0.3
TOTAL 33 3.1 2,8 2,8 3.0
Iron
Soluble 853 576 588 310 532
Particulate 409 124 478 411 356
TOTAL 1062 700 1068 721 888
Taznnins <10.0 <10.0 <6.0 <5.0 <10.0
Carbohydrate 1,05 0,80 0.60 115 0.85

Organic nitrogen

Organic nitrogen in pg at-N/liter; iron reported Inpg Fe/liter;

carbohydrate in mg/liter; turbidity in Jackson Turbidity Units; all other results in ppm,
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AMINO ACIDS AND ORGANIC NITROGEN
CONTENT IN FLORIDA GULF COAST WATERS
AND IN ARTIFICIAL CULTURES
OF MARINE ALGAE

PATRICIA V, DONNELLY, M., A, BURKLEW, AND ROSE A, OVERSTREET

INTRODUCTION

Nitrogen is a primary limiting factor in the
sea for the production of plankton populations
(Cooper, 1933; Harvey, 1966), The availability
and concentration of the numerous organic and
inorganic nitrogenous substances determine the
fertility of water masses, The majority of the
organic nitrogenous compounds are breakdown
products of marine bacterial enzymatic pro-
cesses on plant and animal proteinaceous ma-
terials (Waksman and Carey, 1935). The com-
plete decomposition of these materials results
in the formation of ammonia, nitrate, and ni-
trite, Phytoplankton utilize inorganic sources
of nitrogen but certain of thege microorganisms
can use simple organic nitrogen substances
{Nishizawa and Riley, 19062; Parsons and Strick-
land, 1962; Baylor and Sutcliffe, 1963; and
Wilson, 1965).

Amino acids, amino-nitrogen, are of special
interest as constituents in sea water because of:
1) their nutritional enhancement to organisms
(Lucas, 1847; Saunders, 1957; Provasoli, 1963;
and Wilson, 1965; 2) their role inCO, transfer,
utilization, and deposition (Neuberg € al., 1957;
and Smith et al., 1960); and 3) their further pos-
sible chemical activity in chelation of ions
{Lucas, 1947; Neuberg and Mandl, 1948; Saun-
ders, 1957; and Hood, 1963), The more subtle
biological effects of chelation by amino acids
should not be underestimated in the complex
interactions between an organism and its en-
vironment, Chelation not only maintains trace
metals-in aveilable forms, but may also render
more favorable the ratios of fhe -major- ions.
Because of these apparent importances, char-
acterization of the amino acids in sea water is
being made (Jefirey and Hood, 1958; Park ei al.,
1962, 1963; Tatsumoto et al., 1961; Palmork,
1963; and Siegel and Degens, 1966).

This study was undertaken to obtain more
precise descriptions of the qualitative and quan-
titative distribution of aminc acids and organic
nitrogen levels in the eastern Gulf of Mexico,
These data are prerequisite for an extensive
interpretation of the relationship of organic
chemical, environmental factors to the phe-
nomena of Red Tide, Also, since the aguatic
communities determine the nitrogenous ma-
terial present, a study of individuals comprising
these communities should enhance our evalu-

ations, Therefore, similar analyses were made
of marine algal cultures grown in artifieial
culture media,

MATERIALS AND METHODS
AMINO ACIDS

Twenty gallons of surface water were col-
lected from each station. Approximately 0.1 g
of mercuric chloride, a metabolic inhibitor, was
added to each b gallons of water, The water was
then filtered, usually within four hours after
collection, through Millipore filters (2 micro-
fiber glass prefilters, one 0,45 g and one 0.22 p
membrane filter) using a positive pressure of
20 psi, To each 5 gallon filtrate was added 50-
60 ml of 2M ferric chloride and 100 m] of 4N
sodium hydroxide. The precipitate was allowed
to settle and the water decanted. The ion ex-
change chromatographic procedure of Tatsu-
moto et al, (1961) was used for the desalting of
the dissolved hydrolyzed precipitates. The
eluate amino acids were separated by two-
dimensional chromotography. The solvents used
were phenol:water (80:20) and butanol:acetic
acid:water (240:60:250)., The resolved amino
acids were identified by ninhydrine reaction.
Except for a reduction in the sample volume the
artificial culture media were analyZed in a
similar manner,

ORGANIC NITROGEN

A modified procedure of Strickland and Par-
sons analysis (1965) was used for the determi-
nation of organic nitrogen in sea water, Water
samples were collecied in clean 500 ml poly-
ethylene bottles with smig-fitting caps and were
chilled. Filtration of the sample through a 0,45
p Millipore filter was usually carried out im-
mediately or within a few hours. The samples
were then frozen.

Analysis was performed in an isolated room
free from ammonia contamination., Reagents,
blanks, and controls were prepared with freshly
deionized water. All glassware was rinsed
thoroughly in deionized water immediately be-
fore use. Samples were thawed and brought to
room temperature before hydrolysis.

A Kjeldahl digestion procedure was em-
ploved to convert organic¢ nitrogen to the am-
monium ion. Duplicate 50 ml sample aliguots
were digested. Each resultant residue was

Lo
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should be expected that & definitive study would
reveal most, If not all, of the known amino
acids in water samples. Tatsumoto {1961) be-
lieves that there is a real variation in amino
acid composition of sea water. We have found a
wide diversity in amino acid composition in our
samples but we believe that these variations
are more quantitative than qualitative, The
amino acids are present but are too low in con-
centration for us to detect them,

REFERENCES
ABELSON, P. H,

1955, Annual report of the Director of the
Geophysical Laboratory, 1954-19855,

Carneg, Inst, Yearbk., 54: 107-109.

BADER, R. G.,, D, W, HOOD, and J.B. SMITH
1960, Recovery of dissolved organic mat-

ter in sea water and organic sorption
by particulate material. Geochim.
et Cosmoch. Acta, 19: 236-243,
BAYLOR, E. R. and W, H, SUTCLIFFE, JR.
1963, Dissolved organic matter in sea
water as a source of particulate food.
Limnol, Oceanog., 8(4): 369-371,
COOPER, L. H. N,
1933. Chemical constituents of biological
importance in the English Channel,
Pt. 1. Phosphate, silicate, nitrate,
nitrite, ammonia. J. Mar. Biol. Ass.
U. K., 18: 871,
ERDMAN, J. G.,, E. M, MARLETT, and W.E.
HANSON
1956, Survival of amino acids in marine
sediments. Science, 124: 1026,
ERICKSON, 8. J.
1964, The isolation and characteristics of
# Chlorella-like green alga from the
west coast of Florida..Fla. Bd. Con-
serv.Mar. Lab. Leaf. Ser,, 1(5): 1-2,
FOGG, G. E.

1952, The production of extracellular ni-
trogenous substances by ablue-green
alga. Proc. Roy. Soc,, B139: 372-391,
FOWDEN, L.
1951, Amino acids of certain algae, Na-
turé, 167: 1030-1031,
HARVEY, H, W,
1966. The Chemistry and Fertility of Sea
Waters. Cambridge University
Press, 240 pp.
HOOD, D. W,
1963, - Chemical oceanography. Ocennogy,

Mav. Riol, Ann, Rev., 1: 129-155,
JEFFREY, L. M, and D, W. HOOD
1958, Organic matter in sea water; and
evaluation of various methods for
isolation, J, Mar. Res.,17: 247-271.
LEWIS, G, J. and N. RAKESTRAW
1855, Carbohydrates in sea water. J, May,
Res., 14: 253-258.
LUCAS, C. E.
1947. The ecological effects of external

) metabolites, Biol. Rev., 22: 270,
NEUBERG, C, and I, MANDL
1948, An unknown effect of amino acids,
Arch, Biochem., 19; 149-161, \
NEUBERG, C., A. GRAUER, M, KREIDAL, and
H, LOWY
1957, The role of the carbonate reaction
in the calcium and phosphorus cycles
in nature. Arch, Biochem. Biophys,,
70: 70-79,
NISHIZAWA, S, and G, A. RILEY

1962, Research in particulate materials
suspended in sea water, p. 150-152,
m D, 8. Gorsline, (ed.), Proceedings
of the First National Coastal and
Shallow Water Research Conference,
National Science Foundation, Office
of Naval Research, Tallahassee, Fla,

PALMORK, K. H.

1963, The use of 2,4-dinitro-1-fluoroben-
zene in the separation and identifi-
cation of amino acids{rom sea water.
Acta Chem, Scand,, 17: 1456-1457,

PARK, K., W, T, WILLIAMS, J. M. PRESCOTT,
and D, W. HOOD

1962, Amino acids in deep-sea water, Sci-
ence, 138: 531-532.

PARK, K., W. T, WILLIAMS, J. M, PRESCOTT,
and D. W. HOOD

18663, Amino acids in Redfish Bay, Texas,
Publ. msi, Mar. Sci., Univ, Tex., 9:
59-63.

PARSONS, T. R, and J, D. H, STRICKLAND

1962, Oceanic detritus. Science, 136: 313-

Wil.a314, _
PROVASOLI, L.

‘v 1963, Organic regulation of phytoplankton

fertility, p. 165-219, In M. H. Hill,
(ed.), The Sea. Interscience Publ,,
New York.
SAUNDERS, G, W,
1957, Interrelations of dissolved erganic
matter and phytoplankton. Bot. Rev.,
23: 389-409,
SIEGEL, A. and E, T. DEGENS
1968, Concentration of dissolved amino
acids from saline waters by ligand-
exchange chromatography. Science,
151(3713): 1098-1101,
SMITH, T.B., M, TATSUMOTQ, and D. W. HOOD
1960. Carbamino carboxylic acid in photo-
synthesis, Limnol. Oceanog., 5(4):
425-431.
STRICKLAND, J. D. H. and T, R, PARSONS
1965, A manual of sea water analysis,
Fish, Res. Bd, Canada, Bull, No, 125.
TATSUMOQTO, M., W. T, WILLIAMS, J. M.
PRESCOTT, and D. W, HOOD
1961. Amino acids in samples of surface
sea water, J, Mar, Res,, 19: 89-96.
VALLENTYNE, J. R,
1957. The molecularnature of organic mat-
ter in lakes and oceans, with lesser




RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1968 93

reference to sewage and terrestrial | nitrogen-fixing blue-green aigae,
soils. J. Fish. Res. Bd. Canada, 14: Arch, Biochem, Biophys., 34 50-55,
33-82, WILSON, W, B,

1965, The suitability of sea water for the
survival and growth of Gymnodinium
breve Davls; and some effects of

VAKSMAN, 8. A, and C, L. CAREY
1935, Decomposition of organic matter in
sea water by bacteria. J, Bacl., 29;

531, phosphorus and nitrogen on its
NATANABE, A, growth, Fla, Bd, Conserv,, Prof,
1951, Production in cultural sohtlon of Pap. Ser, No. 7: 1-42,

some amino acids by atmospheric-

\.

'l'aﬂahuno

SULF OF NEXICO

FIGURE I AMING ACID AND ORGANIC NITROGEN SAMPLING STATIONS.

et et



¥
j 94 FLORIDA BOARD OF CONSERVATION

Teble 1.  Hydrological and Chemieal Deta from CK and HC Aminc Acids Stations

Location Temperatars Salinity
Long, Lat. Date *c Y,
|
‘ CKT-8 BMICW 29 I0'N T/81/64 32,0 33.6
CcK-20 B4 18'W  29°ON'N 8/ 8/84 27.8 33.4
HC3-8 B"09/W 20T BA/N 11/ 8/84 20.5 n.i
HCY 20 83w 13 1WN 11/10/84 1.3 e
HC3-BRI Sawannes River 11/10/64 19.5 .
k HC11-36 M 1o'WW ONN 1/ 8/e5 10,8 s
l nen-a B°3'W 280 15N 3/ 1788 148 "
! *Fragh water sample.

) . . Teble 3. Amino Aclda Demonstrated In Bamples from CK and HC Stations.

1 Stations CcKi1-3 CE-10 HC3-8 HC3-20 HC3-8R1 HC11-38 HC11-42
i Date i/ W L 117 6/54 11710764 11710764 3 9768 3/ 1766
: Alanine + & * & + * %
|1 Arginipe - + - + + & -
L Aspartic Acid ++ + L + e ++ -~
Cysteine - - - - - - -
Cystine - - - - + - %
Gltamic Acid - + + ++ - - e
Glycine + + - ' + & .
Histidine . - - - - - - -
1scleucine * + - + + - -
;. Leucine + - L + * + +
Lysine +* & - & £ -
Methionine - - * - - - -
Phenylalanine . s - - Ve + .
Proline - - - & - - -
4 Berine & + - - & - -
Threonine ' - - - + - - -
Tyrosine - - - - - - -
Valine - - * - - - *
Other - FEVL ) - - - - -
Organic nitrogen 210 22 30 102 k(] / [} 42
Cub&hydnte 5.3 0.98 0.30 0.38 0.13 0.01 0.80
G. brove count Bloom <50,000 0 N3 0 9 - 0

* One unidentified amine actd—R (phenol): 90; M {utancl): 70,

= ¢ not detected; +: trace; + to +++ ! gradation of ninhydrin Intenaity,
Organde nitrogen inpg-at N/litez. Carvohydrate reported in my/liter.
NE8: no sample.




gradation
Organic nitrogen reported in pg-at N/lter,

Cirbohpdrate reported in mp/lter,
* No determination,
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Table 3. Hydrological and Chemical Data from RT Amino Acide Stations
Location Temperatute Balinfty
Long. Lat. Date e 1.
RT1-93 82°387317”W 1T 427057N 8/24/84 1.3 120
Pinellas Point
RT2-02 B2°44-307W 27" 387387N 8/24/04 10 5.3
Mullet Key
RT4-90 82°30/38~#W  27°127237#N 8/11/84 30.8 3.7
Mldnight Pase
RT5-100 B2°20/3T#W  20° 8A/BTMN 8/ 3/04 29.5 35,9
Stump Paas
RTS5-102 82°20737T7”W 26" B53/31T”N 9/14/64 28,5 3.8
Stump Pass
RTS-7% 82°157357”W 28" 43/537N T/18/64 1.3 362
Boca Gramde
RTS-89 82°15/35#W  26°£3/817N 9/ 3/64 30.0 345
Boca Grande
RTe-101 82°15733”W 30" 43/527”N 9/14/04 1.8 29.1
Boca Grande
RT7-08 82°03720”W  26°271712#N 8/ 1/04 3.5 3.5
Sanibel Island
RTB-07 32°53'W 26* 2473078 8/ 1/84 .4 342
San Carlos Pass
RT9-90 st a’w 15" 54/30N 9/ 1/84 303 30.8
Caxambas Pasa
RT11-4 B2*20/08/W 27 53/30N 8/1%/84 . *
Ballast Point
*No determination.
Table 4.  Amino Acide Demonstrated in Samples from RT Stations, 1964,
Station RTI1-93 RT2-93 RT4-#0 RYS-100 RTH-103 RTS-T9 RTS-00 RTE-101 RTI-08 RTE-07 RTI-00 RT11-4
Date 8724764 3734784 8/17/84 5/ 3764  8/14/84  1/13/84 B/ 3784  9/14/84 8/ 1/84 B/ 1704 9/ 1/84 8/12/04
Alanine * & + % + & - & * + *
Arginine i +* - + - - + - - - - & -
Aspartic Acid * ~ -+ L) ++ e + + * - - -
Cysteine - - - - - - - - - - - -
Cystine - - * - & - - - - * - -
Ghitamic Acid + - + * - * - + - Foe - ey
Glycine % - & & & N & - & * % &
Histidine - - - - - - - - - - - -
[soleucine -~ - + - 2+ & - - - - - -
Leucine - + + + + * + - * * + +
Lysine % - * - * * & - % - E
Methionine - - - - - - - - - - - -
Phenylalanine + + + & .- & + + + + + +
Proline - - - - - - - - - - - -
Serine % + H & * F - - - % & %
Threonine - - - - - - - - - - - -
Tyrosine - - F - - - - - - - - -
Valine & - + - e + - - - & & -
Otganic nitrogen 28 23 10 20 M L] ] n n 30 i 33
§ Carbohydrate 0.64 .13 0.87 0.51 0.91 1.48 0.61 0.80 0.47 0,87 .47 .
G. breve count 0 0 0 L] ] 0
- Not detected; &: trace; 4444l of ninlrydrin intenaity.
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Table 5. Chemical and Hydrological Data from RT Stations. , P
V 4. L {r [
Location Temperature  Salinity Organic
Sution Long. Lat, Date Depth ‘c 1. pH Nitrogen
RT1-938 £2°18/327W 31 43/08 N 8/24/04 8 (TR} 2.0 8.3 17.50
Pinellas Point .
RT2-838 81°4730/W RT°I07ISN 7/21/04 8 25.4 38,4 8.5 17.40 |
Mullet Key |
RT2-928 " o : 8/24/64 8 3L0 35,3 6.5 2470
RT3-808 BITM/5I7W XT1S70BY N 5/18/64 ) 20.3 5.4 * o8 |
; Lido Key J
. : RT3-60M " " 5/18/64 1y 28,5 5.8 * 17.90 |
, RT3-B25 " " /20764 8 20.5 11,0 8.1 41,80
'R RT3-1048 - " " 9/21/64 8 27.9 35.3 [%) 19.43
{ RT3-104M " " 2/31/84 1y .9 35.0 8.4 9.43
RT4-598 B"3/387W 31127037 R 5/18/64 8 26.8 34,5 * 36.60
Midnight Pass
RT4-50M " " 5/18/64 iy 20.8 35.0 * 35.12
RT4-813 " " 9/20/64 30.0 6.8 8.3 10.10
RT4-908 " " 8/17/04 8 20.8 8.7 8.3 19.48
RT5-808 82°21/347W 28°83/BT# N 8/ 8/84 8 28.9 KR 8.5 17.84
4 ’ Stump Pass
[ RT5- 1005 " " 8/ /64 8 29,5 35.9 8.1 19.68
| RT5-1028 " " 9/14/04 8 28,5 338 8.4 34,24
! - RT8-685 B2°15/35~7W 26*43/537 N 8/ 8/64 8 20.3 38,3 8.8 19,48
E Boca Grande
b RTS-095 " " 0/ 3/8¢ 8 30.0 345 8.1 15.74]
: RT8-1018 " " 0/14/84 8 1.8 29.1 8.3 26,
RT?-898 92°0272¢7W 18°27713# N 8/ 4/84 8 31.5 35.8 8.7
- Sanibel Ialand et
RT7-988 " " 9/ 1/64 8 33.5 34.5 8.1
RTS-55M RSy W  20°24307N s/ 5/64 ' 249 342 .
Big Carlos Pass
: RTB-55B " " 5/ 5/84 aly
' RT8-668 " " 6/ 2/64 8
RT8-778 " " 7/ /84 8
RT8-888 " - 8/ 4/84 8
RTB-98 " " o/ 1/64 8
RT9-658 S1°42’W  I8B4/30VN o/ 1/64 8 0.8 3.9 8.3 18.4
/ RTH-765 " " 7/ /84 8 -30,1 36,8 8.4 261
RT9-87S " " 8/ 4/84 8 30.0 .1 8.7 16.1
RT9-985 " " 8/ 1/64 8 10,5 38,8 8.3 a1
RT10-758 82°30/38#W 27°507384N 8/22/84 8 2.9 a1 8.4 8.
Weedon Point
- RT10-568 " " 1/21/84 8 1.5 239 X 10,
RT11-748 R2°197°057W 37T'83/ 7N &/23 /84 8 ne 24,8 83 26,
Ballast Point
I *No determimation,
1 Ovganic nitrogen reported in pg-at N/lter,
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Table 8, Amino Acids Demonstrated In Artificial Cultures,

Culture Chlorelia sp. Chiorella sp. Shalsionema sp, Chioreiia #p.
Culture No, 1% 10 120 FE2)
Count/liter Aix106 t8x100 4x106 19x106
Alanine + Y + -
Arginine * - . H -
Aspartic Acid e [y Lyey +
Cysteine - - - -
Cystine * + * -
Gletamic Acld ++ -+ a4 +
Glycine - & + +
Hiatidine - - - -
Isoleucine + + -+ -
Leucine + + ++ +
Lyaine ] ] + -
Methionine - - - -
Phenylalanine + ++ ++ *
Proline - - - -
Sertne & + % *
Threonine - - * -
Tyrosine - - * -
Valine + * ++ -
Organic nitrogen 6280 480 * 49
Carbohydrate 25 0.4 11.2 8.8

- not detected; #: trace; +-+s4: gradation of ninhydrin intensity.
Organic nitrogen reported in pg-at N/liter,

Carbohydrate reported in mg/liter,
* Not Determined.
Table?, BSummary of Occurrence Totals of Amino Acids, Mean Organic Nitrogen,
and Mean Carbohydrate Concentrations.
CK-HC RT AC
Total Bamples 7 12 4
Alanine 7 11 3
Arginine 4 4 1
Aspartie Acid T 1 4
Cysieine ¢ 0 0
Cystine 2 3 3
Glutamic Acid 7 12 4
Glycine ] 10 3
Histidine [ 0 0
Isoleucing | ] 4 3
Leucine 7 12 L]
Lysine L} 8 3
Methjonine 1 [ [
) Phenylalanine 5 12 4
Proline 1 ) 0
Serine 4 L) 4
Threonine 1 0 1
Tyrosine 0 1 1
Valine H [ ] 3
Mean organic nitrogen 0,175 0,042 2.a7%
Mean carbohydrate 1.23 0.88 8.50

CK-HC: offshore stations; RT: inshore stations; AC: artificial culture media of marine algas.
Carbohydrate reported in mg/liter,
Organic nitrogen reported in pg-at N/liter.
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except during periods of greatly increased
drainage. The low chlorinity demonstrated in
the Caloosahatchee was directly due to the
opening of the locks from Lake Okeechobee at
Moore Haven. .

Hardness, Calcium and magnesium (Fig-
ures 6 and 7} in the Manatee and Myakka Rivers
rarely exceeded 50 ppm. There was a greater
variation in the Peace River content with values
greater than 100 ppm,

Sulfate. The sulfate content (Figure 8) of the
Manatee and Myakka Rivers showed little fluc-
tuation and usually did not exceed 20 ppm, The
sulfate in the Peace River varied from 20 to
100 ppm.

Chromate, Chromate was not demonstrable
in any of the samples taken from the rivers,

Silica. The silica content (Figure 9) of the
Myakka and Caloosahatchee Rivers was rela-
tively low, usually not exceeding 5 ppm. The
Alafia River samples contained extremely high
silica concentrations (30 ppm). The Peace and
Manatee Rivers demonstrated a greater vari-
ability in silica content with values exceeding
14 ppm and with other concentrations less than
1 ppm,

Boron, The boron content {Figure 10) in all
rivers was low and was usually less than 1 ppm,

Copper. The element copper was found in
very low concentrations in all rivers (Figure
11), usually less than 0.1 ppm,

Manganese. Manganese was not demonstra-
ted in the south Florida rivers,

Nitrite. Nitrite nitrogen (Figure 12) was
very low in all of the rivers and did not exceed
0.1 ppm.

Nitrate. Nitrate nitrogen (Figure 13) usually
exceeded 1 ppm in the rivers but rarely ex-
ceeded 5 ppm.

Phosphate, The phosphate content (Figure
14) was extremely high in the Alafia and Peace
Rivers; in some samples greater than 30 ppm,
Phosphate mines are adjacent to these rivers,
The Manatee, Myakka, and Caloosahatchee
Rivers have much lower phosphate levels, rarely
greater than 3 ppm and usually less than 1 ppm,

Iron, In all of the south Florida rivers the
particulate iron greatly influenced the total iron
content; the soluble iron remained relatively
constant. The mean ironlevels (400 pg Fe/liter)
of the south Florida rivers (Figure 14) are
much lower than the iron values (677 pg Fe/-
liter) demonstrated in most of the north Florida
rivers (Donnelly et al., 1966).

Tannins. Tannic acids were demonstrable in
all south Florida rivers. Levels as high as
10 ppm were found in the Myakka and Peace
Rivers.

Carbohydrates, The carbohydrate concen-
tration (Figure 18) of the rivers fluctuated
greatly and usually the higher levels could be
assoclated with algal blooms in the waters when
the samples were taken, The levels usually did

not exceed 3 mg/liter but this value is many
times the concentration found in sea water,

Organic nilrogen, None of the organic nitro~
gen levels (Figure 17) demonstrated in the south
Florida rivers were excesaively high, The high
level of organic nitrogen in the rivers in March
1986 may be evidence of a seasonal peak,
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Figure 8.  Monthly sullate levels in south Florida rivers. Figure 9. Monthly silica levels In south Florida rivers., .
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Figure 15, Monthly tannin levels in south Florida rivers, Figurs 18,  Monthly carbohydrate concentrations lnmtnrhna.a.“
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) i
ﬁ Figure 17. Monthly organic nitrogen levels in south Florida rivers. f‘
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CONCENTRATION OF CARBOHYDRAPES
OF THE COASTAL WATERS OF WEST FLORIDA

f

INTRODUCTION
The recurrence of Red Tide along the west
coast of Florida from Marco to Tampa Bay led
to establishment of regular inshore sampling

stations in this area. Samples were collected

for biological and chemical observations and
analyses, These data would perhaps provide
essential background information on the water
composgition in event of a Red Tide outbreak.
Carbohydrate concentrations were included in
the chemical determinations since these or-
ganic compounds are directly important in the
nutrition of some microorganisms and because
they may serve as an indicator of land runoff
and algal blooms,

In this paper an attempt was made to cor-
relate the concentration of carbohydrates with
salinity during the period of May 1964 to Oc-
tober 1964.

MATERIALS AND METHODS

Water samples were collected at assigned
stations, (Figure 1) usually at mid-depth, and
were frozen immediately by placing the poly-
ethylene sample containers in dry ice.

A modified procedure, based on the anthrone
colorimetric assay of Lewis and Rakestraw
(1955), was used to estimate the concentration
of carbohydrate-like substances. After 20 ml
of a 0.1% anthrone reagent was added to 10 ml
of the test sample, the sample was allowed to
cool, and the optical density of an aliquot was
then determined at 630 mp with a Beckman DU
spectrophotometer, To determine the concen-
tration, the optical density of the sample was
compared to a glucose standard curve nomo-
graph. The conirol blank was based on prede-
termined salinities of each sample, The results
were reported as glucose equivalents in mg/-
liter, + 0.21,

RESULTS AND DISCUSSION

In Table 1, chemical and hydrographic data
are cited in fabular form for each sample from
the RT Stations. Temperature, tide, and depth
were {ield observations, Salinities were deter-
mined by Mohr titration. The lowest concen-
tration of carbohydrate was observed at Station
RT-5 the maximum at RT-2 (Table 2.) Mean
of each of the nine stations did not differ ap-
preciably. The small number of samples and
their narrow range precludes further statistical
analyses.

Figure 2 is a graphic illustration of the
monthly fluctuation of the carbohydrate values
related to the salinity determinations. It should

! PATRICIA V. DONNELLY AND MARY A, BURKLEW

be noted that the carbohydrate concentrations

appeared to be Iidependent of the salinity valyes.
There “was 1o apparent correlation of carbohy-

drate concentration to salinity or to tide stages
at these stations,

These data indicate that the concentration of
carbohydrates in coastal waters of west Florida
do not vary appreciably from that of offshore
water. Values of less than 1 mg/liter are us-
ually demonstrable in sea water, but concentra-
tions exceeding 10 mg/liter have been quan-
titated in bloom waters (Collier, 1958). Although
in confined coastal waters higher values would
be expected because of the abundance of metab-
olism and land effluent, these demonstrated
carbohydrate levels resulted from high utiliza-
tion rates and tidal dilution. From this limited
data it may be concluded that at these coastal
stations high concentrations of carbohydrates
do not normally occur,
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Table 1. Carbohydrate Vakies and Hydrographic Data from RT Stations.

Sation RT-1
- Sample
(cHO),

Date
Temp.
Salinity

Depth
Sation RT-2
Sample

(CHO},

Date
Temp.
Salinity
Tide
Depth

Btatlon RT-3
Sample
(CHO),

PINELLAS POINT

8aM T8M
0.56 1.39
5/25/84 8/22/84
1.2 30.4
0.3 0.9
Ebb Ebb
21/27 11/%
MULLET KXY
[ 3. M
0.56 0.80
5/35/04 0/22/84
27.3 30.9
35.0 36.5
Ebb Ebb
21/27 11/2/
LIDO KEY
80M 1M
1.98 1.3
5/18/64 8/15/84
28.5 31.4
8.4 35.3
Ebb Flood
2 1/2¢ 21747
MIDNIGHT PASS
50M TOM
1.88 0.50
5/18/64 8/15/04
26.8 200
3.8 8.3
Ebb Flood
21/, 21/27
STUMP PASS
53M 49M
11 0.50
5/11/84 6/ 8/64
1.1 20,8
3.8 38,1
Fload Ebb
11/2 21/2/
BOCA GRANDR
5TM 88M
1.89 0.47
s/11/84 8/ B/64
27.1 29.1
EY A 38.3
Flood Flood
g &

SANIBEL ISLAND

S6M 8TM
1.48 0.50
8/ 5/84 8/ 3/04
15,5 24,4
7.8 38.8
Plood Flood
11/3 1178

1142405 N
34M
0.72
1/27/04
27.4
32.0
Ebb
2172/
17°387357N
oM
0.83
7/27/04
5.4
36.4
Fiood
21/3
27°197087K
82M
0.72

1/20/04
30.4
37.0
Ebb
3’
17127137 N
81M
0.23

7/20/64
30,0
6.8
Ebb
3
28'83/5T#N
80M
1,32

7/13/64

38.8
Flood
21/2
16 4353 7N
oM
1.45

7/13/64
313
38,2
Flood
3

210°27712#N
78M
0.64

T/ /84
LS
37.7

Flood
3173/

82°38/93 YW
23M
1.04
8/24/04
30.8
2.9
Ebb
11/2
82 447307W
92M
2,13
8/24/84
3.0
35.4
Flood
31/2/
82°34/827W
#1M
1,13
8/17/84
31.2
1.0
Ebb
i1/27
82°307307W
0M
0.87
B/17/84
30.8
3.7

a2 2073T7W
100M
0.51
9/ 8/84
29,5
35.9
Ebb
3
82°15°367W
M
0.51
v/ 3/84
30.1
34,8
Flood
4
027307 W
80M
1.20

8/ 4/04
32.0
352

Ebb
31/3/

looM
0.51
0/268/64
7.3
26.9

Ebb
a7/

105M
0.57

5/25/64
27.2
2.1
Ebb

21/%

104M
0.45
8/21/04
27,9
36.1

Flowd
21727

10IM
0.30
9/21/64
7.2
36.8

Fload
21727

102M
0,91
9/14/84
28,5
3.8

Ebb
37

101M
0.8¢

9/14/04
277
29,1
Ebb

ar

98M
0.47
o/ 1/64

334

M5
Ebb
31/a*

115M
0.39

10/19/64
24,2
0.5

Flood
3y

114M
0.7¢
10/10/04
23,0
35,0

Flood
3s

113M
013
10/12,/84
24.1
35.4
Etb
21/2¢

112M
0.80

10/12/84
24,3
20.5

Ebb
21727

111M
0,50

10/ 6/84
2

X]
8.4
Flood
21737
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RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1963-1968

"1, Station RT-8 BIG CARLOB PASS 18247307 N 82°53'W
| Sample 55M 86M ™ M oTM
{CHO), 1.85 0.73 0.98 1,45 0.87
Date 8/5/04 ¢/ 2/84 T/ /84 8/ 4/64 9/ 1/84
Temp. 4.9 29.4 9.8 30,5 .3
Salinity 37.8 3.8 35.7 34,3 342
Tide Flood Flood Flood Ebb Ebb
Depth 11/2/ 21/ 2172/ 21/27 as
Station RT-9 CAXAMBAS PASS 28°847307”N 81* 43°W
Sample BAM &5M M M 26M
(cHO), 1.68 0.2 0.64 1.38 0.47
Date 5/ 5/84 8/ 2/64 N/ /84 8/ 4/84 9/ 1/64
Temp, 156 2.8 30.1 20.5 30,8
Salinity 38.9 .9 3.8 1 28.8
Tide Flood Ebb Flood Flood Ebh
Depth 11/ 112 21787 3172/ Y

110M
0.50
10/ 6/04
26.2
34.3

Flood
11/27

108M
0.83
10/ /84
26.8
5.2

Ebb
F1

M — mid deptl; salinity in X.; date-date of sample collection; carbohydraie viines in mg/liter,
ghucose equivalents, L

Table 3, Coocentrations* of Carbohydrates in RT Samples from
West Coast of Florida,

Minimum Maximam ) Mean
RT-1 051 1.3 0,84
RT-2 ' 0.5 213 0.0
RT-3 0.38 1.98 0.08
. RT-4 0.23 1,88 0.73
’f’,& RT-5 0.2 173 0.05
- U'L ~ FT-6 0.47 1.8 1.00
o ; \‘m-v 0.47 1.45 0,70
% \‘n'r-n 0,50 165 1.08
Cf?—jm‘“ RT-9 0. 1,08 0.08
¢
*mg/liter, ghicose equivalents.
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RED TIDE STUDIES, PINELLAS TO COLLIER COUNTIES, 1063-1968 g1

then diluted to a 50 ml volume with deionized

. water,

The ammoniacal concentration was deter-
mined colorimetrically by diazotization of NO, ™.
Following the acid hydrolysis, the sample was
reacted with alkaline hypochlorite, converting
the ammonium ton to nitrite, A coupling of the
NO,~ with sulfanilamide in an acid medium
preceded the diazotization with N-1-napthylethy-
lenediamine dihydrochloride, The characteris-
tic pink to deep rose color was developed, The
optical density was determined with a DU spec-
trophotometer at 540 mp. A delonized water
blank, 23.0 pg-at N/liter control, and a digested
water blank were analyzed with each group of
samples, Results were reported inpg-at N/liter,

CARBOHYDRATES
Carhohydrate concenirations were determined
by the procedure of Lewis and Rakestraw (1955).

SALINITY AND pH

Salinity and hydrogen ionconcentrations were -

determined by the procedures of Strickland and
Parsons (1965).

CULTIVATION OF MARINE ALGAE

The culture media from two species of ma-
rine algae, Chlorella sp. (Erickson, 1964) and
Skeletonema sp., were analyzed. These micro-
organisms were isclated and cultured by the
Florida Board of Conservation Marine Labora~
tory. The cells were removed from the medium
before analysis.

RESULTS AND DISCUSSION

' The geographic locations (Figure 1) and hy-
drologic data for each of the samples analyzed
for amino acids are listed in Tables 1 and 3.
With the exception of HC3-SR1, which was taken
from the Suwannee River, all samples were
taken from estuarine or neritic water masses.

The CK and HC samples (Table 2) were ob-
tained from areas associated with a bloom of
the Red Tide dinoflagellate, Gymnodinium breve,
Sample CK 7-8 wag takten during a bloom of

G. breve and the demonstrated organic nitrogen

and carbohydrate values were exceptionally
high, Aspartic and glutamic acids were the
major amino acids identified. In sample CK 20,
which also contained the Red Tide microorgan-
ism, an unidentified amino acid-like substance
was revealed in heavy concentration. High
amounts of leucine and isoleucine were also
resolved from this sample, A comparison of
the amino acid distributionof these two samples
(CK 7-8 and CK 20} with samples HC3-8, HC3-
20, HC11-42, and HC11-36, which contained no
demonstrable G. breve, revealed that only CK
20 exhibited a significant variation (a lower
aspartic and glutamic acid content and the un-
identified ninhydrin reacting substance). The
Suwannee River sample had an amino acid

distribution similar to that of the sea water
samples. The demonsirated organic nitrogen
and carbohydrate concentrations of all samples
differed only slightly with the exception of CK
7-8, which was taken from bloom waters, As-
partic acid, glutamic acid, leucine, and isoleu-
cine were found in greatest distribution and
concentration.,

The RT samples were taken from the south-
west estuarine coastal waters of Florida in
which Red Tides have occurred (Table 4), There
was no G, breve bloom during our sampling.
Aspartic acid, glutamic acid, leucine, and phe-
nylalanine were demonstrated in all samples.
Threonine, proline, methionine, histidine, and
cysteine were not detected in these samples,
The organic nitrogen levels (Table 5) at these
stations were higher than the accepted 1 to 20
pg-at N/liter for sea water. Higher nitrogen
levels can usually be demonstrated in coastal
waters because of the land effluent and higher
productivity.

Three separate cultures of Chlorella sp, and
one culture of Skelefonema sp. were analyzed
for biochemical constituents (Table 6). The
organic nitrogen content of the Chlorella media
differed substantially but the carbohydrate con-
centrations of these three cultures varied only
slightly. The Skelelonema sp. carbohydrate
was almost twice the amount of the Chlorella
cultures, A comparison of the amino acids in-
dicated that aspartic and glutamic acid were
present inall cultures and usually at high levels.
Leucine, phenylalenine, and serine were also
found in each culture, Histidine wasnotdetected
in any of the cultures. This observation is con-
sistent with Fowden (1951) who found histidine
below the detection levels in algal cultures,
Chlorella cultures 215 and 219 were very sim-
ilar in amino acid content and the skelefonema
amino acids varied only slightly from these. It
is believed that the low organic nitrogen dem-
onstrated for Chlovella culture 233 affected the
detection limit of some of the amino acids in
this culture medium, resulting in the greater
qualitative variation. The demonstrated amino
acid composition of these media denotes only a
possible distribution since under other cultural
conditions the protein composition and liberated
substances of a single species may differ more
than the differences between species.

A summary of the amino acids resolved, or-
ganic nitrogen and carbohydrate means in all
samples is given in Table 7. Cysteine and his-
tidine were too low in concentration for detec-

" tion in any of the samples. Alanine, aspartic

acid, glutamic acid, leucine, and phenylalanine
were found in the majority of samples, usually
in relatively high concentrations, These find-
ings are in agreement with Tatsumoto etal.,
{1961), The other amino acids varied in con-
centration and distribution, Even though the
organic nitrogen in sea water is exiguous, it

o T
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FLORIDA BOARD OF CONSERVATION

Table 5. Chemlical and Hydrological Data Irom RT Stations.,

e e B A

Location Temperature  Salinity Organic
Station Long. Lat. Date Depth C L HH Nitrogen
RT1-938 | 82*987327W 3T 427057 N 8/24/64 s a2 22,9 8.3 27.50
Pinelias Potnt
RT2-838 82°44/30~W 27°38/35# N 7/21/64 8 25.4 36.4 8.5 17.40
. Mullet Key '
RT2-928 " " 8/24/64 L0 35.3 8.5 24.70
RTS-808 82°3475277W 27°197087 N 5/18/64 s 29.3 35.4 * 43.84
Lido Key
RY3-60M " " 5/18/64 LA 285 5.8 * 17.80
RT3-828 " .. 1/20/64 s 30.5 7.0 8.1 41.80
RT3-1045 " n 9/21/64 8 21.9 35.3 8.3 19.43
RT3-104M " " 9/21/64 iy 21.9 35.0 8.4 9.43
RT4-598 §2°307387W 27°12/227N 5/18/64 3 26.6 34.5 * $6.60
Midnight Pass
RT4450M " " 5/18/64 LA 26,6 5.0 * 35.12
RT4-818 " " 7/20/64 ‘s 30.0 36.8 X} 10,10
RT4-908 " n 8/11/64 8 30.8 38.7 8.3 19.48
RT5-695 §2°21/3477W 26°83/5T# N 6/ 8764 s 8.0 38.7 8.5 17.84
Stump Pass
RT5- 1008 " n 9/ 3/64 s 29.5 359 8.1 19.68
RT5-1025 L " 9/14/64 s 20.5 33,6 8.4 3424
RT6-688 82°15-357W 26°43/527 N 8/ 8/64 8 29.3 38,3 8.6 19.48
Poca Grande
RTE-998 " " 9/ 3/64 ] 30.0 34.5 8.1 1594
RT6-1018 " " 9/14/64 s 27.8 20.1 8.3 26.40
RTT-895 82°02/207W 26°27712# N 8/ 4/64 8 s 35.8 8.7 18.35
Sanibel 1sland
RT?-088 " " 9/ 1/84 8 33.5 34.5 8.1 22.30
RT8-55M 82°53/w  26°247307 N 5/ 5/64 1 24,9 Mz * 26.21
Big Carlos Pass
RTS-55B " " 5/ 5/64 2l 24,9 37.9 » 22.68
RTE-668 " " 8/ 2/64 8 20.4 38.8 8.5 36.52
RY8-118 " " 1/ 1/84 ] 26.9 5.7 8.8 41.48
RTS-885 " " 8/ 4/64 ] Lo 4.2 8.8 17.72
RTS-978 " " 9/ 1/64 ] LI 342 8.4 30.24
RT9-655 81%42/W 257547304 N 6/ 1/84 8 20.5 3.9 8.3 18.92
Caxamhbas Pass
RT9-165 " " 1/ /64 s 30.1 3.6 8.4 26.20
RT9-878 " " 8/ 4/84 s 20,0 .1 8.7 18.72
RT9-968 " " 8/ 1/64 s 20.5 36.8 8.3 21.36
RT10-758 82°367367W 27°507357N 8/22/64 s 2.8 s 8.4 26,06
Weedon Point
RT10-863 " " 7/21/64 s 27.5 23.9 1.8 40.81
RT11-748 82°29/057”W 271°53/397N €/22/64 8 3.6 24,8 8.3 26.75

Ballast Point

*No determination.

Organic nitrogen reported in pg-at N/liter,

-"‘L,q e
oy ‘W'W‘m"—‘ - 2 4
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86 FLORIDA BOARD OF CONSERVATION
Table 5. Chemical and Hydrological Data from RT Stations,
Location Temperature  Salinity Organie
Station Long. Lat, Date Depth ‘c L 3 Nitrogen
RT1-938 82°387327W 2T°427057 N 8/24/64 ] 31.2 22.9 8.3 27.50
Pinellas Point
RT2-835 82°447307W 27°387357 N 7/31/64 s 25.4 6.4 8.5 17.40
: Mullet Key )
RT2-925 " " 8/24/64 s 3.0 35.3 8.5 2490
RT3-608 82°34/6277w 27°19/087 N 5/18/64 ] 20,3 354 . 43.84
Lido Key
RT3-60M " " 5/18/64 LAl 28,5 25,8 * 17.80
RT3I-828 ¥ .o" 1/20/684 8 30.5 7.0 8.1 41.80
RT3-1043 n " 9/21/64 H] 7.9 36.3 B3 19.43
RTS-104M ° " " 9/21/64 1Yy 27.9 35.0 8.4 0.43
RT4-598 82°30/387#W 27°12/237 N 5/18/64 8 28.6 34,5 . 38.60
Midnight Pass
RT4:59M " " 5/18/64 11/4' 26.6 35.0 * 35,12
RT4-818 " " 1/20/64 ‘s 30,0 38.8 &3 10.10
RT4-903 ”» hd 8/17/64 s 30.8 36.7 8.3 15.48
RT5-695 B2°217347W 26°537577 N &/ 8/64 8 28.9 38.7 8.5 17.84
Stump Pass
RTS5-1008 " " 8/ 3/64 8 29.5 35.8 8.1 19.66
RTS5-1028 " " 0/14/64 5 8.5 336 8.4 34.24
RT8-688 82-'15’35”w 2643752 N 8/ 8/64 8 29.3 38.3 8.8 19.48
Boca Grande
RT¢-998 " " 8/ 3/64 8 30,0 345 8.1 15.94
. RT8-1018 " " 8/14/64 s . N8 2901 8.3 26.40
RT7-898 B2°027207W 26°27712# N 8/ 4/64 8 3.5 35.8 8.7 18.35
Sanivel Island
RT7-983 " " 9/ 1/64 8 33.5 b 8.1 22.30
RTS8 55M |t v w 26°247307 N 5/ 5/64 1 ue 3.2 . 26,21
Big Carlos Pass
RT8-55B . " " 5/ 5/64 2l 24.9 e . 22,68
RTE-668 . " " 6/ 2/64 ] 0.4 |1 S 8.5 36.52
RT§-T18 " " T/ 1/64 ] 29,9 35.7 8.8 41.46
RT8-888 " " 8/ 4/64 8 3.0 4.2 8.8 17.72
RT8-975 " " 9/ t/64 8 .4 34.2 3.4 30.24
RT3-655 B1*42/W 2554307 N 8/ 1/64 s 29.5 37.9 8.3 18,92
Caxambas Pass
RT9-768 " " 7/ 1/64 8 30.1 38,8 8.4 26.20
RT9-878 " " 8/ 4/64 s 30.0 a7.1 8.7 16.72
RTH-9E5 L " 8/ 1/64 8 30.5 36.8 8.3 231.36
RT10-758 82°36/38~W 27°50/35//N 6/22/64 8 32.8 FIR ] 8.4 36.06
Weedon Point
RT10-868 " " 1/21/64 -] 27.% 23.9 1.8 40.81
RT11-748 82°29/057#W 27°53/30~N 6/23/64 ] 33.8 .8 8.3 26,75
PBallast Point
*No determination.
QOrganic nitrogen reported in pg-at-N/lter,
N I A R e
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Table §. Chemical and Hydrological Data from RT Stations.
. Location Temperature  Salinity Organic
Station Long. Lat, Date Depth ‘c L PH Nitrogen
RT1-838 §2°387327W 27°42705% N 8/24/84 s 31.2 22,9 8.3 27.50
Pinellas Point ’

RT2-838 82744730W 27°387357 N 1/21/64 8 25.4 36.4 85 17.40

. Mullet Key ’
RT2-928 " " 8/24/64 Lo 35.3 8.5 24.70
RT3-608 82*34752/7 W 27°19708” N 5/18/64 0.3 35.4 * 43,84
' Lido Key

RT3-60M " " 5/18/64 l%‘ 8.5 35.8 * 17.80

RT3-828 " " 1/20/64 3 30.5 0 8.1 41.80

RT3-1048 " " 9/21/84 8 21.9 36.3 8.3 19.43

RT3-104M " " 9/21/64 1’14' 27.9 35.0 8.4 $.43

RT4-598 82°307387W 27°127227” N 5/18/64 ) 26.6 45 * 36.60
Midnight Pass

RT4-55M " " 5/18/84 lh' 26.6 35.0 * 35.12

RT4-815 " " 1/20/64 ‘s 30.0 36.8 8.3 10.10

RT4-90S " " B/17/64 s 30.8 36.7 8.3 19.48

RT5-698 B2*217347W 26°53/57T”N 6/ 8/64 3 28.9 38.7 8.5 17.84
Stump Pass

RT5-1008 " " 8/ 3/64 3 8.5 35.9 8.1 19.68

RT5- 1028 " " 9/14/64 s 28.5 33.8 8.4 34.24

RT6-688 82°16/35//W 26°43/527 N 6/ 8/64 ) 293 38.3 8.8 19,48
Boca Grande

RT6-998 " " 9/ 3/64 30.0 34,5 8.1 15.714

RT6-1018 " " 9/14/64 . 318 29.1 8.3 26,40

RT7-898 82°027207W 26°27/12#/ N 8/ 4/64 S 31.5 35.8 8.7 18.3%
Sanibel Island

RT7-583 " " 8/ 1/64 -3 33.5 345 8.1 22.30

RT8-55M B2°537 W 267247307 N 8/ 5/64 i 24.9 M2 . 26,21
Big Carloa Pass

RTS-55B " " 5/ 5/64 2%’ 24,9 37.9 * 22.68

RTS-665 " " 8/ 2/64 8 w4 28.8 8.5 36,52

RTB-778 " ” 1/ 1/64 8 29.9 5.7 8.6 41.46

RTS-883 " " 8/ 4/64 8 3.0 34.2 8.8 a2 -

RT8-978 " " 9/ 1/64 -] 3.4 34.2 8.4 20.24

RT9-658 81°42/W 25°54730’N 6/ 1/64 8 29.5 .9 8.3 18.82
Caxambas Pass

RT9-7638 " ”* 1/ 1/64 8 w4 8.8 8.4 26,20

RT9-878 " - 8/ 4/64 8 30.0 N1 8.7 18.72

RT9-868 " " 9/ 1/64 8 30.5 36.8 8.3 11.36

RT10-155 82°36-38#W 27750735/N 6/22/64 ] 3z 27.5 8.4 36.06
Weedon Point

RT10-86S " " 1/21/64 -] 21.5 239 1.6 40.81

RT11-748 82°207057W 27°53739~N 8/22/64 8 33.8 248 8.3 26.75

Ballast Point

*No determination,

Organic nitrogen reported in pg-at N/liter.

-~ OO0



Table 1.

FLORIDA BOARD OF CONSERVATION

Carbohydrate Values and Hydrographic Data from RT Stations,

Station RT-1
Sample
(CHO)x
Date
Temp.
Salinity
Tide
Depth

Station RT-2
Sample
(cno),
Date
Temp.

_Salinity
Tide
Depth

Station RT-3
Sample
{cHo),
Date
Temp.
Salinity
Tide
Depth

Station RT-4
Sample
(cHO),
Date
Temp.
Salinity

Tide
Depth

Station RT-5
Sample

{cHO),
Date
Temp,
Salinity
Tide
Depth

Station RT-6
Sample

{cHO),
Date
Temp,
Salinity
Tide
Depth

Station RY-7
Sample
(CHO),

Date
Temp.
Salinity
Tide
Depth

PINELLAS POINT

62M . 3m
0.56 139
5/25/64 6/22/64
na2 30.4
203 30.8
Ebb Ebb
21/2 2137
MULLET KEY
1M ZM
0.56 0.90
5/25/64 8/22/64
.27 30.9
35.0 36.5
Ebb Ebb
21/2/ 21/27
LIDO KEY
80M TIM
1.98 1.23
5/18/84 6/15/64
28.5 314
38.4 38.3
Ebb Flood
21/27 21/4
MIDNIGHT PASS
59M 70M
1,66 0.50
5/18/64 8/15/64
26,6 29.9
37.8 98.2
Ebb Flood
21/27 21/27
STUMP PASS
58M soM
1.73 0.50
5/11/64 8/ B/64
271 28.8
.5 38.7
Flood Ebb
21/2/ 21/22
BOCA GRANDE
5TM 68M
1,89 0.47
5/11/64 8/ 8/64
7.1 291
3.7 38.3
Flood Flood
4+ 'y

SANIBEL ISLAND

S6M 8iM
1.45 0.50
5/ 5/64 8/ 2/64
25.5 29.4
37.6 38.8
Flood Flood
21727 2 1/27

17437057 N
[L1.]
0.72

1/21/84
274
320
Ebb

21/2

27°38735#N
83M
0.83
1/27/84
L 254
36.4
Flood
21/2/
27°19708~7N
B2M
0.72

7/20/64
30.4
317.0
Ebb

3

27°127227N
B1M
0.23

7/20/64
30.0
36.8
Ebb

3’

26°53/5T7N
80M
1,32

1/13/64
312
36.8

Flood

21727

26" 437527N
M
1.45

1/13/64
s
36.2
Flood
sl

26°27/127”N
M
0.64

1/ 1/64
35
1.t
Flood

2 /2

82°38732 W
1M
1.04
8/24/64
30.8
22.9
Ebb
212
B2°44/304W
2M
2.13
8/24/64
.0
35.4
Flood
2127
82734752 7W
IM
1.13
8/17/64

.o
Ebb

21/37
B2°30/387W
20M

0,87

8/17,/64

30.8

36.7

Ebb
31-
82°20°317W
100M

0.51

W/ 3/84

29,5

35,9

Ebb
3’

82715/357W
M
0.51

9/ 3/64
0.1
34.5
Flood
47

82°02/207W
BSM
1.20

8/ 4/64
32.0
35.8
Ebb

21/37

106M
0.51

9/28/64
213
26.9
Ebb

27

losm
0.57

5/25/64
27.2
2.1
Ebb

2172/

104M
0.45
9/21/64
21.5
26.1
Flood
21727

lo3M
0.30

9/21/64
an.z
36.8

Flood

2172/

102M
0.61

9/14/64
28.5
33.8

Ebb
s

10iM
0.89

9/14/64
271
29,1
Ebb

3

98M
0.47

9/ 1/64
33,4
34,5
Ebb

21727

115M
0.38-
10/19/64
24.2
36.5

Flood
3’

114M
0.78
10/19/64

3.
36.0
Flood
37

113M
6.13

10/12/64
24,1
35.4
Ebb

21/27

1i2M
0,80

10/12/64
24.3
30.5
Ebb

2 1/27

1M
0.50

10/ 6/64
26.1
26.4
Flood

21727
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Table 1.

FLORIDA BOARD OF CONSERVATION

Carbohydrate Values and Hydrographic Data from RT Stations.

Station RT-1
Sample
(CHQ),
Date
Temp.
Salinity

Tide
Depth

Station RT-2
Sample
(CHO),

Date
Temp.
_Salinity

Tide
Depth
Statlon RT-3

Sample
(CHO}),
Date
Temp.
Balinity

Tide
Depth

Station RT-4
Sample
{Cna),

Date
Temp.
Salinity
Tide
Depth

Station RT-5
Sample
{CHO),

Date
Temp.
Salinity
Tide
Depth
Station RT-6
Sample
(CI"IO)x

Date
Temp.
Salinity
Tide
Depth

Station RT-7
Sample
(CHO),

Date
Temp,
Salinity
Tide
Depth

PINELLAS POINT

g2M 73M
0.56 1.39
5/25/64 6/22/64
7.2 30.4
29.3 30.9
Ebb Ebb
21/2 21/2/
MULLET KEY
61M 2M
0.56 0.80
5/25/84 6/22/64
IR 30.9
35.0 36.5
Ebb Ebb
21/27 31/27
LIDO KEY
60M TIM
1.98 1.23
5/18/64 €/15/84
28.5 31.4
384 38.3
Ebb Flood
2 1/2¢ 21/4
MIDNIGHT PASS
59M T0M
1.66 0.50
5/18/64 6/15/64
6.6 .
37.8 38.2
Ebb Flood
2 1/2¢ 21/2s
STUMP PASS
58M 69M
1.73 0.50
5/11/64 6/ 8/64
7.1 28.8
1.5 28.7
Flood Ebb
31/2/ 321/27
BOCA GRANDE
5™ €8M
1.89 0.47
5/11/64 6/ B/64
27.1 29.1
31.7 38.3
Flood Flood
Yy 4
SANIBEL ISLAND
56M 1M
1.45 0.50
5/ 5/64 8/ 2/64
25.5 20.4
37.6 38.8
Fiood Flood
21/27 21/27

27°42/057N
84M
0.72
1/21/64
27.4
32.0
Ebh
21/2¢
27°38735#N
8IM
0.63
1/27/84
. 354
36.4
Fiood

2172/
27°19/087N
B2M
0.72

7/20/84
30.4
3.0
Ebb

3

7127227 N
81M
0.23
9/20/64
30.0
36.8
Ebb
,I
26°53/5T#N
80M
1.32
1/13/64
3.2
26.8

Flood
21737

267 43/52/#N
oM
1.45

7/13/64
31.5
36.2

Flood
3

26°27/12#N
T8M

0,64

7/ 1/64
LIRS
1.7
Flood

21727

82°38733/W
93U
1.04
8/34/64
30.8
129
Ebb
2127
82 44/307W
82M
2.13

B/24/64
3.0
35.4
Flood
21/27
82°34752 /W
81M
1,13

8/17/64
31,2
37.0
Ebb
21727
82°30/387W
90M
0.87
8/17/64
30.8
F A
Ebb
37
8220231 0W
100M
0.51
o/ 3/84
20.5
35.9
Ebb
3/
82 15357 W
M
0.51
9/ 3/64
30.1
345
Flood
47
82°02,207W
89M
1.20
8/ 4/64
32,0
35.8

Ebb
21/22

106M
0.51

9/28/64
213
26.9
Ebb

zl

105M
0.57

5/25/64
27.2
32.1
Ebb

21737

104M
0.45
9/21/64
27.9
36.1
Flood

‘21727

103M
0,30

9/21/64
.2
36.6

Flood

21727

102M
0.01

9/14/64
28.5
33.8
Ebb

37

101M
0,89

8/14/64
273
20.1
Ebb

al

98M
0.47

9/ 1/64
3.4
4.5
Ebb

2 1/27

115M
0,33

10/18/64
24,2
38.5

Flocd
37

114M
0.79

10/19/64
23,0
35.0

Flood
3’

113M
0.13

10/12/64
24.1
35.4
Ebb

21/27

112Mm
6.80

10/12/64
243
30.5

Ebb
11/24

111M
0.50
10/ 6/64
26.7
268.4

Flood
21727




il ki

e

gg

Table 1,

FLORIDA BOARD OF CONSERVATION

Carbohydrate Values and Hydrographic Data from RT Stations,

Station RT-1
Sample
(CHO},
Date
Temp,
Salinity
Tide
Depth

Statlon RT-2
Sample
(cro),

Dute
Temp.

. Balinity
Tide
Depth

Station RT-3
Sample
{cHO),
Date
Temp.
Salinity

Tide
Depth
Station RT-4
Samgple
(cHO),
Dale
Temp.
Salinity

Tide
Depth

Station RT-5
Sample
(CHO),

Date
Temp.
Salinity
Tide

Depth

Station RT-6
Sample
(CRO},

Date
Temp.
Salinity
Tide
Depth

Station RT-17
Sample
(CHO),

Date
Temp.,
Salinity
Tide
Depth

PINELLAS POINT

é2M M
0.56 1.39
5/25/64 6/22/64
27.2 30.4
20,3 30.9
Ebb Ebb
21/% 21/37
MULLET KEY
61M 2M
0.56 0.90
5/25/84 6/22/64
L2213 0.9
35,0 36.5
Ebb Ebb
21/ 2172/
LIDO KEY
80M 1M
1.88 1.23
5/18/64 6/15/64
28.5 314
38.4 38.3
Ebb : Flood
2172/ 21/4”
MIDNIGHT PASS
59M T0M
1.66 0.50
5/18/64 8/15/64
26.6 X
3.8 38.2
Ebb Flood
21727 21/27
STUMP PASS
5eM eoM
1.73 0.50
5/11/64 6/ 8/64
27.1 28.8
1.5 387
Flood Ebb
2152/ 21/27
BOCA GRANDE
5T™ 88M
1.89 0.47
5/11/64 8/ 8/64
27.1 29,1
1.1 38,3
Flood Flood
e 'y

SANIBEL ISLAND

56M 6T™
1.45 0.50
5/ 5/64 6/ 2/64
. 255 29.4
37.8 8.8
Flood Flood
21/27 21/22

405N
84M
0.72
/27 /64
27.4
32.0
Ebb
2172
27°38735”N
83M
0.83
7/27/84
. 35.4
38.4
Flood
212/
2719708~ N
M
072
1/20/64
30.4
3.0
Ebb
IY)
aMr1272277N
81M
0.23
7/20/64
30.0
8.8
Ebb
5
268°53/5T”N
80M
132

7/13/64
32
38.8

Flood

21/

26° 4375377 N
oM
1.45
1/13/64
3%
36.2
Flood
¥
262741278
M
0.64

1/ 1/64
3.5
37T
Flood

21/27

82"3ssa2mw
M
1.04

8/24/64
30,8
22,9
Ebb
2172/
B2 447307W
92M
.13
8/24/64
Lo
35.4
Flood
2102
82°34s52W
9iM
.13

8/17/64
31,2
3.0
Ebb
21727
B2°30,387W
SOM
0.87

8/17/64
30.8
36.7
Ebb
3
82°20-21 /W
100M
0.51
9/ 3/64
29.5
35.8
Ebb
[ 14
82°15/357W
%M
0,51

9/ 3/84
30.1
3.5
Flood

Py

82°02720W
89M
1,20

8/ 4/64
2.0
5.8
Ebb

21/27

106 M
0.51
8/28/64
7.3
26.8

Ebb
27

105M
0.57
5/25/64
7.2
2.1

Ebb
21/2r

104M
0.45

9/21/64
27.9
36.1

Flood
2172/

103M
0.30

0/21/84
21.2
36.6
Flood

1172/

102M
0.91

9/14/64
28.5
33.8

Ebb
3’

101M
0.89
$/14/84
.7
9.1

Ebb
[Y]

98M
0.47
8/ 1/64
33.4
34.5
Ebb
21/2s

115M
0.39.

10/19/64
24.3
36.5
Flood
s’

114M
0,78

10/19/64
23,0
35.0
Flood

SI

113M
0.13
10/12/64

4.1

35.4
Ebb
121/2/

12M
0.50
10/12/64
24,3
30,5
Ebb
21/22

111m
0.50

10/ 6/64
26.7
26.4
Flood
21/27
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