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Howard T. Odum’

ABSTRACT

A basic survey has been made of the concentrations of dissalved
phosphorus in many types of Florida’s surface waters. The ex-
tensive deposits of phosphate rock in Florida lead to unusually high
dissolved phosphorus contents in the streams and lakes which drain
these areas. Thus these waters are potentially of high fertility for
growth of aquatic organisms. Additional guantities of dissolved
phosphorus are being added by sewage and industry in some areas,
although little recognition has been made of the possibly large
biological effects that relatively small amounts of added phosphorus
can have on those areas which are not receiving drainage from
phosphate areas. The moderately low phosphorus content of basic
springs in contrast to acid surface streams suggests a controlling
role of pH in phosphorus solubility in Florida. It seems likely that
percolating rainwaters are continually concentrating phozphorus
in the layers just beneath the surface as the acid rainwater becomes
basic. The natural and artificial phosphates contributed to Florida’s
surface streams hypothetically seem to be of the magnitude to con-
tribute to red tide phenomena and the rapid growth of water hya-
cinths in prescribed areas.

INTRODUCTION

Over the surface of the earth as a whole phosphorus is a scarce
substance and much in demand as it is an absolutely necessary
requirement for Man's civilization and indeed for all life, With-
out phosphorus no plants can grow and no food production is pos-
sible for Man or for fish and wildlife,

Phosphorus is a magic word in Florida because the extensive
natural phosphate rock deposits located near the surface have
directly and indirectly made many profound changes in the culture
of the State. Directly, benefits such as those developing from the
phosphate industry and from agricultural advances due to low
cost phosphate fertilizer have resulted. Indirectly, as the evidence

"The writer wishes to acknowledge the able assistance of Mr, Richard
Highton, Laboratory assistant.
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RO GROLOCICAL SURVEY

Sreprorl mumri-;sf_s. gporks Aahing, commercial fshing, red
vater hyvacinth geowih, cond pollution are all relaled Lo the
tribution of phosphorus dissolved in the Florida Tresh and

G rine walers,

Puvpose gned Seape of Tovestioalfon

The purpose of this study has been to analyze representative:

samples of wll kinds of Florida surface waters for dissolved phos-
phorus and to determine what relationships there are between:
dissolved phosphorus and the type of geological rock formations
tnderlying the area; between dissolved phosphorus and the type of
fbody of water; between dissolved phosphorus in Florida and in
other regions of the world; between dissolved phosphorus and the
processes of formation of phosphate rock; between dissolved phos-
phorus and the growth of aquatic organisms such as plants and
fish; between dissolved phosphorus and the increasing problem of
pollution of atreams and estuaries; and between dissolved phos-
phorus and the spectacular red tide.

Cooperation and Acknowledgements

The data and interpretations have resulted from the cooperation
between the Department of Biology of the University of Florida in
Gainesville and the Florida Geological Survey with the aid of
many other persons. The Department of Biology furnished the in-
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wiater =amples in the course of this work, Mr. A. O. Patterson,
Dialrict Engineer, Surface Water Branch, United States Geologieal
Survey, Ocala, Florida, furnished a large series of samples collected
oy his staff throughout Florida. Mr. Ellis Landquist furnished a
series from Peace River. Series of marine samples were received
rom Mr. William Beck, Florida State Board of Health; Mr. David
Carrvaker, Unijversity of Florida; Dr. Hareld Humm, and Dr.
velson Marshall, Oceanographie Instilute, Florida State University;
dr. Forrest G, Wood, Marineland; Mr, William Jennings, Florida
wme and Fresh-water Fish Commission: Mr. K. Hansen, Univer-
ity of Florida, Dr. Minter Westfall, University of Florida, Dr. J.
. Lackey, Department of Sanitary Engineering, University of

Florichi: My, Wik Strawn, Universily of Texass The sty was |
much aided by disenssions with Uhe above especially as indieated in
the fext, T am grateful To T A 1S Bloek, M W Highton, Ve, J.
B. Lackey, omd Des B B Phelpg, Universiky of Plocidag De, G AL
Riley, Binrham Oceanopgraphic nstitube, Yale University : aoud
De. R Q. Vernon, Flovida Geological Survey for comment suud
eriticisms on the manuscript.

Previous I'nvestigutions

Over the world as a whole a very large number of studies have
established the geochemical behavior of the element and importance
of phosphorus to growth on land and in the lakes and ocean. Currvent
knowledge on this may be found in Hutchinson (1952) and Riley
{1951).

In Florida although much work has been done on phosphorus
in land deposits and its behavior in terrestrial agriculture, relative-
ly little knowledge has been accumulated about the phosphorus in
water., Routine analvses of waters have not included phosphorus
primarily because in contrast to the usual elements analyzed it is
present usually in small quantities, much less than a part per
million. However, it is this low concentration that makes the
element important, Along with dissolved nitrogen dissolved phos-
phorus has been shown to be the usual limiting factor to prowth
in waters in: other regions.

Specht (1950) has published a series of analyses of phosphorus
dissolved in fresh water of Peace River in a report on phosphorus
pollution. Additional analyses of this river have been made by
Florida State Board of Health but have not been published.

Some data on the estuarine and marine waters from the Miami
area have been published by Miller (1952) and from waters as-
gsociated wilh the red tide phenomenon by Ketechum and Keen
(1948).

A general survey of the phosphorus over the whole State has
been needed in order that the values in special zituations could have
comparative meaning. The results and principles of general sur-
veys of thiz sort which have been done in Wisconsin by Juday,
Birge, Kemmerer and Robinson (1928) and in marine waters by
Redfield, Smith and Ketchum (1937) can not be directly applied
to Florida because the State has extensive rock phosphate deposits
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1l Wisconsin does nol. In turn the study of phosphorus behavior
meoan area where phosphoros minernds ocear abundantly ean con-

tribute Lo the reneral understanding of 1his eritical chemienl eolo-
ment the waorld over.

Metleeredn

Samples were collected in 100 to 400 ce. soft glags bottles with
vinylite lined piastic caps. About fwo-thirds of the samples col-
lected received several drops of chloroform in order to reduce the
fixation by adscrption and bacteria of the dissolved phosphorus on
the walls of the bottles. Where the quantity of phosphorus present
is in concentrations of the magnitude of 020 ppm., the loss to hottle

| walls has been shown to be appreciable (Harvey, 1948). Phos-
pthorus is present in waters as fine particulate matter, as dissolved
organic compounds, and as dissolved inorganic phosphate. Except
in a few cases no attempt was made to distinguish between these
fractions because the partition of phosphorus changes rapidly
due to the action of organisms in the sample bottles. Thus with
the delay inlherent in the sampling, it was only feaszible to make
determinations of total phosphorus in most cases. The total phos-
phorus is of primary interest becavse in the course of one day the
phosphorus in a natural body of water may fluctuate between an
inorganic fraction and an organic fraction during phytoplankton
plant photozynthesis and decay.

Samples of 100 cubic centimeters were digested with acids over
a hot plate to convert all fractions into inorganic phosphorus, a pro-
cedure used by Robinson and Kemmerer (1930). When this solu-
tion was diluted to 50 cubie centimeters, a hlue color developed pro-
portional to the phosphorus content. The intensity of color after
five minutes was measured in a Klett Summerson colorimeter. A
araph was prepared of the color intensity of known standards that
had been treated in the same way as the samples, The coneentration
of phospherus in unknown samples was obtained from this graph.
With homogeneous materials this method has been reported with
an accuracy of reproducibility of 5-10%. For a single series the
data in Table 1 and the data for Silver Springs (Table 2) indicate
a similar accuracy in these analyses. However for heterogeneous
materials and for the lower concentrations it is likely that the
errors are considerably greater. Fortunately the types of differ-
ences discussed below seem to be much greater than can be ac-
counted for as experimental error by the largest estimate.

WEEE 0F TRNVESTIGATIONS Mo,

Known conceutralion:

Date of series:
Mrocedure:

Analyses;

Mean:
Standard Deviation

2 g L

TARLYE 1 ¢
TECGHNMIQUE TEST ON KNOWN STANDARD S0LUTIONS

i HA1
July 12

Without
Drigrestion

032
RIKH
032
026
L32
L33
035
030
Rk
038
0526
00327

With the amount of vari-
ation above, 95% of
analyses made will be
within the following
percent of the correct

value:

2240

An
July 11

Without
Digestion

036
40
151
030
028
NIk
A28
033
A0
034
0333
00421

20,

At

July 13

&)

With
jpreation

032
035
035
A5
032
37
A3
050
033
a5
0337
L0205

I

Test of Phosphorne logs by digestion over hot plate ppm P
Digestion continued until boiling stops .

Digestion continued until beiling stops :
Digestion eontinued 40 seconds after hoiling stops ..

Baoil

1/8 mile
1/2 mile

1 mile

1/2 mile
miles
1/2 miles
miles
miles
miles

G0 T P e

=]

Mean
Standavd Deviation

TARLE 2

FHOSPHORUS VALUES IN SILVER SPRING RUN
August 9, 19562

Inove, P
041
A5
DG
40
051
043
042
A1
040
D43

0431
00352

055 of analyres can be expected to have

lega ervor than:
Organic phosphorus

-

0856 ppm 7.

15%

576 of Total

Ppm I

120
127

124

Total P
4T

047
RIEL
RIHE
G
A
041
Ribh
ST

L4066
00307

18



Figure l.—2uarface phosphate-bearving formations. {Position of formations
aftey Cooke, 1945)

In waters that are highly saline the blue color has been shown
some interaction with the salts (Robinson and
Thomson 1948). This error is usually compensated by analyzing
standards to which low phosphorus sea water has been added and
deducing a correction usually between 1.1 to 1.35. In this survey
a correction of 1.2 was used for saline waters. However
very varied waters of contrasting qualitative salt compositions and
varying selinities, considerable error has necessarily been incorp-
orated by such a procedure. Thus the error is possibly 20%
greater for saline than for fresh waters. The analyses include
any small quantities of arsenic which may act with phosphorus in

this test.
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PATTERNS OF DISTRIBUTION OF DMSSOLYED PHOSPIORUS

Drisgotved Plosplorus aid Geological Formations

In general most of the dissolved contents of waters are derived
'rom the rocks over which the walers flow. Thus it is o reasonable
hypothesis to expect the dissolved phosphorus in walers to cor-
respond to the type of underlying rock.

The phosphate bearing formations in Florida are primarily
the Miocene Hawthorn formation, Alachua formation, and Duplin
mar] and the Pliocene Bone Valley formation. The areas of out-
crops of these rocks in Florida are shown in figure 1.

The streams that cross these formations and the total phos-

phorus content of their waters in parts per million are shown in

figures 2, 3, 5, 7T and 9. In much of Florida a close correlation
exists between the phosphate areas and the dissclved phoesphorus in
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Figure 2.—Dissolved phosphorus in the vegion of Gainesville, Flovida,
and the phesphatic Hawthern formation. {Position of formations after

Cooke, 1045)



Giten i in the Bone Valley phosphaile minime district in mntfnl
Flaridi. Some reladively high values Lhat are not associnded with
pdrosprhadie geological Fortations are due o pollulion.  Some =_I:1-
posits are not erossed by major streams amd therefore correlative
it nre lncking on these, The analyses lor Alachua County, figure
2 ghow the manner in which the dissolved phosphate reflects the
weology, In figure 3, lines of equal phosphate concentration !{ax'c
been :imu-n over 1he whole State much as one would draw lines
of equal height on a topographical map. These are_o_f course ap-
proximations but serve to emphasize the superposition of areas
ol high dissolved phosphate concentration over known phosphate
deposits.

Deevey and Bishop (1940) had shown in Connecticut that crys-

v _(_J"“I},"gs:/:
# -f'_m-/_\’i;_%’ s

-

"_.ﬂn-,i-.-:i#.z-'ﬁ;il e correlation seenis goinl in the north central Florida
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LAKE MIZE, FLORIDA 26 AUG, 1952
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rgure d.—Dissolved phosphorus in Lake Mize, Flovida during sommer
stratification,

talline rock areas possess slightly lower dissolved phosphate con-
tents than the central lowland sedimentary area. These results con-
firm in a striking way the general principle of the geologic control
of phosphate content of the waters, and it is possible that future
prospecting may be facilitated by analyses of dissolved phosphates
in stream systems.* It has long been known that dissolved phosphor-
us is so scarce in the ocean that it is rapidly removed by phytoplank-
ton and lost to the deeper water through sedimentation of organic
detritus so that the upper ocean waters are maintained in an im-
poverished condition receiving a little phosphorus for growth only
from turbulent exchange of the element brought up from the deeper
waters and in from rivers (Riley, 1951). The analyses of estuarine
waters of Florida further document this pattern by showing that
Charlotte Harbor and Tampa Bay arve one of the richest phosphatic
areas and receive more diszolved phosphate from streams than any
other estuary in Florida,

Diszolved Phosplioves and the Type of Watey

The essential features of the distribution and cireulation of
phosphorus within streams, lakes, ground waters, and estuaries
have been established in other regions (Juday, Birge, Kemmerer,
and Robinson 1928; Mortimer 1941-1942; Hutchinson 1941;: New-
combe 1940}, In reneral, streams and ground waters have lLeen

It i9 amusineg to remember the excitemont that avese in the laboratery
when waters trom the Econlechatchee River were found to possess relatively
enormous phosphorus concentrations although no phosphate districts wore in
the drainage. It was learned that a recent shift in the dispesition of the
Orlando sewapre into this river accounted for these values,
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Figure b.—Diszolved phosphorus in the Poace River

gystem.  Data obtained in cooperation with Mr. Ellis
Landquist,
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Pord Lo contain moderale amounts of dissolved phosphorus devived

From the rock strabn in an inorpanie Toron T sbéenims with e

or o planklen and abtached plants the volume of waler is [HIRTIC

compared to Lthe number of plants that derive pthosphorus Tor

growth and thus there is more phosphorus than is needed in plant
metabolism. But the situation shifts when these watera fow into
Iakes where the relatively still waters in the upper levels support
microscopic floating plants which take up the phosphorus and con-
vert it intv the phosphorus of organic matter. Then the lack of
phosphorus often becomes limiting to plant growth. When these
Liny single eelled plants ave eaten by microscopic plankton animals,
the phosphorus may be transferred into other organisms and
eventually returned to the water as dissolved organic phosphorus or
deposited on the hottom as partizulate phosphorus. Thus the in-
organic phosphorus in shallow lakes and in the upper levels of
deeper lakes is small and the organic phosphorus is only a little
more. Bul in the bottom waters of the deeper lakes much larprer
concentrations of phosphorus are found during the summer strat-
fication. Here the chemically reduced conditions associated with
lower oxidation reduction potential and sometimes lower pH and
the absence of rreen planis cause more phosphorus to remain in
solution both as dissolved inorganic phosphorus and  dissolved
organic phosphorus. Thus the processes within the lake remove
phosphorus from water as it flows through the lake and deposit i
in the lake's lower waters and sediments. It has been shown thus

ppm P Surfoce stream
236 5

=
Rachorge ?

Hawthorn -~ .08l, ,060, .053
formation Kaitnaei
sides

Devils  Millhopper
Alachua Co,
Figure 6.—Dissclved phosphorus in the Devils Millhopper, Alachua Co.,

Florida.
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Figure T.—IHsgolved phosphorus in the Tampa Bay region, Florida, Data
obtained in cooperntion with Ur, Nelson Marshall, Flovida State University in
the fall, 1952,

that lakes are a phosphorus filter as in River Sussa, Denmark (Berg,

9453). In a similar manner, when phosphorus laden river waters
reach the sea the phosphorus is removed and deposited on the bot-
tom of the ocean in the sediments. Estuarine waters are zones of
mixing where the phosphorus content is intermediate between
rivers amd sea.

With the above introductory account of the occurrence and
distribution of phosphorus in natural waters, it is interesting to
compare data from Florida ns summarized in tables 2, 3, 5, 6, 7. It

REFOWT OF INVESTIGATIONS N0, 9

will be noticed that streams are high and in fael enormonsty Taden
with phosphorus in the phesphoate distreiets, The lake wialevs ol
the surlfaee have smaller amounts than the sbreams becanse ol the
filtering action of the lnkes. Estuarine walers conlain more phos-
phorus than open water, as reported in the literature, but somewhat
less than the streams from which the phosphate is derived. In com-
parison to lzkes, streams and estuaries which receive high values
in phosphate areas, the spring waters have moderate values irve-
spective of the area in which they oceur. As shown in the Silver
Springs analyses the springs have primarily inorganic phosphate,
the organic phosphorus having been removed by the soils and rocks
of the recharge areas. The spring waters in these limestone areas
are basic =0 that little calcium phosphate iz dissolved and very
little can be held in solution. Thus pH is eritical in regulating the
amounts of diszolved phosphate of inorganic form but not that of
the organic phosphorus. The solubility of calcium phosphate under
# variable pH iz represented in Table 4. However, calcium phos-
phate is found in nature usually in some type of apatite mineral,
a complex chemical compeosition, upon which no such solubilify
tables are available.

TARBLT 1
MEAN YALUES OF PIIOSPHORUS IN TYPES OF FLORIDA WATLERS

Water Types ppm Total P

Phosphate District Other
Streams BT (18) 40 (44)
Estuaries 269 (2) D44 {210
Lakes 290 (B) 038 (31)
Springs AGL (5) : D45 (27

{The number of different bodies of water averape in cach case i3 indieated by
the firure in parentheses).

TABLE 4

SOLUBILITY OF INORGANIC PHOSPHORUSE AS A FUNCTION OF
CALCIUM AND ACIDITY. (Based on theoretical data of Green and Holmoes
(1947} for GB deg. F.)

Calcium ppm

4 4. 12. 2 410, B0,
Acidity 60 | Greater R T
as .5 Than ) | a3, 12 4. i
pH 7.0 40, ppm [ . 4. 1.8 33 |
1.5 & 1.5 Wil A 10 |
80| | 23 33 16 086 026
85|21 .33 1 G 066026 007
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Figure 8, —Dissalved phosphorus in the rivers and canals of south Florida
during August 1052,

Among the lakes there are great ranges of phosphate contents
just as there are preat ranges of conditions such as hardness, car-
bon dioxide and color. The vertical pattern of phosphorus distri-
Lution within Lake Mize, Florida, is similar to that of Lake Mary,
Wisconsin, although the values are much higher for these two lakes
than for moest of the other lakes reported in Wisconsin or elsewhere

(nuu)‘"{‘mumw‘l umt -l'l.il[ll.:.l' qi.ml. lemt l.ﬁi'}
in being deep soft seepngre lakes with high nhu-mhnu“,d. '-\n'iH&ﬁﬂy W

Th Kes wve simila

Lo low pIL Lake Mavy, Wisconsin, is very abypieals (10 is vl Knowi
whether the steatificntion of phosphorus in Lake Mize is Lypiead for
Florida's relatively Tew deep lakes.

TABLE &

REGIONAL COMPARISONS OF DISSOLVED PHOSPHORUS IN LAKES
{Modified from Hutchinson, 1937, 1052)

ppm P
Mean Tange
HUMID CLIMATE; EXTERNAL DRAINAGE:

N. E. Wisconsin (Birge and Juday) 023 008—.140
Connecticut (Deovey)

Easterr. Highland 011 004—021

Western Highland A3 07 —.051

Central Lowland 020 010—031
Japan (Yoshimura) 016 004—. a4
Austrinn Alps (Ruttner) 020 LO00—.0410
Sweden ( Lohammar)

Uplands K1kt A02—.162

South 026 L04—002

Morth 024 007—.064
North Germany 077 005 —.000
Flovida

Phosphate districts 200 00— A0

Other districts Rk 000—,197
Gran Chaeo, Parapuny (Coarter and Beadle) e

ARID CLIMATE; INTERNAL DRAINAGE; SALINE LAKES:

Nevada (Hutchinson) 00 05—3.0
Acgean (Stankovie) . 097 —A5
Central Africa (Beadle) ) A6 —Th
South Afviea (Hulchinson, Pickford, Schuurman) i Dh=—2.0
Indian Tibet {Hutchinson) ; 028—.30
Owen's Lake, California 6. —
Salt Range, Punjab (Hutchinson) AT —
Geodenough Lake, British Columbia 208, _—

The data in Table 6 indicate that some of the lowest values are
found in waters where attached littoral plants have possibly had
a role in depleting the waters such as in marshy pools surrounding
lakes, pools along roads, and small lakes without appreciable drain-
age in the sandhills. The action of a lake in filtering phosphorus
is illustrated in firure 2.

Data from analyses of water entering Orange Lake from the
north and discharging eastward into the Oklawaha River show
a marked decrease in phosphorus content. Also in figure 2, the
waters entering Newnans Lake, the moderate sized Iake just east
of Gainesville, show a drop from a phosphorus content of .247 to
17 ppm.



,._oaa/"\/ll
.JE}—.,\q_xrﬁ:%’dncksunville
ey
e

lower St.Johns ppm P

several pollution
sources

i
053
QI Atlantic Ocean
g 1540 \'.:'-?3323
lasa L~ R
(ED a Irocaru:enf L."II"I.‘\
%":M/fz 1\ \633!_;""
0 \EG ';f" 80
Oklawaha R, il \
040043 0RO \

04i) ‘0.9;?\ \{ "t\
o8

—— 2

L

L]

=

f=]

[l ]

[y

J."

'[
“:‘“(:-:L/Lf“

Orland 6
;euwnugne'f( ﬁl"

Econmchhnfcheg
I
0 10 20 30 J I
MILES upper St. Johns R!
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The general impression that one obtains, that water Hlled sinks
are often Tertile, is supported by the analyses of phosphorags, Ap-
parently the water Alling the basing arve phosphovus nden in eon-
frast to the deeper artesinn aguifers as represented by the large
aprings which have moderate phosphate values,

TABLE G
PHOSPHORUS IN FLORIDA LAKES AND STREAMS

ppm P
Etanding Waters: Cazes Mean Range
Grassy, sand bovdered lakes G D08 00— 014
Flatwoods ponds 4 151 O80-— 43
Sinks 4 S20 J2R—1.01
Lakes with organic mud borders and
extensive water hyacinths 5 208 A00— .5l

Lavger lakes receiving sewage

(Jegsup, Monroe, Grifin, Lulu,

Heedy, Tohopekaliga) G JBG 0428— 49
Larger lukes not receiving sewage or

phosphate distriet drainage

(Goneva, Brooklyn, Kingsley,

mustis, Ola, Weir) G 007 L00— 014

Streams!

Small streamsz, not polluted, not

draining phosphatic fovmations 18 010 03— 034
Small, humic watered crecks, draining

phosphatic fermations, ne

pollution, generally acid 10 A3 J41—1.6
Streanms not draining phosphate
formaticns but receiving sewape 7 B Aid—1.1

The clussification of analyses according to the type of water as
given in Table 6 sugrests some relationship between the percentage
of dissolved phosphate and the type of lake water but a general
classification of the water types biclogically is one outstanding
problem not yet completed, In Table 6, it should be noted that the
high phosphate contents are found in small aeid streams which hul
relatively short surface courses since falling as rain. The more
basic waters which have received ground waters and salts have
lower values depending of course on the rocks through which the
water passed.

Ohle (1954) found higher values in German dystrophic waters
{brown waters) than in clear waters. Similar results noted in
Florida are suppested as due to the soft acid nature and to the
course of these waters, Also Barbier and Maroger (1950) have
gshown that colloidal humates increase the amount of caleium phos-
phate that is dissolved by binding action. Humates are brown mo-



'gi“! L‘ﬂ”ﬂidﬂi bl‘eifkduwn products of the lignin that in natur-
wood holds the fibers together and in Florida stain muany streams
brown,

fisgolved Ploospdiorvies o Flovide Conpeved edth Oflier Regions

Since Florida has such large resources of phosphate rock, it is
reazonable to expect Florida's waters to contain on the averape
higher phosphorus concentrations than most other regions of the

world. . E. Hutchinson, in an unpublished manuseript, collected
datia on dissolved phosphorus in lakes to which averages of Florida
data have been added and both are presented as Table 5. This table
indicates that Florida has higher dissolved phosphorus concentra-
tions than the rest of the world with humid climate, with the pos-
gible exception of those districts elsewhere that indicate major
phosphate deposits. Of those analvzed only the salt lakes in arid
parts of the world show higher phosphate contents than those of
the phosphate districts of Florida. It iz interesting that the areas
that are most similar to Florida are the sedimentary North Ger-
many area, which resembles Florida in some respects such as
elevation and general geological structure, and the Gran Chaco
of Paraguay, which has a somewhat similar climate. In contrast,
waters in c¢rystalline rock areas are low and the older and more
modified sedimentary areas are intermediate in dissolved phos-
phorus concentrations such as shown for Connecticut and Sweden
in Table 5. It is likely that other areas of the world possessing
phosphate distriets, such as North Africa, Idahe, Esthonia, Egvpt,
ele., (Johnson, 1952), would similarly possess high disszolved
phosphorus.

Dizsolved Phosplhorvs and the Origin of Phosphate Depogits

No wholly satisfactory explanation has become accepted for
the origin of Florida's extensive and varied phosphate deposits,
The status of knowledge on this iz discussed in detail by Vernon
(1943, 1951). Apparently a combination of initial deposition of
phosphalic minerals, bones and teeth in marine and terrestrial
sediments followed by a possible later concentration of these paris
of the sediments have produced the existing deposits. Although
there is little evidence of phosphate deposition during the Recent,
other than at bird and mammal rookeries, following the hypothesis
of uniformitarianism we look at contemporary Florida for answer
to the processes in past geologic time for there is little evidence

s -

that Florida is geologically rnur.h different now i..hm‘l. H.. wits 111. ‘LhL :
Tertinry times, ;

An examination of the dalic on dissolved phtmp‘h.ttv Ttum thu
present Florida wators sugpests two things: First, the marine
estuarine deposits now forming off some rivers are forming in the
presence of relatively hich phosphate concentrations so that these
sediments may be expected to contain a proportionately high phos-
phate content. Miller (1952) has shown for Biscayne Bay in the
Miami area that the ratio maintained between dissolved phosphorus
and the sedimentary phosphorus is about 1,1000, The high phos-
phorus eontents of the rivers moving into sea water are possibly
supersaturated in relation to the high calcium, basic, occean waters
as estimated theoretically by Dietz, Emery, and Shepard (1942),
Second, the hichest dissolved phosphorus contents have been found
where soft acid streams croszed phosphatic formations supgesting
that acidity regulates the amount of phosphorus which becomes
dizsolved,

Since the basic spring waters are moderately low in dissolved
phosphorus, even in phosphatic distriets, it scems that phosphorus
may become dissolved in the surface drainage water but becomes re-
moved aguin as the ground water passes through deeper strata.
This sugrests a mechanism by which the deposits already rich in
phosphorus now found most abundantly a few feet below the sur-
face have been enriched. IPirst the phosphorus is dissolved and then
redeposited as the water becomes more basic on reaching the deeper
ground water levels and as the initial carbon dioxide acidity is
neutralized with the limestone. Those acid surface waters moving
down surface streams to the sea pradually become basic but much
of the diszolved phosphorus by this time is converted into the
organic phosphorus of plant and animal matter in particulate,
colloidal, and dissolved form se that it remains in solution in estu-
arine waters for same time in spite of high pH. Thus the difference
observed between the hizh phosphorus content of acid surface
water and the low phosphorus content of more basic ground waters
indicate that phosphorus leached out of one layer can be precipitated
in the rocks through which it may pass or that the ground water was
reiatively free of phosphorus at the recharge area.

That enrichment of phosphorus may ecceur in existing forma-
tions due to the above causes does not imply that the present phos-
phatic formations are themselves older formations concentrated by
leaching. The Alachua formation of Florida (Vernon, 1951) 1is
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8 typical of those phosphate deposits formed by the fixation of phos-
phatic acid solutions through reaction with carbonate rocks. Ver-
mon (19051) using detailed stratigraphic data from Cilrus and
Levy counties, Florida, found that Miocene phosphatic formations
{Hawthorn and Duplin marl) were probably laid down in shallow
zeas adjavent to a land muass upon which the phosphuate of the
Alachua formation was forming. He feels that the high phosphate
content of these formations was derived from a high dissolved
phosphate level in the =zea and adjacent land at the time of for-
mation.

The golubilities of caleium phosphate in fresh water of varying
acidity shown in Table 4, have been modified from Green and
Holmes (1947). These solubilities are based on the theoretical
equation for the solution of excess tricalcium phosphate under
equilibrium conditions, and in the ionic strength of fresh water.
Although these assumptions rarely correspond exactly to natural
conditions, the important réle of pH and calcium concentration is
demonstrated nevertheless, Acid soft water streams have eapacity
for taking up very large concentrations of phosphorus mineral
matter through which they pass whereas basic hard waters such
a5 in Florida's pround waters, even at equilibrium can hold less
than ene part per million, The values for the large typical Flovida
Springs of .020—.123 ppm P with pH ranges mostly between 7.2
and 8.5 with calcium concentrations 30 to 70 ppm are only slightly
above those predicled by Table 4.

For salt waters the assumption used in ealculating these data
do not apply, for solubilities of many substances in saline waters
are greater due to the greater ionic strength. The greater ionic
strength in parl counteracts the effects of high caleium in sea
water., However, from similar caleulations based on greater jonic
strength Dietz, Emery, and Shepard (1942) found that the ocean
is possibly saturated with phesphorus. The unusually high phos-
phorus values reported in Tampa Bay and Charlotte Harbor ave
of course total values including organic and colloidal fractions,
Note that if some source of acidity such as industrial pollution
should lower the pH much greater phosphate solubilities are
possible and although later neutralized this mechanism would
permit the introduction of high phosphate concentrations into or-
ganic Tractions and into colloidal and soluble form, Bear Branch,
which receives wastes from a superphosphate plant near the fown
of Bartow, wag reported by My, Ellis Landquist in his biological
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study of the Pence River during 1950-51 to posseas a pHl range 'h‘um_ifi
2.6 to 6. Such acidity aceounts Tor the diszolved phosphate contents
up Lo 177 ppm phosphorus in this braneh,  Although subsequently
diluted by the Peace Creek, the high values of 5 ppm which per-
sigted in the Pence Creek below this point (see fipure 5) seem to
have been due to this pollution since other streams in the system
at the same time had dissolved phosphorus values ranging .5 to
3 ppm.

Some observations made of the dissolved phosphorus in streams
in the Devils Millhopper, a large sink near Gainesville, may be
interpreted as in agreement with the hypothesis of concentration
discussed above, Several small springs issue from the sides of
the Millhopper and one stream falls into this sink from the surface.
These flows rush down the sides and out through a fissure in the
bottom of this 80-foot hole. The sink penetrates the Hawthorn
formation which is heavily phosphatic., The data presented as
firure 6 indicate that the water which has passcd through the
ground has a lower phosphate content than the water that flows
in over the top of the sink. If surface water does lose iis
nhosphorus upon passing through rock, there should be a concen-
tration of phosphate not far below the soil surface in areas of
ground waler recharge. Such a concentration has not been de-
termined, but may be present.

Diggolved Phospliorus and Potentiol Fertiity

As indicated in the introduction, all life requires phosphorus
as o basie chemical material for its metabolic processes. About two-
tenths of one per cent of phosphorus is required to make chromo-
gomes in the cells and to make coenzymes and other enerpgy trans-
forming substances. In most aquatic environments it has been
substantiated by many workers (Hutchingon, 1952) that the growth
of plants, and the subzequent growth of animals that derive nu-
trition from these plants, is limited by the amounts of phosphorus
and nitrogen available and utilized by the plant., In fresh waters
of many tropical areas blue-preen alpae are abundant and fix nitro-
gen from the air to help supply the nitrogen requirements, and
thus cause phosphorus to be the limiting factor in plant growth.
Hutchinson (1937), in discussing lakes in desert regions considered
values of phosphorus over .050 as certainly not limiting. There is
gome evidence that this iz true in Florida, for continual blooms of
blue-green algae through the long summer have been revorted tn
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me in personal communication by J. C. Dickinson and in the

monagraph on the St Johns River by E. 1. Pierce (1947). There

are ol covrse many olher Tactors aflecting the biological produe-
Livity of waters and where phosphorus and nitrogen are not so
searree as to limit growth, these other [actors will determine the
production of pretoplasm by the natural community of organisms.
For example, trace clements such as copper and cobalt may be
limiting,

The phosphorus distribution is not expected to be the same as
the distribution of high production but the dissolved phosphorus
can be thought of as a measure of potential productivity and fer-
tility. The phrase potential fertility is used in the sense of phos-
phorus availabilitv. Other things being equal regions of high
phosphorus might be proposed as regions of high fertility. This
is very important to Florida. The growths of microscopic plants
that support fish and other fauna are fundamental to the pros-
perity of commercial and sports fishing, both of which are verv im-
portant to Florida's tourist trade. Someone with experience in
other regions quickly gains the impression that the waters of the
State are Tertile and contain much life. Indeed, with a very high
annual sunshine average and with its waters earrying considerable
phosphoras, one suspects that produetivities may be high on a
world basis. There are little data as yet to test such a hypothesis,
but it can be =aid that the potentizl fertility of the State, as meas-
ured by the discoived phosphorus, is very large,

Although a high fertility is penerally & rood thing from man’s
point of view in that more life is produced in the lakes, streams and
estuarine waters, it is not necessarily so. If the fertility results in
the proliferation of some objectionable organism or does not pro-
duce the desired type of organism, then either less fertility is
needed ov some control needs to be exercised over the type of
organisms which are permitted to make use of the potential fer-
tility. The clogging of waters by water hyacinths is an example
of an undesirable result of high fertility. Another is the over-
production of undesirable fish species in some waters at the ex-
pense of species desired for food or sport.

Superficially the distribution of high potential fertility as meas-
ured by high concentrations of dissolved phosphorus in figure 3
suggests a possible relationship to the areas of water hyacinth
nuisance, Certainly, rapid growths of these plants occur in the St.
Johns, Peace and Suwannee viver systems and in the lakes of the

'p.hﬂﬂphut{'. district such as Newnan Lake Ii:'l‘il.‘-_:_i}l.'-_i';.l_ill.ﬂ”

Alachun County. Indeed, this possible correlution should
veatigiled and comparative growlh of hvicinths menantod
ferent waters.

Much work has been done in ponds of other areans to inereas
the fertility of water by artificial fertilization similar to that dor
in terreatrial agriculture. However, nothing has been done to wor
out a melhod for decreasing thz potential fertility of a wale
should it be deemed advisable., Actually this is a major engineerir
need since great sums of money are spent each year killing alg:
blooms in lakes in which clear water is desired rather than rap
production. The approach to the problem of using chemicals
rather a backwards approach for whenever blooms of algae or rat
of hyacinths are killed, the phosphorus within them is releas
into the water and into the lake muds so that the remaining ¢
ganisms grow even faster. A much better approach would be o
designed Lo remove the phosphorus. Commercially this might
possible since the dissolved quantities involved are so small, bei
usually much less than one part per million. As yet, no practic
solution seems to be ut hand. Perhaps a biclogical filter is feasil
in which phosphorus and plant growth are removed from wat
running through a lake, with resultant improvement downstrem
or perhaps ferrous or aluminum salts could be added to remo
the phosphorus as a precipitate.

An understanding of the quality and quantity of the agqual
production under various situations in Florida is needed. A co
certed research program should be made to uncover the basic fa
tors and their interactions, which control this natural aquatic agr
culture,

It is likely that phosphorus fertilization of the Florida wate
which contuin more than 050 ppm total phosphorus will not it
crease biological production because it is probably not limiting :
these concentrations.

Dissolved Phosphorus and Pollution

Some types of pollution produce extreme effects on the potentis
fertility of Florida's waters by adding large amounts of dissolve
phosphorus relative to the amounts naturally present. By pollutio:
is here meant the addition of malerials to a natural body of wate
as a result of man's activity so that the conditions of the lake



L «ﬁ;g,y__.;.._.

5Tt an v ot sessserily Do bl i Che man made chunges
tndesivalde to the long range welfare of all concerned, However,
pollution by ehanging the noalural situation often restricts the
variety of organisms amd often markedly affects the populations
of fish orgpunisms in indirect ways by affecting their plant and
animal foods,

In Florida two sources are ot present increasing the dissolved
phospherus in Florida waters: Induostrial and municipal sewage
and the byproducts of the phosphate industry. Phelps and Barry
(1950} have summarized sources of pollution in Florida. When
sewage I8 passed through chemical treatment many of its ob-
jectionable properties, such as disease organisms and organic
matter, are removed, which if dumped directly in streams would
uze up the dissolved oxygen and kill the organisms. However, the
very high content of phosphorus in urine and in the solid materials
of raw sewage i3 not completely removed by sewage treatment
plants, By the time the decomposing raw sewage reaches the plant
there is already a high concentration of phosphorus in the dissolved
inorganic form. Apparently this inorganic fraction passes through
the plant withoul much loss. Raw sewage entering the university
sewage plant in Gainesville, April 9, 1953, possessed a dissolved
inorganic phoaphorus content of 2.1 ppm. The final efMuent emerp-
ing from the same plant contained 1.9 ppm dissolved inorganic
phoaphorus. These values in comparison to the natural concentra-
tions in most streams are enormous.

A sample of the phospherus developed from Lakeland sewage
and taken out of Lake Hancock in Saddle Creek and analyzed was
2.0 ppm. and a sample of the Orlando sewape taken in the Econ-
iochhatchee Creek analvzad 3.2 ppm. Standard engineering prac-
tice hus not recognized these relatively small phosphorus quantities
on a weight basis as being o pollution. Considering the possible
stimulus to undesirable growths or undesirable species, it is clear
that this may at times be harmful although a general increase in
fertility iz promoted in some fish culture. With the increasing popu-
lation of Florida and the increased dumping of sewage into
Florida's :elatively amall surfuce streams, the result of this practice
must Le studied. It is certainly not possible to say from the avail-
able evidence whether the character of Florida’s fresh waters and
estuaries, which are an important resource, are being markedly

mafor waler bypes Be estadblishiod
. i pobential Tertifity b delermine it
Lherve is o resullant inerensoed hyavinth growth, pme fish, ur':dﬁ:m
Blooms in previously elear waters,

_ The phosphate industry particularly in the Peace and Alafia
river systems is discharging phosphate slimes and, in the case of
Bear Branch, Bartow, Florida, acid waters high in dissolved phos-
]:.hurus into a river which must already have had high concentran-
tions because of the underlying rock formations. A high original
phosphorus concentration is indicated by the streams in the Peace
and Alafia viver area which do not receive industrial wastes but
have very high values although not as great as the Peace and Alafia
proper. It seems likely that the pollution somewhat accentuates
the afldition of phosphorus. The data in figure 5 support this,
Relatively undisturbed Charlie Creek, for example, has a lower
phosphorus value than the streams receiving wastes, It is unlikely
that at these high levels phosphorus is limiting in the Peace River
or that the potential fertility is in any way realized. But the effect
on f:‘he fertility of Tampa Bay and Charlotte Harbor is probably be-
g increased by the inerease in phosphorus going down theze rivers,
Phosphorus also goes down the Peace River through Lake Hancock
frr:uml Lakeland sewage. The problem of the possible effects of
celloidal and slime phosphorus on river organisms is a separate

]n-ob‘lem that is being studied by Mr. Ellis Landquist of thn Uni-
versity of Florids.

Dissolved Phosphorus and the Fed Tide

If f:here are increasing quantities of phosphate going down
some rivers, the question is raised whether this additional fertility
's Increasing the incidence of the red tide offshore. The so 1:}11][:'&
rid Itide is a bloom of a microorganism Gumnodinium brevis in
marine waters which becomes so concentrated that fish are killed in
large numbers and are washed up in great quantities on the beaches
{Gunter ef al, 1948).

?'l'ILHI;'.h work has been done to show that similar phenomena
u:fcur In many parts of the world at widely timed intervals.
Wfﬂion Smith (1949) postulated that the oecurrence is due to nu-
trients becoming available, especially phosphorus. Ketchum and
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{8} Fauml annecouniably high lotal phosphorus coneentra-
sis in the 1947 growth off the coast af Sarasota, As yet, however,
d o i n eledinite prool that high phosphoras copcentealions are
required For red Lide blooms,

o

Sloboedkin (1952) has postulated that the relatively frequent

red Lide cecurrence ofl the lower Florida west coast is o result of
rains and northeast winds which carry low salinity waters con-
taining a fow of the Gympedintnm organisms and nutrients out over
the saltier open waters where they develop a bloom and then drift
noerthvward and shoreward in the prevailing Gulf drift. The mechan-
ism of this drift was demonstrated by E. L. Pierce (1951). Specht
(1950) hnx shown high phosphorus concentrations entering Char-
lotte Harbor from the Peace River. From the data in figures 3 and
T it iz surpgested that the Peace and Alafia rivers are sources of
larger nutrient concentrations than the Caloosahatchee and Okee-
chobee which have smaller amounts of dissolved phosphorus. The
Caloosshatchee river crosses phosphatic formations but is derived
largely from phosphorus poor Luke Okeechobee and is not so acid
when it rrosses phosphorus rocks. A charge of phosphate laden
low salinity water might accumulate in Tampa Bay or Charlotte
Harboer and then be blown out to sea as a fairly intact mass of
waler belore mixing.

|| The data in Table 7 suggest that adequate phosphorus is found
in theze waters in excess of that needed for a red tide bloom. After
the initial bloom further fertilization can come from fish that swim

TABLE T
PHOSPHORUS RELATIVE TO RED TIDE

FPEM Total Phesphorus
Cnscs Mean Itange
Amber water off Ft. Myers
July 1947 (Ketehum and Keen, 1947) b B35 J52— G50
MNov, 1952 (Marshall and Odum) 3 052 036=—=070G
during late stages of bloom
T "t. Mvers, not at times of Red tide
Aug, 1947 ({Ketehum and Keen, 1047) 029 019—.038
Dee. 1952 (Lackey and Odum}) A6 LO08—, 024
Estunaries which contribute phosphorus
Tampa Bay (Marshall and Odom)

g 2

September 27, 28, 1958 156 418 125—.840
Charlotte Harboy, June-Dee,, 1952 2 376 D27 —.425
Caloosahatchee Estuary

June, Nov,, Dee, 1052 3 071 022,118

Caribbean open water {(Ketehum and
Keen, 1047) L0003 -.015
Indian River, summer 1052 3 034 L01—. 086

Cinto the aren, div oand decompose, The ll_:l}_i-g;l_t_iﬁ
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from the recent ved tide in 1952 by N. Marshall show that low
coneentrations ave regquired ol least in these st stages of Dhe Woon
than might have been surmisced Crom the values Laken by Bolehum
and Keen (1948). Perhaps, however, during the last stagees, the
Lloom was being dispersed by mixing althouph the waler was
recognizably red at the time. To further test these hypotheses a
continuous series of samples must be taken regularly until the initial
formation stages of the red tide are covered. Of course ndoguate
phosphorus does not puarantee a bloom for there arve other [actors,
but certuiniy adequate phosphorus is a prerequizite (Specht. 1950;
Smith, 1949 ; Ketchum and Keen 1948) .

If the phosphate going down the rivers into the coastal aveas
in large amounts is increasing due to expansion of industrv and
population, further examinations must be made to detzrmine
whether the general fertility of some coastal waters is being in-
creased ard whether or not this is following desirable lines or
is producing undesirable products. The procurement of adeguate
fishing statistics may permit some examination of change in this
respect.

{{This note wag added in press.) Three recent papers and a fresh outburst
of red tide in September 1253 at the mouths of Tampa Bay and Charlotte Har-
bor have further increased interest in red tide phenomena. (Kierstead, H.
and L. Slobodkin, 1953. Journ. of Marine Research, vol. 12, pp. 141-147; Slo-
badkin, L., 195%. Journ. of Marine Research, vol. 12, pp. 148-155; Chew, F.,
1953, Bull. of Marine Science of the Gulf and Carvibbean, vaol, 2, pp. G10-625.)
Slobodkin proposes that a lens of brackish water blowing oul from shore on
the surface provides a means of developing a eritieal minimum mass Tor
starting a full bloom, e thinks that the nutrvient phosphovus could be con-
centrated by organisms migrating vertically into the surface layer. Thus he
thinks that the amount of phosphorus initially present need not be larper
than usual, Chew found patches of low salinity water offshore but found
that the red tide was not in these but was in slightly higher =zalinity waters
nearby. He interpreted the lower salinity water as derived from rivers and
the higher salinity water which was high in phosphorus as dervived from
offshore, Tt scems possible that Chew's lower salinity water could have been
from the Caloosahatcher and the red tide watey could have originated further
north in the polluted Tampa Bay estwary and Charlotte Harbor, Slobodkin's
idea of eritien] mass seems more applieable if applied to nutrient containing
water from the polluted eostuaries, Even if phosphorus is net a limiting
nutrient to red tide blooms, it is likely to be eorrelated with limiting nutrients
from the polluted bays and thus act as a water marker in tracing such
water. The repeated localization of the ved tide bloems in areas near the
mouths of the phosphatic rivers sugpests that some eauvsal factor is localized
there,
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T CONCLUSIONS
o The dissedved] phosphorns conlent ol Flovida fresh waters s
correluted with the undervlying phosphalic rock Tormalions of Lhe
listinagre aren.
2. The dissolved phosphorus content of Florida estuarine waters
iz determined by the proximity of the rivers and the phosphorus
content of these rivers,
3. In the phosphatic districts the dissolved phosphorus is highest
in the soft acid streams, lower in lakes due to a biclogical filtering
action, and lowest in springs possibly due to a geological precipitat-
ing action.

4. The dirzolved phosphorus and thes the potential fertility in
Florida wsaters ezpecially in the phosphatic districts is considerably
higher than in waters in most other humid regions of the world
vet studied.

8. Diszolved phosphorus liberated by sewage and by the phosphate
industry ie producing a high potential fertility in many waters.
There is noe definite evidence whether or not this is desirable.

. The high frequency of the red itide off the mouths of the Peace
and Alafiz rivers suggests causal relationship between the large
quantities of natural and industrial phosphorus passing down these
rivers.

T. A program of research is needed {o :.liﬁc:wer what other factors
determine how the high potential fertility of Florida's waters is
expressed in terms of fish production, water hvzmmth growth, and
clondy waters. The natural condition of Florida streams should
be studied and recorded as a valid basis for resource use manage-
ment before further pollution destroys our chance to establish the
biclogical structure of the natural streams,
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APPPENDIX

L Feteed #hoepalvon A weefgses of Waeine and Keloarive Walers
O el b leerasid ioeny wed bl ool Besese gt imsalivsse Lol )

Afigetar Harbor Sevics: (With Nelzon Marshall, Harolld Tlemm
of OQeeancgraphic Institute, Fln, State. Univ.)
Bald Point, Ochlockonee Bay, Franklin Co., Aug. 21, 1952
Panscea Bridee, Ochlockonere K., Aug, 21, 19562
Camp Wied Pier, Alligator Havbor, Aug. 21, 1952
Marine Lab. pier, Alligator Harbor, Aug. 21, 1652
Mouth South Creek, Alligutor [Harbor, Aug. 30, 1952
Midway South Creek, Allipator Harbor, Avg, 30, 1952
Muouth Naorth Creek, Alligator Havbor, Aug, 30, 1952
Midway North Creck, Alligatur Havbor, Aug, 30, 1052
Station No. 208, Alliator Harbor, Aug, 30, 1952
Station No, 210, Allyrator Harbor, Aug. 30, 1952
Station No. 217, Alligator Harbor, Aug. 30, 1052
Station No. 213, Alligator Harbor, Aug, 30, 10952
Peninsula Pt. Channel, Alligater Harbor, Aup, 30, 1052

Totul I*
ppm

058
57
013
040
A28
40
028
030
{048
019
021
050
18

Seenibel Islond=—=Tampa Day scrice duving Red Tide (with Nelson Marshall,

Oeranographic Institute, Fla. State Univ.)

ppm P (Total)

Filtered

Flantation Key, Surface, Nov, 14, 1952 B2d
Four miles off Sanibel in Red Water, Nov, 16 &
Four miles off Sanibel, elear water, surface A18
Four miles off Sanibel, Red water, surface, Nov. 16 041
Buoy 4B Tampa Bay, Surface, Nov. 15, 1952 006
Buoy 4R Tampa Bay, 20 ft., Nov. 15, 1952 025
Twelve miles off Sanibel in Red Water, surface, Nov. 16 018
Ermd of Napies Piev, Nov. 17, Surface 021
Mine miles off Samibel, surfaee, Mov. 16

Mine mileg off Banibel, 10 feet deep, Mov. 16 012
Suanibel, clear water, surfave, Nov, 16 Q25
Boea Ciega zhove, Nov. 14 025

Unfiltered
021
043
17
076
174
160
iK1
024
NIEL.1
030

025

Rawibel Talend—Twmpu oy sevies after Red Tide (With J. B, Lackey, Dept.

ef Sanitary Engincering, Univ, of Flovida)

Penee K., Punta Gorda, Dee. 3, 10562, Tomp. 23 deog. C.
Estero Lagoon Dec, 2, Temp. 214 deg. €.
Sanibel, Dec. 1, 1952

Sunibel, Dec. 1, 1952

Naples Horboy, rentrifuped

Gulf 8 Miles off Naples entire sample

Naples Harbor, Dee. 2

Two mitrz west of the pass, Naples

Oiga Bridge {Caloosahatchee 1.}, T. 24 dew. C.
Jones Bes, Caloosahatehee, T. 24, deg, C.
Nokomis Bay, Venice, T. 22 deg. C.

Myakka R. 22 deg. C., Dee. 3, 1952
Caloosahatehee R, Pt Myers Pier, T, 24 deg. C,

Tampn Fay Scries Sept. 27, 1952 (With

Melson Marshall, Occanographic
Institute, Fia. State Univ.) o
Depth Salinity

feet ppt
On Ballast Pt. pier 300 yds. out y 25.2
MeDill Field, cast coast 0 25.0

423

m7
A15
D03
023
JHOD
M24
LG9
073

Total P
ppm

B4

RErORT OF | NVESTIGATIONS Mo, 9

Depth Salinily

Fret Pt
Fast end of longer bhellee of Courbney-
Caneplell cnuseway LI} 270
BL Petersbury="Tnmpn coasewny, west vl
of Elal‘.dyf; il 1] 00
3t. Petersbury, S of Papys Bayou
about Ldth St il 284
End of SL Petersbury pier 1] R0
50 yilz. out from Bee line Ferry dock ] 20.0
Buoy 5 off Pincilas Pt. (pi 8.3) ] 30.3
Buoy 1 0 A6
10 a0
Buoy Can 31 Q 29.1
10 30,0
20 128
Buoy A 0 0.4
10 0.9
20 32.0
; a0 43,0
Buoy 2A ]
Buoy 14 ]
Buoy 13 4]
Buoy 11 at Harbor mouth ] o2
10 33.0
20 342
a0 3d.4
Just outside harbor in Epremont Channel ] a4.0
10 34.2
20 34.2
& a4

Fagt Const Mavine Waters:

Indian River, Melbourne, June 23, 1962

Surl, Melbourne Beach, June 23, 1052

Indian River, Cocon, June 23, 1052

Bound, Buyfront Park, Miami, June 2%, 1952
Miami Inlet, June 22, 1952

Tomaka River, July 19, 1952

Matanzas R, Estuary, 3t. Auvpustine, July 19, 1952
Moultrie Creek, St. Augustine, Aug. 29, 1952
Indian K. at indian R, City, July 19, 1952

84, John's Estuary, Jacksonville, Aug, 10, 1952
Surf, Dayviona Beach, July 19, 1952

Mueiveland Series {With My, Forrest G, Wood, Marinelnmwl)
Fyesh Ocean Water-—pallery water, Aug. 29, 1952
Marincland Inlet, high tide, Aug, 29, 1952
Gallery water, 2 hrs, after low tide, Sept. 14, 1052
Marineland Inlet, low tide, heavy vain, Sept. 22, 1952

West Coast Flovide Marine Waters

Surf, Naples, June 21, 1052

MNaples Estuary, June 21, 1952

Everglades, Florida, June 21, 1952

Tampa Eay, along Rt. 541, June 1%, 1952

Alafin Estuary on Tampa Bay, Junc 19, 1052

Manatee River estuary, [t 301, June 19, 10562

Sarazoia bay, City picr, Snrasetn, June 20, 1952
Charlotte Harbor, Funta Gorda, June 20, 1452
Suwannee Estuary, August 6, 1962 _
Cedar Key main channel, Sept. 18, 1952 (E. L. Pievee)

Totnl 1*

npm
274
A0

akib

25
290
280

26

w33

REL
2

J30
290
68
A0
190

78

07
120

006

am
(iTTH
SIG
.LHD
ik




Heapingeegsa sevics July 22, 19652 (With William Jonnings,
Florida Game and Fresh Water Fish Commission)

1L

Tty ary, Moy "ﬂi, L arirpele |
"Jt"ﬂlﬂlt I'wfllm_v. Muay 30, 1962 snmple 2
Bayport Bstunrey, May 30, 19562 sample 3

Game and Fresh Water Fizsh Commission)

July 22, 1052 aquatic plants listed
ay, Chere Hats

Mouth of Ch'wsnhw itzka, Chara and Ewuppia

Dog Island, Saya, Ruppin
Alligntor t'uok Valisneria
FPorpoize Bay, .‘I-'Iunm'u:rvo Izland, Sego

Wezt of town of Homosassa 4 mile
Narth of town, 1§ mile

Hallz river

Brices Cove west of Homosassa

. L. Pierec)

{ heaamehapeitzbon Moy seriea (With Willinm Jennings, Florida

fuorgamre and Total Phogpharns of Spring Waters {With
Office of Maval Research) (samples [rom springs marked

by asterisk are aged samples. )

Rilver Springs, July 156, 1952, canal entrance

June 30, 1952, 3 miles down run
June 30, 1052, 5 milez down run
June 80, 1952, in littoral plants
Augr. 1€, 1952, boil
Sept. 3, 1962, boil
Warm Salt Springs, Murdock
June 1%, 1953
June 10, 1952
June 10, 1052
June 1%, 1852
June 1%, 1062
Alexander Spl'inzﬂ, Astor Park
March B, 19529, boil
Muayreh 8, 1952
Aug 14, 1852, boil
Aug. 14, 10562, Y-mile downstream
Salt Springs, Marien County
Oet. 8, 18517
Cet. 4, 1951
Oct. 9, 1951
Aug. 7, 1952
Juniper Springs, Marion County
Aug. 14, 19562
Ay, 14, 19562
Fock Spring, Apopla
Dee. 27, 19517
Dee. 27, 1951
Pee. 27, 18951
Sulphur Eprings, Tampa
Dec. 1, 18951%
Dee, 1, 1851
Dee. 1, 1851

Inorganic
P

Fpm

BT
050

036

A4
025
A3z
D44
018

30
40
023
67

:'rll.ul le ingr, We Iukn

Nov. 19H1*
Muov, 1951
Beecher Spring, Welaka
Nov. 24, 1461%
Mov. 24, 1951*
June 6, 1952
June 6, 1952
Weckiwachee Springs, Hernando County
Nov, 20, 1951*
Nov. 29, 1961
May 20, 1952
Waecizza Eprings, Jefferson County
August 3, 1062
Ichtucknee Springs, run, Rt. 27, Hildreth
Aup. 3, 1952
Aug. 12, 1952
Rainbow Springs, Marion County
Aup. 22, 1962
Wakulla Spr‘mgs. Wakulla County
Aug. 1%, 1952, boil
Chassahowitzka Spl ings, Citrus County
Aug. 28, 1952, boil
(with J. H. Davis)
Neck below boil
Boil of 2nd Spring
Down run of 2nd Spring, ¥ way
Mouth of second spring
First curve below head aprings
Second eurve
Boil of third spring
Downstream, % -mile
Downstream, 1% miles
Dowrstream, 1% miles
Downstream, 2 miles
Downstream, 4 miles
Downstream, & miles—estuarine water
Downstyeam, 6 miles—in Gulf
Su No Wa Springs
Aug. 10, 1052
Aug. 10, 1952
Devils Millhepper Springs, Alachua County
Aug, 26, 1962
Aug. 206, 1U62
Aug. 26, 1952
Bonita Spl'lngs
June 21, 1952 Hotel
Blue Springs, Orange City
Undated
Manatee Springs
Aug. G, 1952
Rail
Down 1un
Down run
Down 1run
Down run
River sink, Wakulla County
Feb. 9, 1851
Feb. 8, 1951
Buckhorn Spring, Hillshorough County
June 18, 1952

A5

D13

D013
a3
| e
33
Rl
D13
019
017
015
A8
19
017
023
Av23

A13
022
0
M55
JE1

A37
023
013
039
048

223
220

140

033

A2
Dad

A0

013
123

A28
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Sy ; B e . Lo iganan e Fatnd
i | ]'rnuuizurnll r"i‘,"! Ep o
RIELEY Ui P P
Crystnl Springs, Pasco County e s Avemiling Statien -,
dieree 18, 152 RiEH Awr d, 1062 hat
Fithie Sprimgs, Hillsboroweh County Jume UG, 1952
Jime 19, DG Rikii] Peaee River, Zolfo Springs, Station p-5,
June 15, 100 R Auwgr. 3, 1952 [ !
Silver (Hlenn Springs, Marion County Aup, 21952 a.1
Mareh 22, 1252 Mol 01 Peace cieek, east of L. Hancock, Station p-5hn,
August 14, 1952 Boil nes N42 Aug, O, 1052 AR
Mout! of Ilun D20 3G Paines ereck, below Bowling Green, Station p-1%,
Ovangs Springs, Marion Co, Aug. 7, 1952 005 Aug, B, 1952 )
Blue Springs, Gilehrist Co., June 9, 1052 Hike Charliz ereek, Gavderner, Station p-17,
Hemosassn Springs, Citrus Co., May 20, 1952 Boil 008 Aug. 3, 1452 i
Blur Bpeings, Mavianna, Jacksen, Co, Aug. 1, 1852 Shell ereek, It, 17, Cleveland, Fla.
Euoil A13 021 Punta Gorda, June 20, 1962 vl
Among nlants s Charlotte Harbor, Punta Govda, June 20, 1059 ar
. ].JI.'I1'I-'rI_!-T|.l'I'1'.']!'|1 104 ,‘.:t!.'i; ) RH] Horvse Creek, Areadia, June 20, 1952 o
Glen Julia Springs, Gadsden Co., Aug. 1, 1052 Peace River, Bartow, March 2, 1952 =8
f—;“’:l un 50 vds 211” D00 Peace creck, east of Hloise, March 2, 1952 A
_:'J“_" :Ibl '-”}. e i et Saddle creck, south of L. Hancock, March 2, 1952
Pon ot TD E"L_'h o Helmes LB 16 i tincluding moch animal plankton) R Y
I?"r-;‘é:lr-]' Lcon apring, Hoeimes Co., Aug. 2, 1952 - e Citrus waste, canal, Snively Plant, Poll Co.,
L.:'Dt;llt of run .Il:ll'r]:' . March 2, liille:Z o
P 015 Peace ereek, outict near Alturus, (near station p-55a)
Morrison Springs, Walton Co., Aug, v, 1052 027 .-'lm_;;. 19‘.]‘:"‘ . " A
Blue Springs, Madisen Co., Aus. 1952, (With William FPhosphate water, i‘!_::‘m_', T‘r-mln-n_ke Ertﬂllr:p; hasin 1.00
Heck of Florida State Board of Health) 60 Lulu lake outlet, Eloise, (receives Winterhaven
Green Cove Springs, Clay Co., Night Series 9-11 pm. sewage, flows into Peace Cr. Aug. 15, 1952) (USGS) A
Aug. 10, 1952
Finil L05 A0 Sumegunee-Sunte Fe River Sgatem
Frevl ctlet A AN With Wik ek, Florida State : f Heal
R P 005 o0e If‘ th William BIL{"h, Flovida State Board of Health)
Muddle bridge A05 A0 ':-iﬂ":'L‘]".'{ camp, viver hackwater, near mouth,
Nuxt eurve 005 e Suwannee River, Aung. 7, 1952 q
Last eurve oG 008 Small ereek, tributary of Santa Fe River,
Green Cove Springs Day Series . f'r'[xﬂ'._‘l'l‘.l:ri‘}lﬂr Alachua Co., Aug. 31, 1952 At
July L6, 1852 2-4 pm. Many people in pool at Stn, B Santa Fe River, Rt, 284, Brovker, Bradford Co.,
Bail D Aug. 31, 1952 1F
Fool Qutlet 041 Creek, tributary of Sants e River, Grakam,
Rapids below falls 043 Bradford Co., Aug. 81, 1952 Rl
Middle bridge 018 Suwannee River at Fanning Springs, Aug, 6, 1052 A
Noxt eurve 003 Santa Fe River, Camp O'lens Park,
Lag* eurve 005 Sept. 16, 1962 Hiph wate g
Aug, 29, 1952 A3
May 27, 1062 14
e ; ; . ™ Sunta Fe River, Itt. 441, Sept. 16, 1052 A
. ',“m! wnl ]"'m'”"""'," |,']“”?-1.’h”‘_l'”’ in streans of the h"”-",'_ wiver system: Santn Fe River, Ft. White, Aup. 11, 1952 A7
{Btation numbers of T iﬂr'qn State ,r",{-gn-:i_ of Health) (With Suwannee River, Bell, Aug, 11, 1952 08
Lilis I.:lﬂl,f-:ll_:l."‘t. Univ, of Fla., JJ|'|:-L of BDiology) Buwannoga River, White SF'I'iiI'I;.UF_. Avg. 19, 1052 Tan
Suwannee River, Branford, Aug., 13, 1052 it
Six mile creck south of Bartow, Stution p-33, Suwannce River, Ellaviile, Aug, 12, 1962 15
Aug. B, 1952 386 Withlacooehee Rivor, Rocky Ford, Brooks Co., Gn.,
Peace creck, L. Meade, Station p-0, Aug. 7, 1952 4.80 Aug. 1952 95
Bear branch, Station p-37, Bartew, pH 3.5 Withlaccochee iver, UL 145, Madison Co. Fla.,
Kge, 4, 1UG2 (i3, Aup. 1952 An
Aung. 4, 19562 a6, Withlucoochee River, Pinctta Bridee, Madizson
March 2, 1952 178. . Co., Fla,, Aup, 1952 R
Bearbvurch, Bartow, Station p-3%, Aupr, 8, 1052 2 25.3 Withlacoochee River, Blue Springs Bridge,
Peace Liver, Homeland, Station p-11, Aug. 4, 1952 580 . Madisen Co., Fla, Aug., 1052 110
Peace River, Bowling Green, Station p-7, Aug. 5, 1052 4,53 Withlaccochee River, junetion with Suwannes,
Feave creelk, Station p-16, Aug, 6, 1952 K1 Aug, 1952 10
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Nteveaen fVeaduing fule sieks, A leedovn o,
Hatlehet croek, Monteocha Kl 200 miles nordh of
Walide CGainesville rond, Augo 31, 1952
IMatehel creel, Nt 24,
July iF, 1052
Aug, 26, 1952 low water
Alachua =ink, rorth edge of Paynes Prairvie
reecives Praivie ereek, Sept. 11, 1952
Hatehet Creck, Kt 26, Sept. 01, 1952
Camp's Canal, near Rochelle,
Hegtown Creock, Univ. Ave., Gainesville,
Aug. 26, 1952
Hegtown Creek, west branch, 16th Ave. Gainesville,
Aung. 26, 1952
Hogtown Creck, cast branch, 1ith Ave., Gainesville,
Aug. 26, 1952
Hortown sink, reecives Hogtown ereek,
Sept. 2, 1952
Prairie Creek, Rt. 20, east of Gainesville,
Aug, 31, 1952
Stream draining Hammock, Southwest of
Paynes DPrairvie, Sept., 11, 1952

Al fie River syztem
Alafia estuary, Junc 19, 1962
Fishawk creck, June 19, 1952
Alalia River
Above Lithia Springs, June 19, 1652
at Lithin Springes, June 19, 1962
Alatin Wiver, Riverview, June §i, 1952
South brench of Alnfia, Pinecrest, June 19, 1052
Aluafia River, Bloomingdale-Lithin ., June
19, 18562

Smaller Weat Coost Rivers (draining Phosphate districts)
Manatee HRiver estuayy, Kt. 301, June 19, 1852
Bt 675, June 19, 1052
Hillsborough River, Univ. of Tampa bridge,
June 15, 1952
Sulphur Springs, Tampa, June 18, 1952
Myrtle’s Fish Camp, June 18, 1052
Hillzborough River State Park, Junc 18, 1852
Rt 39, June 18, 1954
Deainape canal near Hillsborough River June
18, InG2
Braden River, tidal estuary, June 19, 1952
Muyakka River
West of Murdock, Rt. 41, June 20, 1952
At Btate Park June 20, 1952
Little Manatee River
Kt. 674, June 19, 1052
Lt 301, June 19, 1952
Anclote River, Eifers, Aug, 7, 1952
Brooker Creek, Mt. Odess, Aug 9, 1952
Withlueooehee River
Duannellon, May 29, 1952
Rt. 33, Mareh 2, 10562
Lake, Scuthshore, May 20, 1952
Ferhollowsy River, Aug. 3, 1952
Perry, July 20, 1052
Malatlakaha Creek, Okahumpa, Sept. 11, 1952

=Y

Inorgnnie Total *
I!

Jrpn ppm

2.0
d14
D87
BG0
S S00

1.81
2.47

AT0
..... 17

Capeilz el Riveen of Soeetle Flovido (See Gguee ®Y

CRRPOE 0F | NVESTIGATIONS B

{with Willkam Jenninges, Floruda Game nml Fresh
Water Fish Commizsion)

Taminmi Canal, Ochopes, June 21, 1952
West of Ochopee, 10 miles, June 21, 1952
East of Ochopee, 7.5 miles, June 21, 1952
Fast of Ochopee, 18 miles, June 21, 1652
East of Ochopee, 30 miles, June 21, 1952
East of Dade County line, 2 miles, June 21, 1952
East of Ochopee, 40 miles, June 21, 1952
Collier-Seminole State Park, June 21, 1952
At It 27
At Coral Gables canal, June 22, 1952
Coral Gableg Canal, peol, Univ. of Miami
Service Center, June 23, 1952
Miami Canal
At 26th Street, Miami, June 22, 1952
At 37th 5t, Miami, June 22, 10562
Eirzhteen miles north of Miami, June 22, 1952
Et. 29 canal running north from Everglades, Fla.
estuavine for first 6 miles, June 21, 1952
At Everglades
North of Everglades, 1 mile
North of Everglades, 2 miles
Novth of Everglades, 4 miles
WNorth of Everglades, 6 miles
Novth of Everglades, 0 miles
Nurth of Everglades, 12 miles
Hillshore Canal
Deerlicld, June 17, 19562
Belle Glade, June 22, 1952
Deerfield Beach, Aung, 22, 1952
2t. Lucie Canal, Port Mavaen, June 18, 10562
South New River Canal, Rit. 27, June 22, 1952
North Now River Canal
Rt 27, June 22, 1952
North of Miami, 45 miles, June 22, 1952
At Bolles Canal, Okeelanta, June 22, 1052
Lake Okerchobes
Bean City, south dike eanal, June 22, 1952
Clewizton, June 22, 1052
Wear meouth of Taylor Creek,
nerth shore, June 22, 1952
Caloosahutehee iver
Muoorchuven, June 22, 1052
Olgn, June 20, 1952
Olpea, Dee, 2, 1962 (J. B. Lackey)
Ft. Myers, June 20, 1952
Ft. Myers, Dee. 2, 1052 (J, B, Lackey)
West Palin Beach Canal, West Palm Beach, Aug, 22, 1952
Fisheating Creek, Rt. 78, June 22, 1952
Indian Preivie Canal, Ht. 78, June 232, 1952
Kissimmoee River
ite. 78, June 22, 1952
Below Kissimmee, Aug, 10, 1952
Ft. Bagsinger, June 16, 10562

Taylor Creek, mouth at Lake Okeechobee, June 23, 1052

Imperial River, Bonita Springs, June 20, 1952
Estero River, Iit. 41, Estere, June 21, 1952
Josephine Creel, De Soto City, Aug. 19, 1052

it

A

A

A
K

A2
Nil|
K

L

e

G

A
JE

01
LF
A1
N
A5
A
A
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Tnorpsinie
it

v
sl Cowaele, R AA00, Dhaevedp-d Mieee bl

oty Line, June 24, 162
Hmall Ceeek, N 441, 6 milis north of

Yohdiw Junetion, June 20, 1062

Niveeas wf Wead wwad Noptheas?! Floecida

Apalachicola River
Chattahoochee, Aug, 246, 1952 (USGS)
Chattahoochee, Aug. 5, 1952
Perdido iver, Barrineau Poark, Auer. 23, 1052
(UBGS)
Escambia River, Century, Aug. 23, 1952 (UUSGS)
Chipola River, Altha,
Aug. 11, 1852
Aug. 1, 1052
Coldwater Creek, Milton, Aupr, 24, 1952 (USGSE)
Ochlockenes Biver, Bloxham,
Aug, 11, 1852 (USGS)
Auag, 1, 1952
Choctawhatchee River, Carvville,
Aung, 2, 1852
Aug, 26, 1052 (UBGS)
St. Mary's River, Macelenny, Sept. 16, 1952 (USGS)
Naszau River, Rt. 1, Aug. 10, 1952

(hckiraceha Reover System

Above Silver River, Aug. 9, 1052 .003
It 40, Augy, 1952 s
Fureka, Aupe, 7, 1952
ureka, 1952
Moss Bluff, Aug, 18, 1952
QOrange Springs, Ang, 20, 1052
Lake Griffin (headwater of Oklawaha,
receives sewage), June 23, 1952
Cheange Lake Outlet, Citra, July 22, 1952
lochionsa Lake outiet, Lochioosa, July 22, 1042
Lochloosa Creek, Grove Park,
Orange Creek, Aupg. 20, 14562
Creck noar Mud lake, Avg. 7, 1952
Haines Creck, Lisbon, Aupg. 18, 1952

S o Jahen's River Spmteawr (see Hgure 9)

Lake George, at Silver Glen Springs,
Augr, 14, 1952
St. Jehn's River, Green Cove Springs,
July 1G, 1952
Doctor's Leke, Rt 17, Aug. 9, 1952
Qriega River, Rt 21, Aug. 5, 1952 :
Black ereck, BL 17, Avg. 9, 1962 .
Trout eveck, Dinsmore, RE, 1, Aug. 19, 1952 ...
At. Johre River, Crows Bluit, Voluaia Co.,
(K. Strawn) Sept. 3, 1852
St. Johns River, Rt 192, June 23, 1952
St. Johns Iiver, Rt 50, June 23, 10562
Se. Johns River (Palatka), July 19, 1952 015
Econlockhatehee River,
Rt. 414, Oviedo, June 23, 1952 2.1
Chulota (USGSE), July 29, 1952

Totnl
I'l

v
AWy

LI

453
187
A3
027

044

119

0G5
NiEE
040
21

A17
O07
D15
61

2.67

i e,

TLEOIET 0F LRI TIOAT IO N MO,
TnorEnniy
11

R RTEL

Davloer Fessmugs, Jume 208, 1952
Take Momioe, Sanford, June 250, 106
Wekiva lover, L -G, Jume 205, 1062
Creck, north shore of Creseent Lake,

Anddnlusin, Jaly 9, 1952
Pk Wishinglon, miarshes, Augusl, (W, Jonnings)
Creek, Hastings, BL 207, July 14, 1952
Creseent Lake, Andalusia, July 19, 1952
Clavke cicek, south of Green Cove Springs,

Aug, £, 1962

1V, Lales, ponds, sinlks
(Some data on lakes in appendix scetions on Oklawaha
and St Johns rivers)

Sinke
Green sink, Univ, of Fla., Gaineaville,
Aug, 5i, 1952 1.01
Dairy sink, Univ. of Fla., Gaineaville,
Aug. 31, 1952
Sink, Administration Building, Univ. of
Fla., Gainesville, Avng. 31, 1052

Lakes
Lake Aliev, Gainesville,
{fertilized surrounding fclds, Heron roolery)

July 16, 1952 (D. Karraker) 530
July 16, 1252 (D, Karraler} 230
Lake Sarta Fe, July 13, 1952 015

Lake Genova, Keystono Heiphts, July 16, 1952
Broaklyn Lake, Kevatone Heights, July 106, 1062
Kingsley Lake, July 16, 1952
Hampton Lake, Bradford Co., Aup. 31, 10862
MNewnan's Lake, Gainesville, Augr, 31, 1952

West edge

Outiet

May 16, 1952
Lake Kanupaha, Gainesville, Aug. 31, 1952
East Tohrpekaliga Lake outlet, St. Cloud,

Aug. 21, 1952 (USGS)
Tohopekulipa Lake Ouotlet, 8t. Cloud,

Aug. 21, 1052 (UBGE)
Lake Hochelle, town of Lake Alfred, March 2, 1052
Jehnson Lake, Clay Co., June, 1952 (M. Westfall)
Pebble Lake, Putnam Co,, June, 1952 (M. Westfall)
Lake Ola, Mt. Dera, June 20, 1952 {W. Jennings)
Spring Lake, Winterhaven, Fla., March 2, 1952
Lake Dora, Mt, Dora, June 20, 1952 (W, Jennings)
Lake Weir, Oklawaha, June 20, 1952 {W. Jeanings)
Lake Okeechobee,

Clewiaton, June 22, 1852

North shore, June 22, 1952
Bivin's Arms, Gainesville, July 11, 1952

Unfiltered Rl

Filtered
Lake Eustis, Tavares, June 23, 1952
Clubhouse Lake, T miles east of Kovstone

Heights, June 15, 1952 (H. Hansen)
Reedy Lake, outlet, Frostproof, Aug. 19, 1952 (USGSE)
Istokpoga Lake, cutlet eanal, Cornwell,

Aup. 19, 1952 (USGS)

W



Tk i il
Rt A abiepdhle S0
Hanna Fale, outlet, Luls, Aup. 8, 1052 (USGS)

Hutehindg Lake, outlot, Lutz, Aug. 8, 1052 (USGS) 4
Lake Wauvberg, Gaineaville, i
et dab i s B |
June 27 1052 5 227 - PETROLOGY OF EOCENE LI : *
Lalke ‘.Ttﬁ"inn:-JL:'.-JH{'ﬁ. Deland, Aug. 29, 1052 Eé: ! OF EOCENE LIMESTONES IN AND
Sl f"r.hl-l:f.";, Pools, Marshes AROUND THE CIFI‘RUS'LEVY COUNTY ﬂ“EJ‘-\, FLORI

Flatwoods pond, roadside ditch connection,
Alachua Co., 4.2 miles north of Rt. 24

en Monteocha road, Aug, 31, 1962 . D72
Pool, marshy marging of Lake Kerr, north shore,

Marvion Co., Aug. 7, 1952 J000 |
Swampy tributary in Suwannee floedplain, Carver's

camp, 10 miles south of Oldtown, Aug. 6, 1852 i Jd12

Pond in Hammock, Duckweed covered, Rt. 329, 4 miles
gouth of Bt 235, 3 miles east of La Crozse, |

Alachua Co., Aug, 31, 1952 . 100 By
Fla'}c{waaﬁa pc;ld, lﬁ.t. 3%1. 1 {niic Enrthggg Orange 850 f
eights, Alachua Co., Aug. 31, 1852 03 o - [T, TRgp
‘Bnatkhn:rsin. m;‘lnr mm&th of Slﬁver Springs, R 035 i Alfred Geor ge Fischex
Creek, slugrish meander in cypress swamp, Rt 52, | oz .
San Antonio, June 18, 1952 004 I University of Kansas, Lawrence, Kansas

Pond, sandy duncz, maidencane, in serub arvea,
Et. 18, novth of Weeliiwachee Springs, Hernande

Co., May 30, 1952 S 00
Pond, sardd dunes, maidencane, in serub area, Tt 10, |
Weekiwachee Springs, Hernando Co., May 30, 1062 .. 004 -

Pond, sand duncs, maidencane, in serub avea, Kt
19, north of Weskiwachee Springs, Hernando

Co,, Moy 30, 1952 Jne {
Marsh water, seepage from Fowlers Pravie, Rt. 20, |
Putnam Co., June 9, 1962 260 -
Flatwoods pend, %-% mile south of Devils i
Millhopper, Alachua Co., Sept. 11, 18562 i 070 {
Edgar Clay Pits, Edgar, Putnam Co., 25 miles
east of Gailnesville, Sept, 10, 1862 __. 027
Pand, 7710 miles south of Wachoota, Alachua
Co,, Sept. 11, 1952 e 1.0
Slough between Kanapaha Pravie and Levy Lake,
Alachun Co., Sept. 11, 1952 017
Pond, hyacinth filled, along road, 12,2 miles
south of Wachootn, Alachua Co., Sept. 11, 1952 077
Fiatwoads pond, along road, 11.3 miles south of
Wachoota, Alachua Ce., Sept. 11, 1952 A3 May 21,
}‘l.’até:rme]un Junll:ii, Archer, Jﬁllyfﬁ& 1962 e = D y 1949
*ond, watershield, just north o ‘ntevmelon f & g
Pond, Archer, July 30, 1952 136 | Report to the Florida Geological Survey
Cummer Limestone Co, Quarry, Oeala, Aug, 18, 1852 . 63 i
Taale Apepla Lake, pond-like coves, It. 200, i
June 18, 1952 S 013
Tanla Apopla Lake, small stream draining margins, |
Rt. 200, June 18,1052 . 027 |

Pond, Mavion Co., 1% miles east of Rt. 42 and |
Rt, 450, Aug. 30, 1952 s J21 |



