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LIMNOLOG Y OF TAY LOR CREEK IMPOUNDMENT
WIT H REFERENCE TO OTHER WATER BODIES IN

UPPER ST. JOHNS RIVER BASIN , FLORIDA

By Donald A. Goolsb y and Benj amin F. McPherson

ABSTRACT

Tay lor Creek Impoundment was constructed on the western side of the
upper S t .  Johns River  basin as par t  of a plan for flood control and
water  regula t ion . The impoundment , which has a surface  area of about
4 ,000 acres , was i n i t i a l l y  f i l led late in 1969. Water of relatively
poor qua l i t y  was observed In the impoundment during its f i r s t  three
years of Its existence (1970—72).

The depth of the impoundment is s u f f i c i e n t  to allow thermal s trat i-
f i c a t i o n , and a thermocline usually develops at depths of 8 to 10 f ee t .
Dur ing  1970—72 the hypolimnion remained anaerobic for  more than half the
yea r .  The hypolimnion also accumulated high concentrat ions of phos-
phorus, ammonia—nitrogen , carbon dioxide, ferrous iron, hydrogen sulfide

p and other substances. The poor water quality is attributed to the
decomposition of flooded vegetation , decomposition of soil organic
mat te r , and heavy grow ths of phy toplank ton and duckweed stimula ted by an
abunda nt  supply of nut r i~ nts .  Flushing of the impoundment and depletion

• of leachable nu t r i en t s  and soil organic matter  have led to an improvement
in water  qua l i t y  since 1972.

Du r ing 1973 and 1974 the depth to the top of the anaerobic zone
inc reased to more than 12 feet  and by 1974 the period of anaerobiosis
dec reased to less than 2 months out of 12. Phosp horus concentration
after the fall overturn decreased more than 50 percent between 1970 and
1974. The reduction in biochemical oxygen demand during this period
suggests a decrease in primary productivity.

Wate r released from the impoundment during the period 1969—75 was
simi lar in quali ty to nearby Wolf Creek and Jane Green Creek. Of 21
physical, organic , and inorganic constituents, only ammonia—nitrogen was
significantly higher in releases from the impoundment than it was in the
natural  streams . Dissolved oxygen was higher in water released frcs~ ~he
impoundment than in the natural  streams and dissolved solids concen-
trat ion were lower. Large releases from the impoundment may , under
certain conditions , produce velocities great enough to resuspend bottom
sediments several miles downstream at a point where Taylor Creek flows
into Lake Poinsett.

1

-5-—

— - _•_ _ _ _________ _s•t___
~~~~~

&aM 
~~



INTRODU CTION

The St. Johns River originates in ~ wide expanse of marshes north—
east of Lake Okeechobee (fig . 1). From these headwater marshes , water
flows slowly northward 30 to 40 miles to the vicinity of Lake Hellen
Blazes where a river channel first develops. From this point the river
f lows northward more than 300 river miles and ultimately discharges into
the Atlantic Ocean east of Jacksonville , Florida.

The upper St. Johns River basin (fig . 1) has a drainage area of
about 2 ,000 mi2 . The basin is bounded on the east by a coastal r idge
which separates It  from the Indian River basin , and on the west by a
ridge which separates it from the Kissii~nee River basin. The southern
boundary is poorly defined because of extremely f lat  topography. The
upper St. Johns River , which includes that part south of Lake Harney , is
characterized by an extremely low hydraulic gradient of about 0.2 f t  per
ml (Brown and others , 1962). The headwater marshes are only about 25 f t
above mean sea level. Lake Harney at the northern end of the area is
normally less than 6 f t  above mean sea level , but rarely below sea level.

The northern part of the upper St. Johns River basin includes a
river flood plain , or valley, and well—drained uplands. Marsh land is
confined primarily to areas near the river channel , and prairie and pine
forest occupy much of the flood plain. The river In this region flows

• through Lake Hellen Blazes , Sawgrass Lake , Lake Washington , Lake Winder ,
and Lake Poinsett. The well—drained uplands are most prominent along
the western boundary of the basin . Several streams drain from these
western uplands into the St. Johns . These include:

Ft. Drum Creek Wolf Creek
Blue Cypress Creek Taylor Creek (now impounded)
Jane Green Creek Jim Creek
Pennywash Creek Ecoulockhatchee River

The flood plain of the southern part of the basin is a headwater
marsh. Blue Cypress Lake , the only large open body of water in this
region , is located on the western side of the St. Johns headwaters marsh
just north of State Road 60 (f ig . 1). The lake receives inflow from •
Blue Cypress Creek , Ft. Drum Creek , Padgett Branch and some overland
flow from the marsh areas south of the lake. Water discharges from the
lake to the north through marshes and a canal , into the area south of
Lake Hellen Blazes.
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Man ’ s Al t c ra t  ions in t h e  Has ! n

I)r a I nage of the F I ~sid l’l a in

AgrIcultural cut - t oac hmeu t anti d r a I n ag e  o I the upper  St . Johns
marshes began in the  earl \ 1900 ’ s . Dra i nage was ;tccomp I i si i t -d b~’ i-ana l s
dikes , and pumps. A ma lol - part of t u e  ear I v  development between 1910
and 1945 was accomp lished by drainage districts established on the
eastern f lood pla In. Areas were ii iked and drainage canals were dug to
the east , usua I Iv in  a swa Ic or low a rca of the Atlantic Coas ta l  Ridge ,
to the Indian River. The area within the dist n ets was then drained
mainly 1w gravity discharge into the Indian River or less often into the
St. Johns River . One district , the M eib o u r n e— T i l im an , sp read so far
westward into the marsh that It enclosed a d i s ti n c t  segment of the r i ve r
channel (see 11 g. 1) . The d r a i n e d  l and was used to grow c i t r u s , sugar—
cane , and truck crops  and to gra~ t’ i’at  t i c .  F i g u r e  2 Illustrates the
draina ge and development that ocr it rred in the has in between 1900 and
1972.

l)r ainage and development in the upper St . Johns has In slowed in the
1930’ s and early 1940’ s becau se  of the  economic depress ion and Wor l d  Wa r
I I .  A f t e r  the war , development  increased as I n d i v i d u a l landowners and
c o r p o r a t i o n s  pushed  dikes farther into the flood p lain east of the r i v e r
and began to d r a i n  the marsh west of the riv er ( f i g s .  2 and 3) .  Ranch—
e rs dik ed o f f  p a r t s  of the wes te rn  marshland t o  support  grass d u r i n g
d rough t .  By 1957 the natural flood p~ ain south of Lak e Washington had
been reduced from about 680 to 250 ml (Cen t ra l  and Southern F lor i da  L
Flood Control  D i st r i c t , 1970) and much of the na tural  f r e s h wat e r  r u n o f f
in the upper basin was d i v e r t e d  to the I n d i a n  R i v e r .  Dur ing  a wet year
as much as 300 ,000 acre—ft may be diverted (U.S. Arms’ Corps of Engineers ,
1957 ) .

Drainage  of the upper St. Johns marsh and reduction in size of the
f lood  p la in  has resul ted In a reduced s u r fa c e  wa te r  s torage c a pac i ty  and
in ma rked changes in seasona l water  levels.  Dur ing  periods of heavy
r a i n f a l l , runoff  causes water  levels to rise hi gher tha n they would have
under na tu ra l  cond i t i ons  when s tor age  capat-itv was much g rea te r .  During

• per iods of low r a i n f a l l , w i t h  less wa te r  in storage , wate r  levels  drop
lower than they wou Id have under  n a t t i r a  I condi t  tons . As a result ,
floods and droughts have become inc re a s ing ly  f requent  and severe . The
fl ooding Is also cost ly .  In 1947 flooding caused more than 4 m l i i  ion
dol. ta rs in damages (Centra l  and Sou thern  Florida F’ ood Cont ro l  D i s t r i c t ,
1970) .

A puh l  I ~‘ works p l a n  to lie I p a l l e vI a t e  the f 100( 1—drought problems in
the upper St . Johns R i v e r  has In  was app roved by Congress in 1954 as part
of the Flood Contro l Act (Public Law 780, &lrd Congress , 2d Session)
The p ian ( f i g. 4) p rovided I or both  v a i l  ov ese i v o  i rs  and U~ land t r ihu—
t a ry  reserve ir s  t o  p r o v id e  fo r  flood eon r . • l o w — f l  ow augment  at  ion , and
water  fo r  inun Ic t pa 1 and a gr i c u l  t t c r a l  use . r dr t  of  the  authorized works
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have been completed ( 1977).  In the val ley ,  Sebastian Canal ( C— 54) has
been comp leted. On the weste rn side of the basin , Jane Green Reservoir ,
consis t ing of levee — 73 and structures 161, 221 , 163, and 164 , has been
comp leted ( 1977) .  This up land reservoir was constructed to impound
Tay lo r Creek , Wolf Cr eek , Penneywash Creek , and Jane Green Creek . When
f i l l ed  to a stage of 46 f t  above mean sea level the Jane Green Reservoir
would contain about 245 ,000 a c r e — f t  of water  and would cover about
27 ,000 acres. The Taylor Creek pa r t  of the reservoir was filled late in
1969 . As of 1977 the remaining par t  of Jane Green Res ervoir had not
been impounded because of st rong  opposi t ion from environmental  groups.

Taylor Creek Impoundment

Taylor Creek Impoundment , on the west side of the upper St. Johns
Ri ver basin , drai ns an area of about 52 mi 2 ( f i g .  1) . It was in itially
f i l l e d  in Au t umn 1969 and covers par ts  of Taylor Creek and the north and
south forks of Taylor Creek. L i t t l e  or no clearing was done in the
impoundment area before it was filled. Nat~ira1 vegetation , inc luding
hardwoods such as cypress, oak, and gum near the creek channels , and
mostly pines, palmettos, and natural grasses at higher elevations ,
was inundated when the impoundment was filled.

Water is released from the impoundment through control s t ruc tu re
164 into the natura l creek channel. Under natural conditions most of
the discha rge from the creek entered the St.  Johns River north of Lake
Poinsett. Since about 1970, however, discharge from the creek has been
dive rted into Lake Poinsett  about 0.75 ml south of Highway 520.

Alter native Plans for Water Management I- i
Several alternate plans for water control in the upper bas in have

been proposed by the U . S .  Army , Corps of Engineers and also by several
State agencies. There is general agreement in these plans to operate a
the proposed Jane Green Reservoir as a temporary detent ion area w i t h  no
permanent storage of water. Under this proposal, flood waters would he
detai ned temporari ly in the upland reservoir for periods of as much as
90 days to prevent flooding in the valley. Onl y floods which occur more
frequently than once in 5 years to once in 10 years would require use of
the upland detention areas. This proposal is included as part of the
Corps of Engineers revised p lan for the upper basin.  No action wi l l  be
taken , however , unless the f u l l  p lan is presented to the public and an
environmental impact statement is prepared and approved .

Purpose and Scope

Construction of the proposed reservoirs in the upper St. Johns
Ri ver basin has raised many questions regarding e f f e c t s  of the reservoirs
on the aquat ic  environment. To help answer some of these questions and
to provide a s c i e n t i f i c  basis for decisions pe r t a in ing  to the construc-
tion and operation of the reservoirs , the U . S .  Geological Survey, In

S
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cooperation w i t h  t h e  Sout h Florida Water Management l)lstrict and the
U.S. Army , Corps of Eng ineers , conduc ted several in~esti gatlons in the
basin from July 1969 to July 1975 as follows:

Jul y 1969 — June 1971 A wa te r—qual i ty  reconnaissance investigation
of the upper St .  Johns River basin.

July 1971 — Ju ly 1973 An intensive investigation of Taylor Creek
impoundment. - -

Ju ly  1973 — 1976 Water—quality monitoring.

The 1969—71 w a t e r — q u a l i t y  reconnaissance investi gation was made to
• qua l i ta t ively  assess the ex i s t ing  chemical  q u a l i t y , biolog ic , and
• environmental  c o n d i t i o n s  in the  upper  S t .  Johns River  bas in .  Resul ts  of

this  recon naissance , documented b y Coolsby and McPherson (1970) show I -

tha t  the w a t e r  in the then n e w l v — t  ormt’d Tay lor Creek  Impoundment was of
poor q u a l i ty .  Ev ident-c tor poor w at e r  q u a l i ty  included low dissolved (
oxygen concentrations , chemical stratificati on , and high nutrient con—

• cent rations .

Because of the poor water quality In the impoundment and because
water in the other  upland reservoirs  yet  to he compL-ted would , no r

• doubt , presen t probl ems , an In t ens ive ’  limnological investigation was
conducted in the impoundment between J u ly  1971 and Jul~ 1973. Objec —
tives of the s tudy  were to: ~l)  document c h e m i c a l  and b i o l o g i c a l
conditions in the impoundment . (J) d e f i n e  the a r - a i  and sea sonal  patterns •

of stratIfication , (3) examIne the e f f e c t s  t I l l downstream water q u a l i ty
of re leases f rom the impoundment , and (4 de t e rm ine  how re leases  could
best be made so as not to advers e ’lv  a f f e c t  the q u a i l  Lv  of the water in
the St. Johns R i v e r .  Blue Cyp ress  l ake was included In the s tudy  as a
control to provide concurrent  chemical and biologi cal Information on a
nearb y na tural  w a t e r  body.  Al  though there  are  i m p o r t an t  I imno log ical

• d i f f e r e nces between Blue Cyp ress l ake and T ay l o r  (‘reek Impoundment , bo th
are in the same major dra inage  basin and the lake is  reasonab lv repre-
s e n t a t i v e  of the t y p i c a l ly  sha l low , n o n s t r a t i f  t e d  wa t er  bodies in the

• area. Data were a l so  needed on Blue Cypress  l.ake because i t , too , would
- • be af fee ted b y the proposed water management plans .

In a d d i t i o n  to the intensive ~tudv el Taylor  Creek Impoundment and
Blue Cypress  Lake , data have a lso  been co l l ec t ed  at b imonthly In t e r v a l s
f rom Wolf Creek , Jane Green Creek , and t rom severa l points on the main
stem of the St. Johns River since 1971 as p ar t  of a separate long—term
monitoring p r ogram In the b a s i n .  These a d d i t i o n a l d a ta  add materially
to the understanding of lay b r  t -e-k I mpciundment . Upon complet ion o f
the tnt ens ivt’ s tudy In ~~) 7 ~, s t a t  ions i n  th e’ impoundment and Blue

• Cyp ress Lake were added to the’ long—term monit oring program.

This  report  pre sents  the  r & ’stii t s  o t  c l i e nt  ~-a 1 and b i o lo g i c a l  In v e s t
ga t Ions made in lay I or C reek Impoundm ent  I rem I t s i nit (a I f tiling in
1969 to Jul v 1975. ComparIsons  are made between the ’ Impoundment and
Blue Cyp ress Lake and , where .i ppr op  r l i t  e’ , the  q u a l i t y  of the w a t e r  In

9
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the impoundment is also compared with streams in the area and with
published data on various lakes in central Florida. Much of this report
is based on the data from the intensive investigation between July 1971
and July 1973. Descriptions of long—term (5 to 6 years) limnological
changes which have occurred in the impoundment are also presented.

Acknowledgments

We thank the South Florida Water Management District  (SFWMD ) and
the U .S .  Army Corps of Engineers for  their cooperation and support
during this  study . We are also indebted to Robert Taylor and Richard
Irons of the SFWMD for furnishing stage and discharge data and to SFWMD
personnel at Melbourne for their assistance in providing controlled
releases of water for Taylor Creek Impoundment.

I.

METHODS OF INVESTIGATION

Locations of Sites and Sampling Frequency

The locations of sampling sites in Taylor Creek Impoundment , Lake
Poi ne t t , an d Blue Cypress Lake are shown in figures 5 and 6. Other r -

sites samp led du r ing the inves t iga t ion are shown in figure 1. These
sites and the approximate sampling frequencies for the various segments
of the investigation between July 1969 and June 1975 are given in table
1.

The water—qual i ty  constituents which were measured varied somewhat
throughout the various segments of the study . Generally, specific
conductance , pH, dissolved oxygen and temperature were measured in the
field on each sampling trip. Samples were analyzed in the laboratory
for nitrogen and phosphorus species (n it rate , n i t r i t e , aninonia , organic—
nitrogen , orthophosphate and total phosphorus), total organic carbon ,
t iochemical oxygen demand (BOD), silica, color, turbidity, and alkali-
nity. Samples collected at the primary sampling sites, marked ** on
table 1, were also analyzed for the dominant type and numbers of
phytoplankton. The major chemical consti tuents (calcium , magnesium ,
sodium , potassium, bicarbonate, sulfate, and chloride) and trace elements
(arsenic , cadmium , copper , iron , lead, manganese , mercury , and zinc)
were measured four times each year during the reconnaissance and inten-
sive studies and twice each year—— in about May and September——as part of
the continuing monitoring program.

During the intensive study, measurements of primary product ivi ty
(l ight—dark bottle method ) were made on each sampling trip at sites 1,
2 , and 3 in Taylor Creek Impoundment and at sites 16 and 17 in Blue
Cypress Lake . Benthic invertebrate samples were also collected at these
five sites on each samp ling t r ip .

10
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I,’

S

Samp Ii ni’ Col 1~-e t Ion and A n a ly s i s  Methods

~~sso1v -d I~X V~~OII and temperatur e were measured in p lace w i t h  a
i~- I low Sp r i n g s  I n s t  rumeut (‘omp. tuv  mode [ 54 1 m ete r  equi pped w i t h  a 1)0 and
t m p e r a t i c r e  probe and submer s ib l e  s t i r re r . Measurements  of p !-1 we re made
I m i i wd i at e l v  a f t e r  samp le -~~1 1i-~- t  Ion w i t h  an Orion model 401 ’ pH m e t e r .
A flow—through c- e l i  a r ran g e me n t  connected to a portable peristaltic pump
wa s used in  measu r ing  pH and Eh ( o x i dat i o n— r e d u c t i o n  po t en t i a l )  in
v~-r t  i c’ i  I p r of  I le~ i n  my  b r  ( r eek Impoundment .  This enabled measurement
of  these t w o  par ame 4- ~- r- ; he t ore the sample came In con tac t  w i th  the
a t mo s p h e r e .  Eli w- es measured w it h  an I s r i o n  model 401 ’ p H mete r  using a
p l s t j n u m  e l t - c t r o d i  and ea l ome l r e f e r e n c e  e lec t rode . Potentials  uv~asured
ag a i n s t  the  e l l o f l i O l  r e t  e n - n i - c- d c - i-t r ade  were converted to Eh by adding
24 5  m i l l  j v~’l t s  to t h e  measured value  to cor rec t  for  the  po ten t i a l  of the
calomel c- I e - c t r o d e .  ~~~ - c i f l i -  conduc tance  was measured wi th  either a Lab—
Line  M a r k  5 1 

~~~~~ i i  ii conduct an s i- meter  or a Yellow Springs SCT ’
c o n du c t a n ~ c mt - t e r .  t~’a t er  transparency was measured w i t~ a secchi disc
h a v i n g  a i t e r ni t i n g  b la ck  and w h i t e  q u a d r a n t s .

A l l  samp les for chemical analys is  were col lected wi th  either a non—
m e t a l l i s - point samp ler  (WI LDCO ’ model 1540) , a po lye thy lene  bo t t l e  held - -
in a c~ei gli t ed sampler , or a p er i s ta l t i c  pump . Samp les from d i sc re te
dep t h s  were c o l i e c t e d  w i t h  the po in t  sampler or p e r i s t a l t i c  p ump . The
w e i g h t e d  b o t t  le  sampler was used to co l lec t  d e p t h — i n t e g r a t e d  samples •~ 

-• 
- •

f rom i l l  o r  pa r t  of  t h e  water column . Unfiltered samples for nitrogen
and phosp horus  species , s i l i c a , ROD , color , t u r b id i ty , and a l k a l i n i t y
we re ~tored in p o l y e t hy l en e  bo t t l e s  which had been thoroughly rinsed
with t he  sample and immediate ly  placed in an ice chest.  Unf i l t e red
samples  f o r  anal y s i s  of t o t a l  organic  carbon were stored in spec ially
cleaned g lass  v i a l s  and s tored  in an ice chest .  The BOD analys is  was
s t a r te d  w i t h i n  24 hours a l t e r  the samp le was collected and the remaining
a n a ly s e s  we re u s u a l ly  made within 72 hours after collection . Samples
wer e  r e f r i g e r a t e d  and s tor e d  in the dark un t i l  analysis  began.

Samp les f o r  an a ly s i s  of anions such as chloride , s u l f a t e , and
f luor ide , and d i s so l v e d  solids residue , were f i l t e red  through a 0 .45—
m i c r o m e t e r  membrane f i l t e r  and s tored in r insed polyethy lene bo t t l e s .
Samples for cation analysis (calcium , magnes ium, sod ium , potassium), and
d issolved t race me tals , were filtered through a 0.45—micrometer membrane
filt er , stored in acid—rinsed pol ye thy lene bottles and acidified to a p1-I
less than 2 w I t h  double distilled nitric acid. Samples for total metals
a n a ly s i s  (dissolved plus suspended metals , lead , cadm ium , mercury , and
o the r s )  were stored in ac id—rinsed  bo t t l es  w i t h o u t  f i l t r a t i o n  and were

The use of brand—named p roduc ts  in th i s  report  is for  i d e n t i f i c a t i o n
only and does not imply endorsement by the U . S .  Geological Survey .
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ac id i f i ed  to a p H less than  2 w i t h  doub le  d i s t i l l e d  n i t r i c  ac id .  Chem l ca_
analyses for the  m a j o r  ca t lons  and anions were u s i i i l l v  comp le te -I  w i t h i n
2 to 4 weeks ;  t race  m e t a l  ana lyses we~~t- u s u a l l y  completed w i t h i n  3 t o  6
weeks .

L a b o r a t o r y  a n a l y t i c a l  me thods  used du r ing  t h i s  st ’.idv are g iven in
Brown and o the r s  (1970) , C o er l i t z  and o t h e r s  ( l97~~~, and U . S .  Envi ron-
menta l  P r o t e c t i o n  A g e n c y  ( 1971) .

I t - i la:i~~to n s i n i p i e s  wei  ~- col l e r ~~ t f r e n i  the up r - -r  •~ f t  of t ln -
w a t er  c o l u m n  In l — l i t s - r p o l y e t h y l e n e  b o t t l e s .  Samples  w er e  nr  -~c - r v e -~
w i t h  3 ml (mIlliliters) of 2 p e r c e n t  fom a l d e hy d e  so l u .  ion , 0 .5  ml of 20
percent  de t e rgen t  so l u t i o n  and 5 to 6 d r o - s  of c t : p r i c  s u l fa t e  s o l u t i o n
for each liter of s im p l e .  Sa~~p les were s to r ed  in  t h e  dark  t in t  ii
analyzed , u~~c i i t  lv  w i t  l i i i  2 t o  -, i5-~~-k s .  The - h v t o p l a n k t e n  w e r e
and e n u m e r a t e d  u s i n g  the ~t - d w i s k — R a f t e r  me thod  is de s c r i b e d  by S l a c k  and
others (1973). Zoop lankton and ne t  p h y t o p l an k t o n  wer e  sampled by t o w i n g
a number 12—mesh (1 i~~— m i c r ~-m et e r )  net n e e r  the wa te r  s u rf a c e .

B en t h i c  i n v e r t e b ra t e  samples  wer e  e e l  lected with an Ekman dre d ge .
In most c ises three  grabs were  n~ de a t  each station and .- i eved  t h r o u gh  a
U . S .  Bureau of S tandards  Number  30 (589 m i c r o m e t e r s )  s ie v e. Inverte-
bra tes  were u s u a l l y  removed in the field and preserved with •5 pe rs - e - n t
f o r m a l d e hy d e  solution. A few samples  t ha t  were not  e a st  iv  S 1 C -V I -d  we re
preserved w i t h  f o r m a l d e hy d e  so lu t i on  and lat e r  examined i n  the labora-
tory . The i n v e r teb r at e s  were counted  and expressed as numbers per
square m e t e r .  Species d i v e r s i ty  was computed using the method de v e l o p e d
b y Wilhm (1970). This diversit y index is independent of the number  of
samples , and i t  expresse- s the r e l a t i v e  impor tanc e of each species .

Pr imary  p r o d u c t i v i t y  was m ea s u re d  by means of the ‘X\ ’~’eI1 l i~~!i t — a nd—
dark b o t t l e  method (Am e r i can  P u b l i c  Hea l t h  A s s o c i a t ’ en , 1’~~ l ) .  C1 , - a r
and opaque ROD bottles were c a r e f u l ly  f i l l e d  wi th  w n t e -r  f rom sel t i
depths. The bottles were then suspended in the water ar  the - t e -~~t l i  ro n
which the samp les were taken and incubated for ~~~ hours .  F ’ 1 s s o l v-s~
oxygen was de te rmined  at  the  beg inn ing  and a t  the end of t h -  i n c u b a t i o n
period by the Wink le r  method except tha t  0 .025 N p h e n v iar s i n e  ox i sk- was
used as the t i t r a n t  instead of sodium t hio su l f a te .  P r i m a r y  p rodii t ivi t v
per un i t  of s u r f a c e  area was calculated by grap h i ca l  i n t e g r a t i o n  ~ f - re--
ductivltv measurements at various depths .

MORPH OLOGY AND HYDROLOGY

Morphology and hy drology have a maj or  inf luence on the c he m i ca l  and
biological character is t ics  of lakes and reservoi rs .  For ex a m p i - , a
small lake w i t h  a large dra inage  basin  rt ’c - s - ives  more  r u n o f f  cud n u t r I e n t
input per uni t  of lake volume than a large lake w i t h  comparab le  d r a i n a g e
and r u n o f f .  Consequent ly , the small lake is more s u b j e c t  t o nutrient
enrichment (eutrophication) problems . The ratio of drainag e - area to

lake volume is a measure of th i s  morp hological  c h a r a c t e r i s t i c  and is
useful  In under s t anding  Lakes and in making comparisons  be tween l ikes In
the same region .
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Numerous other morphological factors also aid in the understanding
of lakes. Bortleson and others (1974) used 7 morphological f actor s , in
addition to 4 cultural and 13 water—quality factors in developing a
relative classificat ion system to assess the eutrophic potential and
condition of lakes in the state of Washington. The 7 morphologIcal
factor s they used are: (1) mean depth , (2) volume, ( 3) bottom slope ,
(4) shoreline configuration, (5) drainage area to volume ratio, (6)
altitude, and (7) water renewal time . Except for altitude, these
factors are also useful in study ing Florida lakes.

Table 2 lists morphologic and hydrologic characteristics for Tay lor .
Creek Impoundment and Blue Cypress Lake. The meaning or derivation of
most of these factors is readily apparent; definitions fo r the few which
may not be apparent are as follows :

Bottom slope — slope of the lake bott om is defined as the ratio of
the maximum depth to mean lake diameter and is expressed as
a percentage.

Slope = maximum depth x x 50 4

where A = area of the lake

Mean depth — lake volume divided by the surface area.
Shoreline configuration ra tio — a measure of geological and
l i t toral processes affect ing the shape of the lake and is defined
as the ratio of the length of shore to the circumference of a circle
having an area equal to that of the lake surface.

Ratio = length of shoreline
2 / ~~~

where A = area of the lake

Water renewal time — time required to completely replace the volume
of water in the lake with an equal volume of inf lowing water. - -

Renewal t ime = Lake volume
Annual basin runoff

The drainage area to Blue Cypress Lake is reported as 489 mi2,
however all runoff from this area probably does not drain directly into
the lake. It appears that much of the runoff from the marsh south of
State Highway 60 Is diverted around the east side of the lake or out
of the basin to the Indian River by way of canals. Most inf low to the
lake Is probably derived from the Blue Cypress Creek basin and Padgett
Branch (fig. 1). The actual drainage area contribution directly to lake
inf low is estimated to be no more than 200 mi2.
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Table 2. ——tIc rpbo1o~~( c _aj~d_ ro1o~~l ch a r a c t e r i s t i c s  of Tav or Creek 

-

lrnp ocm t Blue CYpr e ss  l ake .

l a ~’ 1 or Creek Blue  Cypr ess
Imp oun dment 

- 
l a k e

Dra I nage a rca (ml ~) 52 a / 200
Su r f a c e  area (at -re ’s) 4 , 000 6 , 500
Elevation of water s u r fa c e  ( 1 1 7 1 — 7 5

ave rage) f t 
b ’  

2 2 . 5
Volum e ( , i c r e — t  t ) 26 , 000 — ‘ 55 , 000
Mean dep th  ( i t )  6. 5 8 . 7
Maximum dep th  m i t )  18 12
l ength ci sh o r t ’  l i n e  (ml  2 1 .4 14 .  5 is
Shoreline configur ation rat to 1~~4 I . 2
Bot tom s lop e ’  ( per c en t )  0 .12 0 .06
Dra inage  a rem .- stir fact ’  area rat to 8. 3 20
Drainage ac - ca — volume rat to  ( f t 2/ t t  ~ 1 .28 2. 1
Runof I I rom drainage basin (ft 3/s) /m i’ ~ . 2 — i  . 3 —
Average d [scharge ft ~/s C f 63 

/ 
— -5-

.

Water renewal t ime (yr) 0.5—0.6 ~ 0. 4— 0. 6
S u r f a ce’ a rea  — volume r a t i o  ( i t ’  / f t 3) 0 .15 0. 11

a/  Es t  [ mated a r ea  draining directl y into the lake.
b/ Estimate based on drainage area of 200 rn!2 and r u n o f f  values

ranging from 0.65 to 1.0 (ft 3/s)/m12.
Cl Estimated .
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Compa r ison of data in table 2 t~hows several noticeable differences
between the two water bodies. Blue Cypress Lake has about four times
more drainage area than the impoundment and has a drainage area—volume
r a t i o  and a dra inage  a r e a — s u r f a c e  a r ea  ratio twice as large as the
impoundment. These factors suggest that Blue Cypress Lake receives
considerably more runo t I per uni t  take volume than de ies Taylor  Creek
Impoundm ent .  Both water bodies have about the same water renewal time
and on the  average wa ter Is complete lv  c e p  l a c e d about two times per
year .  Even though Blue  Cypress Lake h a s  50 p e r c e n t  more surface area
than the impoundment , the latter has a considerably  longer shoreline (21
mi against 14 ml) and has twice as large -:i shoreline configuration ratio
(2.4 against 1.2). This illustrates the much greater irregularity of
the Taylor Creek Impoundment shoreline and indicates that the impoundment
has considerably more l i t t o r a l,  area and g reater  near shor e plant—growth
capac ity .

The SFWM D has measured outflow from the impoundment since July
1971. The aveçage discharge, July 1971—Apr il 1975 (fig . 7), was 135
acre f t  (68 ft~ /s) which Is equivalent to a runoff of 1.3 (ft3/ s)/mi 2
of drainage area. This runoff figure compares favorably with values for
nearb” Wolf Creek 1.4 (ft 3/s)/mi2 and Jane Green Creek 1.1 (ft 3/s)/m12.
The Wolf Creek basin is about one—half the size of the Taylor Creek

• basin and the Jane Green Creek basin is about five times larger than the
Taylor Creek basin.

The cumulat ive volume of water  discharged from the impoundment fr om
J u l y  1971 to Ap r I l  1975 is shown in f i g ure 8. Large quantities of water
were released during July , Augus t, and Sep tember 1974 in response to
heavy rainfall. During this 3—month period the volume of water in the
impoundmen t was rep laced th ree t imes. This rapid f lu sh ing  is reflected
in changes in seve ra l,  water—quality c h a ra c t e r i s t i c s .  These changes are
discussed in subsequen t sect tons of this report

I-’ i gen r e- ° shows monthly l a k e  love Is in Hint’ Cy p r e s s  Lake and Taylor
Cree k Impoundment and the month  l v  rainfall a t  M e l b o u r ne . The f i gu re , In
effect , compares s tages  I n  a cia nra 1 l ’npoundiuent (13 1 no Cy p r e ss Lake)
with a ccii t r o l l e d  or r -gu 1:1 led Impoundment (Tav Icr C n eck) . The leve l
of the  impoundment  rena [nod re’ I at  lye I v  s t ab  It ’ a t  4 2 +  1 f t  above mal
(mean se-a l e v e l )  between mId~~it )  ‘2 and 1975 , even though discharges have
ranged from 0 to n e a r ly  50 , 000 a c r e — f t  per m o n t h .  Blu e Cvpr e’ss Lake ,
however , has t~ Inc tua ted f rom about I ~ f t  to near  lv  25 t above’ ms I
d u r i n g  the  same pe r iod , responding ,  in t u r n s  • to wet and dry  seasons .

STRAT I F i CAT I ON

Chemical and thermal stratification i r e  two characteristics which
cl early distinguish Taylor Creek impoundment f rom B [u~ Cypr ess  Lake ’ and
o the r  lakes  and st reoms In the t ipp er  St  . Johns River has in .  Th ’ rina 1
strut if ication occurs in the impoundment c- h id lv  be-cause of its greater
depth , s m a l l e r  s u r f a c e  area , and poor mixing . The mixing a c t i o n  by wind
Is min imized  by al inement of the 1 e’ve ’e (1 — 7 5 )  and by t rees  s t a n d i n g  in
the impoundment .
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Therma l stratification in Taylor Creek Impoundment usually begins
in late winter .  As air temperatures increase , the temperature of the
upp er laye r of wate r also increases , and the upper layer becomes less
dense and is less easily mixed by wind circulation with the deeper ,
cooler water. As a result , the warm upper layer of water becomes
isolated from the cooler and denser deep water thus producing thermal
stratification. The warm upper layer which remains well mixed by wind
circulation is termed the epilimnion and the deeper, poorly mixed , layer
is referred to as the hypolimnion (see fig. 10). The region of maximum
temperature change between these two water layers is the therinocline.
Water in the impoundment remains thermally stratified until autumn when
air temperatures decrease and cool the epilimnion , increasing its
density until the water column can be mixed by wind action and density
currents. Water bodies such as the impoundment , which are completely
mixed during only one period of the year (one overturn) are classified
by Hutchinson (1957) as “warm monomictic” as opposed to dimictic water (
bodies, which overturn both in autumn and spring .

Chemical stratification occurs in Taylor Creek Impoundment as a
result of both thermal stratification , which prevents mixing, and the - •

oxidation of organic material in the hypolimnion. Organic materials in
the impoundment are derived from dead trees, sediment , and detritus , but
more importantly, from aquatic plants, primarily algae, duckweed , and . - -

hyacinth which grow and die in the epilimnion and sink into the deeper
waters. Production of the aquatic plants (photosynthesis) increases
during the spring and summer months with increasing periods of sunlight
and increasing temperatures, resulting in the removal of plant nutrients
such as inorganic nitrogen (nitrate and ammonia) and orthophosphate from
the photosynthetic zone.

As the plants die and begin to sink, bacterial decomposition of the
organic material commences. In the aerobic zone of the impoundment
oxygen is utilized by aerobic bacteria to oxidize the organic material.
The principal products are carbon dioxide, nitrate, and phosphate. Once
the plant material sinks below the thermocline, nutrients released in
the oxidation process are generally not available for further plant
production during that growing season. Not until an overturn occurs——to
bring the nutrients back into the euphotic zone—-do more nutrients
become available. As more and more plants are oxidized in the hypo—
limnion DO (dissolved oxygen) is depleted and anaerobic oxidation
commences. Anaerobic bacteria utilize nitrate (N03), sulfate (SO4), and
carbon dioxide (C02) as oxygen sources. Denitrification occurs first,
with nitrate being reduced to nitrogen gas (N2). This is followed by
reduction of sulfate to hydrogen sulfide (H2S) and finally, reduction of
carbon dioxide to methane (CR4). In addition to these three gases,
other products of anerobic oxidation are formed. They include ammonia
nitrogen (NH3—N), orthophosphate (P04—P), silica, potassium, reduced
organic compounds , and minor plant nutrients.
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Ii) a i i ,cr s i l ’ .ic  OX l eI.l t Ion p a r t  ci the carbon dioxide n e l e a s -~l h v dr o —
lv ,’es to blca rheina te’ (Ii(t ~r

l , in c r e a s i n g  the : i l k a l i i i t t v  ziiid l o w e r i n g  t he
p H , as i l l  us t rat Oei by the’ l o l l  ow lug reae’ t i o n :

( I )  C 0 2  l1~~ • - l ICe )  
~

- 4 II~

Ana e i-cl . Ic  ( re -due ’ I n ig  ~‘otid I t  ions and t In e  re’su I t  I ng lover p 11 a I o In c  rca ses
the  so m b  t i l t  v o I met a l l  i c ox i d e s  • h\- eircx id e s , ca rbon z i t i ’s . ph o sph i I c-s
and other miner t i s .  }l i s ~h c’e ’ne ’e’nt t a t  I el l i s  c i  d i  ;o I ~ed I e’r rotAs i ron ,
or t hophospha t e , nn an gane ’se’ • anunoii i i  , b I ca r l ’on.n t t’ • c i i’bem d i  cx i  si t ’ . S I I i  ~‘a ,
a iid o the’t’ Subs t alice’S usua l i v  s’s’cl i  r en  t he’ liv po 1 1 mu ion  as .i r e ’s n i t  o
t h i s  process.  -

•

C hem i c a l  and t h t ’rm a I t r a t  it ’ it -at ion in  l i v  l s ’i ’ Ci ’~-t -k I mp oun dme’nt a t
site ’ 1. ar e  i i  lust r ated  1-”,- the p r o t  I es shown i n  t i g e n r e -s 11 t h r o u g h ‘I •~

t o r  se I e ’~’ t eel da t ~es t rs ’m _ l t i  l v  I ~ 
‘t 1 t l i r o n i g h  t ine I ’~ ,’ -

‘ . The I hernee’ I i  nt ’ p.
usua l l v s ieve - I  op s be twecil slep ths ‘ i  . ansi 10 1 t ., iid slur lu g  t l i e stiimlle I’
t empe r a t  nrc c i t  I I en’ e-uc e ’ ,ec i-c t be t lie i-moe I i ne ra11s~e f l - cm 2 ” t s ’ (~ 

-, C .
Temp o ca  tur i’ S r an g e - I r em ,i h ’ s ’cn t 1 -s  “ C s i t u  I ice c. i l i t e r  t o  - , e’ia x [mum ci about 5’

2t~’C near the bottom el t ile ’ hype I inn  cu e et ~ t be ’ I o n e the  autumn t u r n o v e r .
Se’ve i-al tempt’ i-at t i re ’ pro I i I e’s ’;ho~5- c enep 1 cx t berm.i I t i l t  i t  i c i t  i on w i  t ic
two or more the’ c’ne’s’ l i ne s , such a ~ tlit’ ptc ’ t I e s  i-tast e’ Iii ,t u 1” aOst Angus t

q ; ~ t 1g. 11 ’ and ,) nice and Acign i s  t I Q ( I I c . . I ~‘l

• D u r i n g  th e’ s~in ’ tu g  acid summer mont ItS l~O s’oice ’e’nt r a t  ion usu ,i  l i v
dec’ roast’s sharp 1 ~ ‘ at or near  t h ’  t he m o 5 ’ I i ice . Iii  the ’ sumnee n- s 01 q ;o— 72

• p1) conc ’e’n t rat I Ot i s  d(’ e’ rt ’.c se’d to .‘e n’ ~’ at. dep t  u s  ci S i s ’ 10 f t  and an a e r ob i c
s’Oiisl I t ions p r e v a i l  Ce! in  about .~~~ pe n -cent ci the e , i  I er  \‘ s ’ I h one ’ i i i  t he
impoundment . In  t he summers ci I ~ and I ~ • Pt~ Coi ie’e’flt  ra t  (otis

~~~~~~~~~~ to .~ ‘ro , u t  d ep t h s  ot  I l )  to 1 ’  f t .

• Both p h and Eli dec ve , i t eed  sharp  lv  i t  or ’ nc e ’a i the d e p t h s  wlne me IX)
concentrations sit - e’r e ’as ed to ,~~t ’c I I  i s ~. I ~ t . T h e ’ sle-cleast ’ I ci p11 c eciced
f rem a few t en t h s  c t a un I t t c I . ~‘ u O i t  s atid I - h i  ci ten sic e’ r e t  scsI .i mcus ’ Ii
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Figure l l .— —Pr o f t ies of dissolved oxygen and t emperature in Taylor Creek
Impound ment at S I t e  1 for  Ju ly  1970 and selected dates  between July  1971
and March 1973.
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percent orthophosphate. Iron concen t r a t i ons  were also hi gh in the
• hvpolimn ion bec,.uuse of reduc ing  ~onditicns (low Eh) which keeps the iron

in the more so luble  ferrous (Fe~~ ) state. When oxygen is present the
f e r rous  iron is ox id ized  to ferric i ron (Fe+3) wh ich is about 1,000
times less soluble. These constituents , and the Ir relation to Eh and pH

• will be discussed in greater detail in subsequent sections .

Other  chemical  species and propert ies are also stratified , including
cai cium , magnesium , sodium , potassium , chlor ide , specific conductance ,
organic carbon, and o the rs .  Table 3 gives concentrations of chemical
cons t i t uen t s  in the su r face  and bot tom wa te r s  of the impoundment during
periods of n o n s t r a t i f i c a t i o n  and maximum s t r a t i f i c a t i o n .  It also gives ,
for  comparison , top and b o t t o m  concen t ra t ions  in Blue Cypress Lake .

In con t ras t  to the impoundment , Blue Cypress Lake exhibi ts  no
permanent thermal or chemical s t r a t if i c a t i o n , a l though  temporary s t ra t i -
fication develops for short periods during hot , calm summer days. The
absence of stratification in Blue Cypress Lake is attributed to i t s
shallow dep th and the larg e open sur f a c e  area , both of which permit
winds to keep the lake well mixed . The entire lake can be considered to
be an ep i l imnion.  Because the lake is shallow and well  mixed , the
oxidation and recycling of nutrients should be more rapid than in Taylor
Creek Impoundment .

WATER CHEMISTRY

The water chemistry of Taylor Creek Impoundment is governed by many
factors. These include inflow of inorganic and organic solutes leached
from the surround ing dr ainage basin , inflow of suspended sed imen t and
detritus , inpu t of solu tes and aerosols from rainf a l l  and dry f allou t ,
chemical reactions and biological activity in the impoundmen t, water—
sediment interactions and seasonal stratification in the impoundment.
The following sections discuss the water  chemistry in the impoundment in
relation to some of these controlling fac tors and also , to observed
changes in water chemistry with time . Discussion of Blue Cypress Lake
is included for comparison.

Dissolved Oxygen

DO concentrations in the upper few feet of the impoundment (site 1)
often varied between 2 to 4 mg/L daily and from less than 1 mg/L to more
than 8 mg/L seasonally (table 4; fig. 15).

DO concentrations near the surface were lowest during the early
stages of the autumn turnover when the anaerobic hypolimnion mixed with
the epilimnion . Also, during the turnover, concentrations were higher
in the shallow littoral areas than in the near surface waters of the
deeper areas. For example, on September 27, 1971 the surface DO con-
centrations in early afternoon were 4.6 mg/L at site 3, 1.6 mg/L at site
2, and 0.5 mg/L at site 1 ( f i g .  15).
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In general , the concen t ra t ion  of 1)0 In the deep w a ter  of the
impoundment has increased between 1970 and 1975 ( f i g .  16). The depth t o
the top of the anaerobic zone became greater  each year  f rom 1970 through
1973 and the length of time during which the hypolimnion was anaerobi c
decreased . In 1971 the minimum depth at which water was anaerobic was
about 7 fcet  and anaerobic conditions prevailed from early Ma rch u n t i l
earl y November.  In 1974 the minimum depth at which water  was anaerobic
was 12 f t  and anaerobic conditions prevailed for less than 2 months in
August and September. The improvement in DO probably is the resu l t  of a
stabilization of biological conditions in the impoundment and may be
largely due to the flushing of organic material and nutrients from the
inundated land . Changes in other parameters Including nitrogen , phos-
phorus, and major ions decreased as DO increased . These will be discussed
in later sections .

1.’
DO concentrations in Blue Cypress Lake were less variable than in

the impoundment. DO generally varied less than 2 mg/L daily (table 4, p4
fig. 15). The variations may become greater during heavy algal blooms.
During a large bloom of the blue—green algae Anabaena sp. in .iuiy 1970,
DO concentrations ranged from near 7 mg/L to more than 14 mg/L over a
24—hour period . However, only one such bloom was observed between 1969
and 1975. Seasonally , DO concentrations ranged from 5 to 10 mg/L and
the water was generally more than 80 percent saturated w i t h  oxygen ( f i g .
15) . DO concentrat ions were usually uniform throug hout the lake .

Nutrients

Nutrients are chemical compounds or elements essential for the re— •

production and growth of algae. At least 21 elements in some chemical
combinatio n are known to be essential  for  algal growth (Greeson , 1971) .
Of these 21 , n I t r oge n  and phosphorus are generally considered to be the
ones which most often limit algal growth. Excessive concentrations of
these two n u t r i e n t s  can s t imu la t e  nuisance algal blooms and increase the
ra te  of eu t roph i ca t i on  of water bodies. Silicon is a key n u t r i e n t  which
can be a limiting factor In diatom production. Also , when phosphorus is
plentiful in lakes and diatom production is limited by dep letion of
s i l ica , blooms of blue—g reen algae conm~onl y result (Russ e l—H unt er ,
1970) .

N i t rogen normally occurs in four form s in the aquat ic  environment .
These are organic n i t rogen (proteins , amino acids , polvpeptides , and
others), ammon ia (NH3—N), nitrite (N02—N) and n i t r a t e  (N0 3— N) . Phos-
phorus occurs as soluble inorganic orthophosphate (P04—P) and as dis-
sol ved and par t i cu la te  organic phosp horus . The forms of ni t rogen and
phosphorus most readi ly ass imilated by plants  are n i t r a t e , ammonia , and
or thop hosphate.  D issolved s i l ica  occurs in natural  waters pr imar i ly
as s i l i c i c  ac id (H4 SiO4 ’i .  Concen t ra t ions  of silica are reported as the
oxide (S W2) .
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A s t a t i s t i c a l  summary of nitrogen , phosphorus , and silica data is
given  in t a b l e  S . The t o t a l  o r gan i c  n i t r o gen  concen t r a t ion  averaged
1.05 mg/I . at  site 1 in the Impoundm ent  and 0.98 mg/I . at s i t e  3. Concen-
trations were slightl y highe r In Blue Cyp r e s s  Lake , averaging 1.25 mg/ L .
In bo th  w a ter  bodies  85 to 9() percent of th e  nitrogen was organic .
I n o r g a n i c  n I t rogen , most ly ammon [a , ave raged 0. 223  mg/L at s I te 1 In  the
Impoundment and 0.066 mg/ I ,  a t  s i t e  3 . In Blue Cypress Lake , n i t r a t e  was
the m a j o r  i n o r g a n i c  s p e c i e s  - ave rag ing 0.088 mg/L;  anunonia averaged
0.066 mg/ I . .  To t a l  phosphorus  c o n cen t rat  ions were highest  at si te 1 in
the  impoundment ( av er a g e  0. [05 mg/L )  , chi t -f lv because of s t r a t i f i c a t i o n .
At s it e  I ave rage total p ho splio rus t~ont .~- f lt  r at  ions were much l owe r
(average 0 .046 mg/I .)  and were s i m i l a r  to average concen t r a t i ons  in Blue
Cypress  Lake (0 .053  m g/ L )  . From 60 to  75 p e rcen t  of the phosphorus was
s o l u b le  i n o r g a ni c  o r t h op ho s p h a t e  .

For comparison , the average total organic nitrogen concentration in
the  S t .  Johns R iver a t  the ou t l e t  of l ake Po inset t  was 1.33 mg/ I .  and
to ta l  phosp horus averaged 0.06 1 ing/L; t o t a l  organic  n i t r o g e n  and total

• phosphorus averaged 0.76 and 0.085 mg/L r e s p e c t i v e l y  in nearby Wolf
Creek and 1.09 and 0 053 respec t ive ly  in  Jane Green Creek . According to
Davis and Marshal l  (1975) and Joyner (1974) , total organic nitrogen and ~ . 

-

t o t a l  phosphorus concentra t ions  in Lake Okeechobee averaged 1.44 and
0.051 mg/I., respec tivel y,  during the period 1969—73. The average total
organic n it rogen and total phosphorus concentrations of 55 central f

Florida lakes studied by Brezonik and Shannon (1971) were 1.02 and 0.125
mg/L respectively . These comparative data indicate that , except for
p hosphorus In t he  deep waters  of the impoundment , n i t rogen  and phosphorus
c o n c e n t r a t i o n s  in the impoundment and Blue Cypress Lake are w i t h i n  the
range observed in o the r  water  bodies in cen t ra l  and southern F l o rid a .

SilIc a concentrations averaged 2 .6  mg/L in the impoundment and 4 .1
mg/L in Blue Cypress  Lake . Si l ica  averaged about 4 .0  mg/L at the outlet
of Lake Pofnsett and in Jane Green Creek , 6 . 2  mg/ I , in Wolf Creek and 5 . 2
ing/L in Lake Okeechobee.

Stratification is the dominant factor affecting seasonal variations
in n i t r ogen  and phosphorus in the impoundment (fig. 17, 18). Concen—
tra t ions in the bo ttom wa ters gradually build up during spring and
summe r , then rap idly decrease when the autumn turnover occurs ( f i g .  17).

A long—term decrease in total phosphorus concentration has occurr ed
at s i t e  1 ( f I g .  17) . In 1970 , a f t e r  the Initial filling of the impound-
ment and in 1971, phosphorus concentrations ranged from 0.05 to 0.1 mg/ L
in the ep ilimnion , but since 1971 phosphorus concent ra t ions  have
gene ra l ly  been less tha n 0.05 mg/ L.  Phosphorus concen t ra t ions  in the
hypolim nion have decreased dramatical l y since 1972. Bet ter  i ndi ca t ion
of the long—term decrease in phosphorus is i ts  concentra t ion a f t e r  the
f a l l  turnover when the impoundment is well—mixed. Phosphorus decreased
to about 0.09 mg/I. a f t e r  the turnover in 1969 and 1970 , and to 0.04 mg/L
a f t e r the turnover in 1974. The decrease has probably resulted from the
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f l u sh ing  of phosphorus and other material leached from the inundated
vegetat ion and soi ls .

In 1975 total nitrogen concentration at sIte 1 in the impoundment
was approximately 1 mg/L, about the same as during 1969 and 1970. The
total nitrogen concentration in the surface and bottom waters was
considerably higher than 1 mg/L in 1971 and 1972 probably because of
greater primary production during that period.

In Blue Cypress Lake, phosphorus concentrations appear to be lowest
in the spring and early summer and highest in autumn , however no long—
term trends are apparent (fig. 19). No seasonal or long—term trends
were observed for nitrogen. Because the lake does not stratify , nitrogen
and phosphorus variations result mainly from changes in biological
activity, rates of input and output , and climatic conditions.

During stratification inorganic nitrogen and phosphorus concen-
trations in the ep ilimnion of the impoundment are reduced to a few
hundredths of a mg/L by algal assimilation . In the hypolimnion , algal
decomposition releases these nutrients , and concentrations of both 

I -

aimnonia and orthophosphate increase. High concentrations of anunonia and
orthophosphate in the anaerobic bottom waters may also be partly due to
the release of these compounds from bottom sediments. Mortimer (1971)
reported that if the DO concentration at the water—sediment interface Is p

less than 2 mg/L, large quantities of ammonia , orthophosphate , silica .
iron , and other substa nces  are released. On the o ther  hand , if  DO is
greater than 2 mg/L, very little of these substances is released.

Stumm and Morgan (1970) give the following equation for the assimi-
lation and release of nitrogen and phosp horus by algae :

106C02 + l6No3 + urt r 2 + I 22 11~() 1- 1811+ + tract’ elements

(2 ’ l
Ph t it o  TT V f l th eSf  S _

+ energy 
- ________ 

C10fsH1~ 3tt 110N 1fsP + 1 3802
Respiration

(algal prot op lasm)

As shown by the equa ti on . n it rogen and phosp horus are a s s im i lated  and
released In a molar ratio ot ifs to 1. When e i ther  of these elements is
dep leted photos~rn th es i s  ceases. In Taylor Creek Impoundment during
st r a t i f i c a t i o n , the mola r r a t i o  of inorganic ni t rogen to phosp horus In
the ep ili mnion is occasional ly  reduced to less than ~~w i t h  inorganic
nitrogen being v i r t u a l ly  depleted.  This suggests tha t  nitrogen rather
than phosp ho rus ma~’ be a l im it i n g  nu t r i en t  for  p lant  growth in the
impoundment. The In organic-ni t rogen—to—p hosphorus molar r a t io  in the
hypo l imni on , whe re decomposition and n u t r i e n t  release occurs , ranges
from 7 to 12 and th e  r a t i o  at  the t ime  of the f a l l  ove r tu rn  reaches a
maximum of tO to 13 .
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The jbovt - iqua t ion ~ iso s~-rves  to illu strate the  relation between
phosphorus and oxygen in p h o t o s y n t hes i s and resp i r a tor v Pr o c t ’sses . Each
m i l l i gram of pho sphorus ~O . 0  m i U  tmolc~ conver t  ~-d In t o  algal protop lasm
by photes\-nthes is product-s about 100 milligrams of al g a l  b iomass  and
yie lds  about 140 m i l l i grams of oxygen. Conversely , when the  100 n i l —
li grams of a l ga l  b lomass dies and s inks  into deep water such as the
hypo l imni on  o f Tay lo r  Creek Impoundme n t , 140 m i l l i g r a m s  of oxygen are
requi red  f or  I t s  complete decompos i t ion .  From t h i s  r e l at i o n  It  is easy
to see why the imnoundment , which  has a re 1 at  I VL ’ l v  sma l l  hvpo 1 imnion  by
volume , can t ’dS i i  \ develop . i i i - ie robi c c o n d i t i o n s .

Si 1 Ic a c onc cut  r a t  ions in b o t h  the impoundment and B I tie Cvp re-s s Lake
exh ib i t  d ramatic seasona l v ar i a t ion s . in  the ssii -lacc w at e r s  ( I  to  .3 f t
depth) of the impoundment , s il i c a  concent  r at  ions v ar y  f ron near ~e’ ro t o
more than 6 mg/ I. , and in the h v p o l i mn i o n  d u r i n g  s t r i t i f i c . i t  I on the
c o n c e n t r a t i o n s  can exceed 6 mg/L ( f i g.  2 0 ) .  In B lue  Cypress Lake s il i c a
concen t ra t ions  in in teg ra ted  samples r an ge  f r o m  ‘iear icro to more than
10 mg/L.  Seasonally , concent ra t ions  ar e usualh lowest dur ing  spr ing
and summer and highest  in autumn ; concentrations can change an order of
magnitude in 2 or 3 months (fig. 20).

The large va r i a t ions  in s i l ica  are ev iden t  lv t . i t t s ~ d by the as-
s i m i l a t i o n  and release of th i s  element  by d iatoms . Lund ( 19 f *S)  reported
tha t var ious  sp ecies of diatoms c o n t a i n e d  26 to t~ 3 pe rcen t  silica on a
dry  weight  basis.  Lund ( 1969) alsG repor ted  t h a t  t i i t ’ d i at o m  A s t e rione l l a
formosa u t i l i z e s  s i l i ca  and phosphorus in  a r a t i o  of more than  2 ,000 to
1, which f u r t h e r  suggests  t h a t  large variations in s i l i ca  c o n c e n t r a t i o n s
can occur a~; a resul t  of d i a t o m  g rowth .  Re la t ions  were obs~- rved between
s i l i ca  concent ra t  ions and d iatoms in the impoundment and Blue Cypress
Lake . These are discussed in the sec t ion  on phvtop lankton . - -

Organic Material

Dur ing  the  s tudy , three indicators of o r g a n i c  m a t e r i a l  we’re mea—
sured : TOC (total organic carbon) , BOL) . ~‘— day hioch eni I c.i i oxygen
demand) , and water  color .  TOC i s  a measu re’ of t i lt ’ t o t a l . im e’t l f lt  of
organic  carbon in the wate r  regardless 01 the compounds or t h e i r
b lodegradab 11 I t v  . BOD is a measure  ot  t h e  amount 01 C SX V gt ’n Ut l i i  .‘ -d in

— the bac ter i a l  ox ida t ion  of o rganic  m a t t e r  • howeve r , i t  does not pre’v ide
a good measure of s lowly degradable  na tu ra l  o rgan ic  subs tance ’s such as
humic and f u l v i c  acids which are leached from St’I is and v eg e t a t i o n .
Water  color is simp ly a measure of the yel low—brown c o l o r a t ion  ot  w a t e r
caused by dissolved and co l lo ida l  organic  compounds. A l l  three  of these
measurements  are useful in assessing the organic content  of natura l
waters .

-roc averaged 18 mgfL in Tay lor Creek Impoundment I, tahle  ~‘i and
about 2 2 tng / L  in Blue Cypress 1~akc. ~\s a rule— of—thumb , TOC v a l u es  c~l4 l

hc mu l t i p l i ed  by a f ac to r  of 2 to obta in  an e s t i m a t e’ of the  concen-
t r a t i on  of o rgan ic  m a t e ri a l .  ihe foregoing v a l ue s  indicate an ave - rage
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Table 6.——Statistical sunmtary of data on organic carbon, BOD, and water
color in Taylor Creek Impoundinen t and Blue Cypress Lake.
(Includes all sampling depths ; all data from point samp les).

Number Standard
Parameter of values M m .  Max . Mean deviation

Taylor Creek Impoundment (All Sites)

To ta l  Organic  Carbon , mg/ L 128 8.0 34 18.4 5.05-day Biochemical Oxygen demand ,- mg/c 136 .0 5.7 1.6 1.0Color Platinum — Cobalt u n i t s  124 45 260 130 44

Taylor Creek Impoundment (Site 1)

Total Organic Ca:bon , mgit 64 8.0 34 19.2 5.4
5—day Biochemical ocygen demand , mg/I. 67 .0 3.8 1.5 .9
Color Platinum — Cobalt units 62 45 240 132 4

Tay lor Creek Impoundment (Site 3) P
Total Organic Carbon , mg/j~ 25 8.0 25 17.5 4.4S—day Biochemical oxygen demand , nig /L 26 .5 5.0 1.6 1.0Color Platinum — Cobalt un it s  24 90 240 134 43

Blue Cypress Lake (All Sites)

Total Organic Carbon , mg/i 38 11 63 21 .7 8.55—day Biochemical, oxygen demand , mg /L 42 0.3 3.0 1.1 .5Cilor Platinum — Cobalt units 38 50 320 128 51

Blue Cypress Lake (Site 16)

Total Organic Carbon , mg/L 28 12 63 22.0 9.55—day Biochemical oxygen demand , nig/L 32 .3 3.0 1.1 .6Color Platinum — Cobalt units 30 50 320 129 57
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organic mat t e r  concentrat ion of 35 to 45 mg/L.  Seasonal or long—term
trends were not apparent; however , TOC concentrations increased with
depth in the impoundment during stratification due to algal decomposi—
t io n  and release of organic mat te r .

Average BOD was slightly higher in the impoundment (1.6 mg/L) than
in Blue Cypress Lake (1.1 mg/L) . BOD was generally highest  in the
summer when organic production by algae, and other organisms , .ias
greatest. A long—term decrease in BOD was observed in the impoundment
( f ig .  21) . From 1969 through 1972 , at s i te  1 ( s u r f a c e ),  BOD f r equen t ly
exceeded 3 mg/L.  Since 1972 , BOD rarely has exceeded 2 mg/L and general ly
has been about 1 mg/I. .  In Blue Cypress Lake BOD rarely exceeded 1.5
mg/ L , a leve l that  no doubt represents natural background conditions .

In both Taylor Creek Impoundment and Blue Cypress Lake the average
water color was approximately 130 p lat inum—cobal t  un i t s , however , the - I
ra nge and variability in color were greater in Blue Cypress Lake (table
6). No seasonal, long—term, or vertical variation was apparent .  Wat e~rcolor tends to increase , however , a f t e r a heavy rai n which flushes - -

.

organic mat te r  including huniic substances into the impoundment and Blue
Cypress Lake . The high color of the water severel y r e s t r i c t s  light
penet ra t ion  and consequently is a l imit ing f a c t o r  in primary production .
Secchi disk transparency measurements in both the impoundment and Blue
Cypress Lake averaged 30 in. This low transparency is due to water
color and not to turbidity.

Major Chemical Constituents

The major chemical constituents include the following cations and
anions: calcium, magnesium , sodium, potassium , bicarbonate , chloride,
sulfate , and fluoride. These constituents make up most of the in—
organic dissolved solids in water and to a large degree govern certain
chemical and physical characteristics of water. The sum of these
constituents is reported as dissolved solids (sum). Another measure of
dissolved solids is the residue on evaporation at 180°C. This measure—
ment which includes the above constituents plus all other dissolved
inorganic and organic compounds is also reported. Calcium and magnesium
tons are responsible for the hardness of water , and bicarbonate con—
centration to a large degree governs the lu f f e r i n g  capacity of water and
tends to regulate the pH. All of the above cations and anions carry an
electrical charge which contributes to the specific conductance of
wate r. Measurements of specific conductance can provide good estimates
of dissolved solids concentrations and , in many instances , concentrations
of the individual cations and anions.

The water in Taylor Creek Impoundment and Blue Cyp ress Lake is
classif led as a mixed chemical type in which calcium , sodium , bicar-
bonate, and chloride are the dominant ions. The concentration of
dissolved solids (residue) in the impoundment (all  s i tes)  averaged 89
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mg/ 1 ~ ab l e  / • about  ~n e— ha i t  the ave rage conc& ’nt r a t  ton  in  il l no Cvp ross
I ak i ’ - Wa t o t -  In  t ho imp ound men t  has  au ave r .i gt - ha rdne s of 10 tug / 1 as i -

~and I ;  
~

- 1 ass  I I I eti as sot  t • who reas w a ter  I n  111 ue t o s s  Lake w i t h
an ave  t -~i~~ - h a r d n e s s  ot  61 mg / I. is o l  as~; I t  I ed as mode u-a t e l  v hard .

l ht ’ t -o ul-on t r a t  ions  ot  most ma or ~-ons t i t  t i en t  s v a r  i t~tl seasoiia I l v  in
%I5 ~ o cI ia i igos  in  ra l i i i a l l  and e I I ma I I ~- ct)I1(I It I otis - Lon g—t etin

t - i iange s have boon .‘i~~o rved In  t lie cOn&~ en t r a t  Ions ot a I ow major con—
St it Lien t I n  t h e  I m p o u n d men t  , no tab  l v , b i c a r b o n a t e , po t  ass I tim , sti 1 t a t e ,
and spec I I I o c on d u c t  au~- & - wh ic h  re F I ~‘c s changes Iii d lss~ I veil sol I ds
c ont -~-n t r a t  I on ( I  I g . -

) 2 ’I - t h e  lon g— I o rrn decrease In  d I s solved so I ds as
i nd I cat  e&l by spec I I I c  conduct  au tce  • h I carb ona  to , and pot ass I iiuui con con—

r a t  I otis In the Impt’umdment has occurred oh (of iv as a r e s ult  of f l u s h i n g .  —

An - x a t n ~’ I t  ot  ~- I u a i u i - t - - caused  b~- I in st i l ng is the  dec rt -a st - In  spec I I Ic
t t ’ti~Itit I 1ui ~~ o I i-out iI ’t ’ut 100 ml  cr o mh o s/ cm  in June  to abou t  60 m i cr omh o s/ cm
i n Augus t  1’~-’’, ( I I - 22 ) . This  i,as caused hi- heavy i’a I n f a  11 and the
su b s eq ue n t  ro I east ’ of about 80,000 ic re—ft of water w h i c h  should  have
I lu shed t h e  impoundment  about  three t Imes (see fig. 8)  .

P ot ass t u r n  c on c e n t r a t I on s  inc reased to near  l v  1 mg/ I  In  l~~7l and
I ’) ; 2 ( I  1g.  ~

‘ 21 and we Fe ab ou t  tw ice as h i  gli as I I )  il l  L it ’ Cypres s  l ake and
t i - S i  t - l ’v Wo I I C t ook and .Ia ne C r i -en Cr e e k .  S i n c e  1 ‘)7~’ pot ass ( in n  ~-oncent  ra —
t I otis have r e tU r n e d  to norma l love is  - l’he sod I urn t o p ot  ass I urn r at  lo  was  - -

~

1 ess t h a n  4 in 197 1 and 1L) 72 but  has S Inot ’ Inc reased  to  7 t o  10. i -or
.‘ t ’nipa r i son , sod I u r n — t o — p o t a s s i u m  r a t  los  were I S to  17 I n  R I  no Cvp ross
l ake and In ne arby  _ ia no Creen Crook and 8. 5 In  Wo i f  Creek .  The hi gil
p o t a s s i u m  con cent  ra t  ion aii~1 low sod i um— to—potass I inn rat to In t h e  Impound— I ~mon t  was a p p a r e n t  iv  z u l u  a bnormal  c o n d i t i o n  a s s o c iat ed  w i t h  t lit ’ early
per  I I ’d ol wa t i i  d iem I I. ri  st at) I i i  z- zi t ion d u r i n g  wii I oh p o t a s s i u m  was
r e l e a s e d  t roni t he  sol  ls and i ege  t a t  Ion by v a r !  ous phv s I c a l  and d iem! cal
P t t S c S S t S  —

f lur  ing I ‘1/0 , i~
) / 1  , auit l  1 ‘) /  2 su I f a t  e conct’n t t a t  Ions (f  1g. 2 2 )  i n  t he

Impou n dment  we r~- low (us ’s t I v I ess t h an  I tug / 1)  when compa red w I th
ave u -a~~- c ouidt ’n t  r a t  l ouis I n  Wo I I  Crook ( I . ‘~ mg/ I ) , Jane Croon Creek I, ‘ . 2
m g / I ), antI Il i tto C v p r t ’ss t ake (9 ..’ mg/I). A stilt a t e  concon t  rat  ion of 5 .6
m g/ I .  was  mea sured  In  F t ~ it ’r C r eek in  ,Iuly l96~ hef oi - - t h e  Impoundment
was f i l l e d , wit! cli I nd i~ - i t  os th .i t n at u r a l  s i t i  t a t e  concent i - at  I ~‘uis wore
I I gl ter  in the  k-reek t han in  the impoundment  . SInce  1’) 7.’ sti l t  I t t ’ con oen—

ra t  I otis have I n c  u~ -asod to  1_ 4 mg / i  - , I nd (cat I ng that ct ’i ldOt i  t r.It I Otis have
r e t  u rned  ot- a t o  r- e I u r n !  ng 0 neai -  t he 1OV& s ls  fo t i t i t i  i n  t h e  in  flowing
wa t t ’r - i lie lOW su 1 t a t e  conct’n t i- a t  i t ~ii be tweet) 1970 and 1q72 was p robab lv
caused by t Iit ’ long  pt ’ u - i  ods t ’ t s t  ra t  I t  1~- at  i en and anal ’ rob Ic conel I t  Ions
dur  I ng wii l oh s t i l t  .i t o was  Li t  I i l  z~ed z i s  a source ol oxygen to t -  bat’ t o r I  at
OX I d a t  ion o t~ organ ic  m a t t e r .  The sti l  I ~i t o  would have been reduced t o
hy drogen s u l f i d e .
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Bicarbonate concentration in the impoundment i nc reases  with d e p t h
dur ing  s t r a t i f i ca t i o n  ( f i g .  22) . The h igh concen t ra t ions in the
hypolimnion result  mainl y f rom the decomposi t ion of :ilgae which  produces
carbon dio x ide (Ca,) as shown by the equat ion  on page 24 . Part ot the
CO, subsequently hydrolyzes  to form b icarbona te , as di scussed ea r l  (or ,
ana th i s  lowers the pH . A long—term decrease In b i c a r b o nat e  concen—
tratlon has been observed (fig. 22). As with other  m a j o r  c o n s t i t uen t s ,
this decrease is probably due to flushing of the Impoundment and ,
add i t i ona l l y ,  to a reduction in the q u a n t i ty  of o x i d iz a b l e  m a t e r ia l  I n  - 

-

the impoundment.

Spec i f ic  conductance and the c o n c e n t r a t I o n  of m a l or  (-ous t  I t uon t s  in
Blue Cypress Lake varied in response to hy dro log ic  and climatic condi—
t ions , and were probably a f f ec t ed  to some degree hi’ agricultural use of
wate r south and east of the lake During the 7- i -o at - per iod (1969-75)
specif ic  conductance , at s i te  16 , ranged from about  120 to 120 mIcromhos/
cm ( f i g .  23) and i l lus t ra tes  the va r i a t ion  in s p e c i f i c  con d u c t a n c o  w i t h
h ydrologic conditions. Speci f ic  conductance generally increases with
dec reasing lake stage (dry season) and decreases w i t h  increasing lake
stage (wet season) .

Trace Me Is

A statistical summary of data on nine trace metals in the Impound—
ment and in Blue Cypress Lake is presented in table 8. Comparison of
t hese data with recommended cr i ter ia  for various water  uses given in
Water Qual i ty  Cr i te r ia  (Nat ional  Academy of Sciences and N at I o n a l
Academy of Engineering, 1973) ( table  9) shows that  the mean concen-
t rat ions fo r all met als, except iron , were several t imes to an order o f
magnitude lower than the recommended c r i te r ia  for  the uses g iven . The
iron concentrations were hig h prima r i ly in the hypolimnion of t h e
impoundment due tt , anaerobic conditions which great  lv  increased t h e  I - 

—

solubili ty of iron . Iron concentrations are naturally h i g h  In  w a t e r
throughout the upper St. Johns basin. Goolsbv and others (l~)7u) r epor ted
that the mean concentration of dissolved iron in 166 samp les from the
upper St .  Johns basin was 210 !Ig/L (micrograms per l i t e r)  and the  t o t a l
iron concentration in 60 samples averaged 390 ~t g/ l . .  Ma nganese cou -en-
t ra tions in the hypo l imn ion of the impoundment o c c a s ion a l I i  exceeded the
recommended cri terion for public water suppl y (50 itg / 1.)  but  elsewh ere
maximum concentrations were well below the criterion. Of the rem.-tI n lng
metals , the maximum concentrations of on ly  two exceeded the i-ecominended
crite ria for all water uses. These were to ta l  lead  and t o t a l  mercury ,
and these metals exceeded the criterion for each I n  on l i- 1 or 2 samp les.
Mean concentrations of both were many t imes l ower than the c r i t e r I a .
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TABLE 9 —’-Su .ary of water—qua lity criteria for tr ace metal. iNat ional Acsdeay of Sciences , National
Academy of Engtne .rinj . 1973j. Value. expre.med in microgram. p.r liter e*cept where noted .

Ag ricu ltura Agriculture !r.rhwat.r Freshwater Freshwater Marine Water
Conat4tuent (Irr igation) (Livestoc ~~ (Aquat ic L ife) (Wild l ife) (~~bltc Supply) (Aquatic Life)

£1uI’~nu44 5.0 mg/L 5.0 m$/L — — —— 1/100 (0,01)
20.0 mg /L 96—hr . LC50
(20 yr..) 1.5 mg/L

1/10 LD30

Arsen ic 0.10 mg/i 0,2 ssg/L —— —— 0.1 mgIL 1/100 (0.01)
2.0 .‘g/L 96—hr. LC 50
(20 yr..) 0.05 ~sg/L

Cadmium 0.01 mg/L 50 ugh 0.03 mg/i — 0.01 mg/I, 1/100 (0.01)
0.05 ing/L bard 1120 96-hr . LC 50
(20 yr..) 0.004 mg/Li 0.01 rtg/L

soft

Chromium 0.1 ~g/L 1.0 ,tg/L 0.05 vng/L — 0.05 mg/i 1/100 (0.01)
1.0 mg/L 96—hr. tC50
(20 yr..) 0.1 mg/L

Cobalt 0.05 4)5/i 1.0 ma/L — — — —
5.0 ugh
(20 yr..)

Copper 0.20 mg/i. 0.5 sigh 1/10 (0.1) 1 mg/i. 1/100 (0.01) F~
’ 

-

5.0 mg/i. 96—hr. ~~~~ 96—hr. LC50
0.05 rg/L

Irou 5.0 ugh No limit — —— 0.3 mg/i. 0.3 ~g/1.
20.0 u-ig/L
(20 yr..)

Lead 1,0 ug h 0.1 mg/I_ 0.03 ag/i. — 0.05 mg/i. 1/50 (0.02)
10.0 ugh 96-hr . LC500.01 LD50

Manganese 0. 20 mg/I. No limi t —— — 0.05 mg/i. 1/50 (0.02)
10.0 mg/I. 96—hr . LC50
(20 yr..) 0.01 inghi

Nercury 1.0 ugiL 0.2 ug/L  0.5 ugh 0.002 mg/I.. 1/100 (0.01)
Inorg.nic toti conc. in fish total 96—hv . 1C50

0.3 us/s -

body burden
conc . tot. ttg

Mercury — — LI ug/L — — —-
Organic total conc.

0.05 ughavg. cone .
0.3 us/s
body burden
cone . tot. hg

Nickel 0.2 ugh. —— 1,30 (0.02) —— —— 1/30 (0.02)
2.0 u.g/L 96—tsr. LC30 96—hr. LC50
(20 yr..) 0.1 mg/I.

Sinc 25 ag/i 5/1000 (0.005) —— S mg/i 1/100 (0.01)
96—br. LC3 96-hr. LC50.1 vsgIt
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CHEM I STRY OF BOTTOM S ED 1MFNTS

Bo tt om sed imen ts p lay an impor tan t  roli’ in regulating the chemistry
of lakes and reservoirs , and ir e ind ica tors  of t rop h i c — s t a t e  condi t ions .
Bot tom sediments may ac t  as major geochem ical con tro l s f or such d is so lved
const [t uen t s  as or thophosphate , ammonia—ni t rogen , iron , manganese , and
other  t race  m e t a l s  and p robab ly  g r e a t ly  i n f l uen c e  concent ra t ions  of car-
bon d iox ide , oXy gen , and dissolved organic carbon . Depending on hy dro-
logic and environmenta l  condit ions , bot tom sediments may rap id ly  dep le te
DO from the overly ing wa ter and rele ase phospho rus and iron ; under a
d i f f e r e n t  set of condi t ions  phosphorus and iron may be removed from the
overlying water by bottom sediments. These e f f e c t s  have been observed
in labora tory  experiments (Coolshv and McPherson , 1970 , p. 29: Brezonik
and others , 1969 , p. 3.~) and a re  consistent with data collected in
natural systems . —

The composition of bot tom sediments r e f l e c t s  to a large degree the
produc tivit y of lakes and the input of nutrients and organic matter from
t he lake drainage basin. Organic mat t e r , whether  produced in the lake
(au tochthonous) or t ranspor ted  into the lake (allochthonous) , accumul ates
in the deep pa r ts of the lake and in areas of l i t t l e  c i r cu la t ion. Large
accumula t ions  of sediment with high organic content reflect high produc—
tivitv or allochthonous sediment input or both whereas sediment with low
organ ic content reflects low productivity and low allochthonous input

The chemical  composition of bottom sediments in Taylor Creek
Impou ndment , Bl ue Cypress Lake and several other sites in the upper St .
Johns River  basin is given in tables 10 and 11. Most of the sediment in
the impoundment is sand , with a small amount of clay , and at the time of
the analyses, was probably still fairly representative of the terrestrial
soils prior to inundation . Organic content is low as indicated by the
relatively low concentration of organic carbon (table 10) . In t ime ,
sediment accumulation and organic content wi l l  probably increase in the
deepe r parts  of the impoundment.

Bottom sedimen ts , at s i te 2 , on the western side of Blue Cypress
Lake are composed of coarse sand and are very low in organic content .
The organic content begins to increase approximately one—quarter  of the
way across the lake in a west to east direction and on the east and
no r thea st sides of the lake organ ic muck accumul a t ions are a t least
several feet  thick. This organic sediment is largely f inely  divided
silt and clay—size organic detr i tus . The organic carbon content is 35
to 40 percent . If the total  organic content is assumed to be twice the
organic carbon content , the sediment is 70 to 80 percent organic mat ter .
It also contains 2 to 3 percent organic nitrogen , la rge quant i t ies  of
iron and measurable amounts of chromium , coppe r , lead , manganese , nickel ,
and zinc (table 11) .

53

- -



-
~~

~~ N N. 0 -~~ ‘-~t — ~~ ~~~ ~ ‘ -~~ N.
I • I — I I  I I I  I I I i  . .

.0 ii) N. ~0 ~0 F— F-- ~O

p-I 00  0 0  0 C) 0 0 C’ 0 0 0
~ 0 0 0 0 0 0 0 0 C’ C~~ C) C)

~J 0 —~~ .-4 C’) -.7 ‘.~~ I I I I ~0 I I I I s.D I
a - a - -

1-4 4-4 .-4 .-4 so C’) C’) C’)

0 0  00  0 0 0  0 0 ~~ 0 o
I.. u 0 ~~ as ’ .-i -~~ Ir’C -~~ c’) .—i s.c I I .rs ’ C’) 

~
)  (,

~ 5
44 0 .~~ a~ N- s.0 -~~ sO -.7 ~~4 s.c a~0. 1-4

Ca

0 0  00  0 0 0 0 0 0 0 0
Q F--. .—I C’) .—I Os’ I C I N I C’) I I I Cs’) I I .-4 sO I Os’5 0 C’) —4 C”s ~fl ‘-4 (s~J cs’s -~~ .—4 - I

I—
i._4

p-I S

4) —sz • 
--5-.. _4~

-_
. 5 5  00  0 0  0 0 0  0 0 0 0 0  00  o 0 0 0 0 0  0 0 0
~~~4) 0 0  00  0 0 0  0 00 0 0 s’  0 0  0 0 00 0 ~~~ 0 0 0

-~~~ ~~ N. Cs’s 0 ~‘s ~ a’ m ~ s.o ~~
- m .o as ’ C’) ii) N -~ C ’) U) U) U) 0

• • p~~ 0 a a a — a a a a a a a a a a
S ~~ 4) Ii N 0’. ..7 ...7 ,-4

~~ 0. -‘, ~J .-4 N ~ 4 N N Cs’s C’)
Ca
C~~ u S
.0 0 .

F 4)
~~~ CJ ‘-,4)~~4 C J Q  0 0  00  0 0 0  0 0 0 0 0  0 0  0 0 0 00 0  0 0 04) ...I ‘—

~ C) 0 0 0  0 0 0 0 0 0 0 0  0 0  0 0 0 0 0  0 0 0
—4 5 5 00  C’) N 0 U) C’) so ,-4 N 0’. sO ..-4 1’-. U) 0) C’) -~ -~~ N 0 0

— C~ 0 a a a a a a a a ., a a a a a a a a a a a a a
00 .~~ ~~ C’i m i-s a’. sø r-  -~ r— C N C-. N. 0 0” U) N N 41) 0’. Il) 0

Ca .C I-i I—a -~~ .-4 -.0 -.1- 0) C’) ‘.0 N ‘—4 F-sI ~ l U) 0 C’) U) as’ irs ’ sO
S 00 0 C~ Cs’s C’) p..4 {“s N N p-I C’) C’) C’)

U N . N . r -. -- N .
0 4 )

4) 4 ) 4 4 4 )
.
~~~s’ J~~~ J _ iJ 1.~

4J 44 -~~~ ...4 .,4 .p.4 -~~ .p.4 4) 4) 4)
~ ) 5 Cl) Cl) (I) Cl) Cl) J 4.) 4.)

.p.4 0 4) ‘ -  ‘.s’ . %  s’-4 ,.~ -_I
44 C~ ‘.0 ~~ —.. .-~s. .—s .~~~ —, -~~~ ,- — 4) 4) 4) 4) 4) C/) Cl) U)
4) — .~4 p~4 ,..4 ..4 ,..4 C-) N C’) 44 44 Ia 4-a 4-a

S >s’ .~~ 0 0 0 0 0  -s -s.,.4 (~ 4) 4 ) 4 4 4 ) 4 ) 4 )  4) 4) 4) ~~~~~~~5 . 5 , 5  4-4 14 44
c~ ~~ i 4) 4J 4.) U U ~J U U U Cl) CI) Cl) Cl) Cl) 4) )) 4)
.-4 4) 0 .C 4-i . s  -,-4 .M .-4 .,-I -,‘4 .,-4 s’-4 4 4.) U U

I 0. 0 0 0  04 Q~~ 4 U ) U ) C I ) CI) CI) CI) C,) C/) .)UU4J I.J 5 5 5
p.4 .~.4 0 ‘-..~ ~~~. ~~‘ ~~‘ ‘.‘ ‘..‘ C4 Ca Ca Cl) Ca 4) 4) 4)

CO ~v ç i  .~~~i. ~~ ) O  4 ) 4 ) 4 ) 4 ) 4 )  0 0 0
4) 4 ) 0  4) 0 0 .  J e . )  U 4.) 1.) ~~~~~~~~~~~~~~Ca 0 0 0  4)~~~ s’ -a-’ ~-I 5

— 4 4 4 4  C~ r-4 0. 4 ) 4 ) 4 ) 4 ) 4 )  4 ) 4 )  4) Ia~~~~~~~4-a (~~~C 4 C ~
—4 ~~~ 0~~~ C~~ 4) E E U U E  U E  ~ Ca C 0 C ~~~C4 C0 6 ) 4 ) 4 )

CO 4) ‘-‘ 5—’ Ca .5 4) ~~~~ 4 ) 4 ) 4 ) 4 ) 4 )  5 5 5S I-a 5 5 5 5 5  5 5  5 5 5 5 5 5  ‘—‘ ‘-‘ ‘—‘
CO S I--a 44 .~~ .)4 4) ‘—‘ ‘— ~ 5 5 5 5 5 5 .—‘ .—‘ 5.—. ~~~

0 0~~~ 4 ) 4 )  IJ 0 0 0 0 0  0 0  0 4 ) 4 ) 4 ) 4 ) 4 )  4) 4) 4)
4.) -‘-4 5-”-’ 4) 6) CO ~~~~~~ 0. 0. 0. 0. 0. 0. ~~~~~~~~~~~~S U 4 ) 6 )  U U E E U  E U  U
6) (4 ~~~~~ 00  ‘5 4 ) 4 )  H 4 5 - 1 ~~~~~~ I-4~~~ ~ 4a CO 4 4 4 4
—4 0 4 ) 4 )  C a n  4) 00  ~~~~~~~ ~~~~~~ ,~~ C a C O C O C O C O  C a C a o )
‘5 p4 li i i  C a C a  ~~ 4 ) 4 ) 4 ) 4 ) 4 )  4 ) 4 )  4) C a C O C a C a C O  C O C O C a
4) 0 0  4 ) 4 )  5 5  4 ) 4 ) 4 ) 4 ) 4 )  4 ) 4 )  6) 4 ) 4 ) 4 ) 4 ) 4 )  4 ) 6 ) 4)
Ca I—i ll (4 4 ) 4 )  4 4 4 4 4 - a  4-a l-a 4-a 4 4 4 4 4 4  4.a 4.a

U U  0.0. 5 4 ) 6 )  0 0 0 0 0  0 0  0 0. 0. 0. 0. 0. 0.U 5 5  ~~~~~~ .5 4 4 4 4  ~~~~~~~~~~~~~~~~~~~~~0 4 4 4 4  0 0  0 0 0  44 a I a l - a  I--a l-a 44 0 0 0 0 0  O O C . )
U ‘)  0 0 0 0 0  0 0  0
U 4 ) 4 )  4) 4) ~-4 ,~4 p-4 ,-4 ,--( ..4 p-4 .4 4 ) 4 ) 4 ) 4 ) 4 )  4 ) 4 ) 4 )
0 . . 5 5  • 5 5  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ )s’ 5 5 5

U 4.I p-1 U (4 (4 CO (4 (4 CO CO CO (4 (0 -4-4- 4P- 4-4 -4~~-4 p- 4
0 0 0)  U) ‘-) ‘~1 I~~~~~-~~~~1-~ 1-4 1-a 1-4 0 0 0 0 0 ) 0 ) 0 0  0 0 0 0 0 0

d 00  0 0  0 0’. 0 0’ 0 1 Cs’s N .-4 N N 0’ 0 N Cs’s 0 Cs’s N
N. N. N. N. N. sO N. -.0 N. N. N. N- N. N. N. ‘.0 N- N. N. N. N. N. N.
I I  I I I  I S I S  I I  I 1 1 ) 1 1  I I I

4) 4) p.4 .-I ~ 4 ~~4 0) N. ..~~ 0) U) ,.7 0) 0) Cs-i 0’. i/) 0’. N. Os’ 0’. N.
4’ 0 0  C’) C’) 0 N N N N .-4 N ,—4 . Cs’s N N Cs’s N N N ~ 4

~ 1AJ 44 J’. ~ 4 ~~~4 F-L~~~~ O~ N . C’~5 C’~ ~~~~~~~ t C J ’ . O~ C O ~1-4 0 0 0 0 0 ‘-4 0 .-4 0 0 00  0 0  0 ~- 4 0 0 0 0 0 0 0

54

_ _ _ _ _ _ _ _ _ _ _ _  
-

‘

—.- ~~~~ -.-- -‘—-—- ~~-.---. — .-— — —~—- — —



-7 so N. 0’ 00 sO -7 so ~ so
5 — . . . I . . . 5 . . . 5 •

~~~~1

sO so -.o sO N. N. so N. so N. N- N-

— 1 0-0  0
C O S j  00  0 8 8 88 8 8 8 8 8 0 0

0 0
U C I I 0 -7 0 0) 0 I 0’ 0 -* I 0) 0 0 .0 st I -7
Oh .  a a a a a * a. a a
I-~ ~ 4 p-I C’) ,..I N ‘.7 U) 1’) . 4  C’) ‘.7

0.
5-.

~0 I i  0 0 0  0 0 0 0 0 0  0 0 0  0 0 0 0 0 0
U 0 C’s’ U) so N 0’ 0’ -7- 00 0) U) 0) ii) 0) so .—4 so ~0 . 5  U) ii) -7 U) N- if) .-4 C’) .-4 C’) N N
5-4

Ca
0.5

z
( 0 - 5-’- - 4 5
5 4 )  0 0  0 0 0 00 0 0 0 0 0 0 

• 1

~~ 5 00’ 0 N 4’) 5 C’) 0) 0’. I N sO C-i N C’) I
0 c”l C ’ )  C’) C’) a-

‘5 4-.
U
—4S S ‘a-4

U • 1S
0 Z
C) ~ 4 5 -  .

5- ~~ 888 8 8 8888 0 0 0  0 0 0 0 0 0
0 0 0  0 0 0 0 0 05 ‘5 m sO ~~ N- -7 0’ N N. N N. 0 U)

w.4 0 a a a a * a a a a a a(4 4) 1. 0) if) U) N if) 00 .~ U) ‘.7 N C’) C’)
.4 - . 4 . )  N N N C’) ‘-4 N
Ca ~~~ .4(0 (4
.5
ha
4)

0 0  §0 0  § 0 0 0 0 0  0 0 0  0 0 0 0 88
‘.0 C’) 0 0  N. N. N. N- -7 N 8 - 40 )

.4 
~~~~~ 88 0 0 0 0 0  0 00  0 0

00.5 ~~~Ni--  Q ..7 U)~~~~sO s 0  U) ~~~N sO U)
44 4-. C’) 0 C’) C’) 0) N. 0’ N- C’) C’) C’) C’).5 0(0 -7 ’.7-7 -7 N N

0 U

‘
~~~~~~il

I,’
4.) 0 ( 0 ( 0
U) U U U

00 ( 4 5  . ., i1.~ ‘4.1
4-. (4 0 0 0 .5
6) -.4 N 4-4
0. U U .5 4.) 1) U) .5 .5 5 , s. .~~0. 4 ) 4 - J 4) Ca 5 5  4.) U 0 0 s . 0

~..4 4) — (0 CO C O . —’, ;,-_ 5 4-a X —7 -.7
4J ,-4 4J ~ ,~~ .-4 .-4 U CO 0 0

I 5 ( 4 5  ., 4 Ca (4 4-. )a,~~ s
04-4 0 U 4) 4) .-4 ,., .5 CO ( 4 ( 4

Ca 4) .~~ . . - I 4 4 4 4 U U 4 - J  04 4) 4) 4) )
~~4) 4 4 1 4 14 .-4 (0 5 4 ) 6 ) 5  ..-. 4)4) -.4 ~~4~~-’s~~~4 - ’s (4 .5.5

CO ( 0 ( 4 ( 0  U p4 1-I I JU C  U .-4 .-4 ~~ -.•4Ia-.-4 14 5- 00 04
4)6)4) 5 (O CO 4) 5 5  . 4 . 4

- 5 ( 4 5  0 4-. 443~~~~Ia .4 P 4 ~~~ S- a ~‘ 44 X X
5- 5- 5-  CO (0 14 (4 (4 N., - 4N.4 4)

44 4) 4)i.1 U 4) 4-4 4 4 4 4  4) ~~~~~~~~~~~~~ > 4 - l U(4 5 C a C a C a  (5 5 5 ( 4 ( 4 5 1 4 ( 0  (4 — ,-4 ..-4 (4 (5
0 4) 4) 4) 4) 5- 5 - 5 - 5 - 5 -  44 4) 4) 5- 5-. 4) 5— 4) O~ 5- 5-

4.) ‘-4 N N N  5 (4 5 5  6) 4)
5 U ( 4 ( 4 (0 5- Ii 5 5 5 5  4) 5-5-  44 1 4 . 5 4 4,5 4) 1 . 4 4
6) CO p-4 p-4 -4 4) 0 0 0 0  (4 4) 4) C1 4) U 4) 4 ) 4 1

U 0 0 0 0 0 0  4) ~
. U 4 JU U  5- 4 J U  ‘- ~~~ U~~~~~~U .5 > >

5 5 5  00 5 5 5 5  44 4) 4) 00 00.5~~ 4.) ~~~~~~
—4 oo oo00oo UI .)  -.4 .p4 (4 ...I~~~~ C,) ~-4 —I

4) 4 ) 4 ) 4 )  ~1 ~~~~~~~~~~~ 4) C a C a  (4
Ca -‘ 4~~-4 (4 . 5 . 5 . 5 . 5  ‘5 5 5  (4 ( 4 0 ( 4 0  .5 ( 4 ( 4

CO (4 C O C O C a C O  (4 ‘ -5 . 4  (4 5 0 5 0  .~d 5 5.5 ( 0 ( 4 ( 5 (0 -4 00 .5 ,5~~-4 .C —4 U .5.5(0 0 5~~~~Z~~~ 0.0. 0 0 5 0 5  0 0 0p., ‘-~ 
p_, 0 ,-, 0 — ‘•-, •-,

4) U U S4’ ~~~~~~~~~~ ~ I
O 

. ~~~~~~~~~~~~~~~~~ 
.
~~ 

~~~)6 • 04 0
4.) 4’ U U U

Cl) ~~~~~ ~~~ ,~~~~~~~ Cl) Cl) 0) 04

0 0.00 0 0 00 .0 0  0 0 40  0 0 0 0 0.0
‘-4 so N- N- N- N. N- so N- N. N. so N- N- N- N. N- so N.

I I I  I I l i i i  I I I  I I I I I I
4) 4) 0) if) U) i f )  4 7 00 ‘7- U) .0 s.D F’. 00 0) 0) N. 004.) N 00  0 Oj) 0 N 0 0  0 0-0  0 0 0 0 N O

~ J~~ W~~’ J) I I I I I I
it’. U) U) U)

1-4 ‘-400 0 0 0 — 0 0  0 ‘-4 0 0 0 0 0 .-‘4 0

55



-

~~~~~~~~~~~~~

Table iL — — T r a c e  metal  analyses and p ar t i c l e  size d i s t r i b u t i o n  oL bo t tom
sediments  from Taylor Creek Imppundment and Blue Cypress Lake. (Trace
me tal resul ts in micrograms per gram dry we igh t;  p a r t i c l e  s ize r e s u l t s
are in percent.)

Constituents Taylor Creek Blue Cypress Llue Cypress
or Imp oundmen t Lake near Lake near

Property Site 1 center west shore
08—15—72 Site 16 Site 17

____________ _____ ______ 
08—17—72 08—17—72

Trac e me tals, pg/g
Arsenic 4 3 3
Cadmium < 1  7 < 1
Chromium 1 12 1
Cobalt 0 4 0
Copper < 1  10 ‘— 1
Iron 585 13, 200 32
Mercury .02 .00 .00
Lead 6 68 4
Manganese 7 60 1
Nickel 1 13 1
Selen ium 0 < 1 0
Zinc 2 44 1

Particle size

Greater than 2mm 0 .2  0.0 0 .3
Sand percent 93 .4  24.1 96 .4
Silt percent .0 61.8 .0
Clay percent 6.4 14.1 3.3

I
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The p1-1 of a sample with high organic content collected near the
center of Blue Cypress Lake (site 16) with an Ekman dredgc in March 1972
ranged from 6.8 to 7.4 depending on where the pH electrodes were placed
in the sediment . The observed variation may reflect a vertical gradient
in pH. The redox potential (Eh) of the sediment samp le ranged from —20
to +25 my indicating reducing conditions . The Eh of water 1 foot above
the bottom was 435 nv. The pH of sediment collected near the west shore
of the lake (site 17) in March 1972 was 7.3 and the Eh ranged from 175
to 345 my. The sediment was coarse quartz sand and its uppermost surface
was green in color , probably due to benthic  algae or photosynthe t ic
bac teria. The sediment at this site was tinged green on severa l other
occasions also.

Although chemical and thermal stratification does not normally
occur in Blue Cypress Lake, reduc ing condi tions do occur in the organic
sediment. These conditions greatly increase the solubility of iron .T~nd
orthophosphate in the i n t e r s t i t i a l  wa te r .  These substances can in turn
be recycled to the overl y ing wa ter , par tly by d if f usion but probably
more signif icantly by wind which creates turbulence and frequently
disturbs the flocculent organic bottom sediment. On windy days , the
water contains noticeable amounts of suspended sediment. Nutrients
probably are recycled from bottom sediments and interstitial water much
more rap idly in Blue Cypress Lake than in Taylor Creek Im~’-4undment .

The finely—divided organic sediment in Blue Cypress Lake may serve
as a major food source for zooplankton. The zoop lank ton b iomass per P

unit volume of water in the lake was several orders of magnitude greater
than in Taylor Creek Impoundment.

No a t tempt  was made to de termine the source of the organ ic sedimen t
in Blue Cypress Lake. However, the surrounding marsh is the likely
source. Lake Hellen Blazes and Sawgrass Lake, on the main stem of the
St. Johns River (fig. 1), also drain the headwater marshes and have
accumulated highly organic bottom sediments (table 10) a part of which
is coarse plant fragments. Drainage of the marshes and encroachment
onto the floodplain have probably greatly increased the sediment input
to the lakes in the last few decades.

P LANXTON

P~ ytop 1ankton

The phytoplankton, which consti tute the algal component of the
plank ton , are major primary producers in lakes and reservoirs . Their
numbers vary widely in response to available nutr ients, temperature ,
growing seasons , and many other factors. Usually waters that are rich
In nu t r i en t s  sustain large numbers of phytoplankton and are subject  to
frequent  phytoplankton “blooms .”
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Diatoms require silica for growth and would be expected to correlate
negatively with dissolved silica. However , there was no statistically
significant correlation between silica concentration and diatom numbers I ;
in Taylor Creek Impoundment . Concentrations of silica changed seasonal—
ly. They were highe st in the autumn and ea r l y  w in ter and lowest in the
spring. Diatom numbers were greatest in the summer of 1972 and the

‘ winters of 1973 and 1974. During 1973 and 1974 the numbers of diatoms
were maximum , coincidental with sharp decreases In dissolved silica
concentrations (figs. 26 and 27).

Algae in Blue Cypress Lake we re gene ra l lv  less abundant  than in
Tay lor Creek Impoundment . The total number In the lake . ;it sit i’ 16,
ranged from less than 20 to 74 ,480 ct’lls/mL (fig. 28). Numbers exceeded
10,000 cells/mL in July 1970 (An ~baena sp. dominant): in February
(Melosira sp. and Anabaena sp. d o m i nan t ) ,  Mui v (Anahaena s p .) ,  and ,lune
(Anacyst i s  sp.)  1974 and June (An .’ibaena sp.) 1975 . Diatoms , ma inly
Melosira,  sp. ,  dominated in almost 50 percent u l  t h y  ssmmi’ .lcs (table 12).

Numbers of phytoplankton in Blue Cypress - - !  co r re l at ed  negat ively
wi th  dissolved silica and orthop hosphate , au -. - I- ”lv n’l th turbidity
at the 5 percent significance level. Orthop i  -p ~~~ - ‘ z  required fo r
ph ytop lankton growth , and would be expected to c ~~.

- 
~~ .- as phytoplankton

populations increase. Silica , as indicated eat c m  , i s required by
diatoms , which in Bl ue Cypress Lake constitute significant part of the
phytoplankton. Diatom blooms in 1971 and 1972 were preceded by peak
silica concentrations in excess of 6 m g I L.  During the blooms, con—
centrations of silica dropped to less than 2 mg/L. In 1973 diatoms were
few in Blue Cypress Lake and silica concentratioas were very low until
October. Diatoms were abundant in February 1974, and silica concen—
trations were relatively high (5.7 mg/L). Silica concentrations and
numbers of diatoms decreased to low levels in May 1974, hut diatoms were
abundant again in June 1974 (fig. 29).

In 1971—72 phytoplankton samp les were collec ted near the cente r
(site 16) and the west shore (site 17) of Blue Cypress Lake . Algae were
more numerous In the center than near the shore (table 12). Primary
productivity was also higher in the center than at the west shore as
discussed in the section on primary productivity.

Plankton collected in net samples contain the larger members of the
phytoplankton and the zooplankton. These larger organisms are often not
collected in plankton bottle samples. Zoop lankton, in particular , may
avoid the device used to collect the water sample. Large plankters may
be scarce compared with the small phytoplanktera , but in biomass may
constitute a major component of the plankton .
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Net  p l ank ton  samp les were sampled in Tay lor Creek Impou ndme nt and
Blu e  Cypress I,ake between October 1969 and May 1972. Common net
phy toplankton in T=ivlor Creek Impoundment included Volvox sp., Eudornia
sp., Ceratlum sp., Anacystis sp., and Melosira sp,. Volvox sp. and
Eudornia sp. were common in ti lL’ summers of 1970 , 1971, and 1972.
Ceratium sp. was common in July 1971 and in May 1972. Anacystis sp.
was ab undan t in March 1972 co incIdenta l  w i t h  another  blue—green Anabaena
sp.  Diatoms (M c l o sir a  sp . )  were dominant  a t  o ther  t imes.

I:ommon net phvtop lankton  in Blue Cypr ess  Lake included three
c ol on i a  I blue—greens : ~phianezomen on sp. ; Anahaena sp. ; and 

~~sp. ; and the f i l a m e nt ou s  d ia tom Melosir a  sp. In January  1970
A,phanczomcnon sp. was abundant  and was v i s ib l e  to the unaided eye as
small greenish flakes. An,-ib~wna sp. was abundant  and v is ible  in July
1970. ~~~ic stis sp. was most common in May 1972. Meloslra sp. was
collected during sill net m~ampliug but was most numerous in May 1972.

Numbers of p hy top lankton in T5ivlo r Creek Impoundment and Blue
Cypre st~ Lake f a l l  wi th in the ranges of these observed in other cen tral
and southern  F lor idan  lakes.  ,lovner (1974) reported that  numbers of
ce lls in Lake Okeechobee ranged f rom l ess than 50 to more than 100,000 F

L cells/mL during January 1969 to Apr il 1971. About 15 percent of the ~~.5~ samp les had numbers that exceeded 5,000 cel l s/mI. and 5 percen t exceeded
100 ,000 cells/mI.. The green algae Pediastrum simp lex was a dominan t
species in 1969, but was replaced by the blue—green alga ~phanizomenon
holsaticum after January 1970. The change in the dominant species and an S

increased concen t ra tion of ph~’top1ankton after 1970 in the lake followed
a period of heavy inflow from ra infall and tributaries. During August
1 97 1 through May 19 7 2 phy top lankton concent  ra t ions in Lake Okeechobee
averaged between 8,400 and 24,700 cells/mL Aphanizomenon sp . continued
to be the dominant aig5i in the lake (Joyner , 1974) .

Dav is and Marshall (1975) reported that from January 1973 to June
1974 , blue—green algae (Oscillatoria sp.; Lyngbya contorta; Microcvstis
aerug inosa; and M. incer ta) were dominant in Lake Okeechobee . They
observed two pronounced maxima In phytop lank ton dens it ies , one in spr ing
and one in autumn . Buoyant , colonial blue—green algae formed a surface
scum over much of the lake from September through December 1973. The
average numbers of phy toplank ton ranged from ~+ ,000 to 12 ,000 un i t s /mL .
Because they counted a colony or f i lamen t as a sing le uni t , these
numbers are considerably less than the number of cells per m i l l i l i t e r .

Lamonds (1974) found that  in Lake D icie and in Big Bass Lake in
centra l  Flor ida  blue—green algae made up the larger portion of the
phyt oplankt on  sampled between June 1971 and Apr i l  1973. Dominant genera
in Lake Dicie were Microcystis, Oscillatoria, and Aphanizomenon, sp.
In Big Bass Lake Agmen ellum, sp. was dominant .  Concent ra t ions  ranged
from abou t 6 ,000 to over 550 ,000 e e h l s / m L  in Lake Dicie and from about
200 to 3 , 600 cel ls/mI ’.  In Big Bass Lake.
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(~cc.isiona1 , large blooms of phvtop lankton  appear  to be a conmmon
phicuonienon , and are ~wt ~ec,~’ssartly re la ted to man ’ s a c t i v i t i e s .  For
examp le , the large blooms in I , si k s ,’ Okeechobee and Blue Cypress Lake in
1970 may have resulted from the heavy rainfall and subsequent  I n f l u x  of
nutrients into the lakes that occurred earlier that vesir. The algal
bl ooms in Taylor Creek Impoundment and Blue Cypress Lake were also
similar to those of other lakes in that they consisted mainly of blue—
green algae .

Zoop lankton

Zoop lank t on  represent  -1 t r oph ic  level above organic ,et r i t u s ,
bacteria , and phytopl ankton. In ponds and lakes zooplankton populations
are composed ma inly of rotifers , cladocerans , and copepods . Numbers of - -

organi sms  usual ly  f l u c t ua t e  g r e a t ly  dur ing  the year , ranging f rom a few ~ 
-

to several thousand per 1iter or more , with highest numbers usually in - 

-

fer tile waters . Because of the large f l uc tua t ion in number s tha t
normally occur during a year , sampling to de termine annual standing crop F

must be intensive , such as on a weekly basis. The purpose of the - -

samp ling described in this report was to provide some background infor—
mation on zooplankton in the impoundment compared with that in Blue
Cypress Lake. t- -

R o t i f e r s  were the most abundant zooplankter in Taylor Creek Impound- 
C ’

inent in 14 out of 24 samples. Keratella was the most common r o t i fer  ? ‘~

except in October 1969 when Tesrudinella was dominant. Copepods were
most numerous in 4 of 24 samp les and cladocera were most numerous in 6
of 24 samples. In contrast, copepods or cladocera were dominant in all
17 samp les in Blue Cypress Lake Copepods were most abundant in 14 of
17 samp les. Numbers of zoop lankton were on the average about 5 tImes
more numerous in Blue Cypress Lake than in Taylor Creek Impoundment.
Brezonik and others (1969) reported that the average dry  wei ght  of the
r o t i f e r  Keratella was 0.044 ~tg (micrograms) compared w i t h  0.15 ~g for
larval copepods. Adult copepods and cladocera of several species ranged
in weight frotn 0.5 to 8.5 ug . Because copepods and cladocera are much
larger than rotifers, the zooplankton biomass per unit volume of Blue
Cypress Lake was several orders of magnitude larger than the biomass of
Taylor Creek Impoundment.

The zoop lankton of Blue Cypress Lake differs strikingly from that
of Taylor Creek Impoundment. The relatively large biotnass in the lake
suggests a greater secondary production than in the impoundment. The
dominance of copepods and cladocera in the lake is similar to other
lakes in Florida (Brezonik and others , 1969). The dominance of r o ti f e r s
in Taylor Creek Impoundmen t may represent an early successional phase in
the impoundment , or it may reflect specific environmental conditions .
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Qualitative net tows in 1970 indicated that rotifers were the
dominant zooplankter  in the Econlo ckh atchee  River  (Coolsby & McPherson ,
1970), and copepods and c ladoceran s were dominan t a t other sites along
the main stem of the upper St . Johns River . The Econlockhatchee River
and the impoundment had higher organic concentrations and BODs than
other sites. These cond~t1ons , and in the case of the impoundment , the
anaerobic bottom waters may favor rotifers over the cladocerans and
copepods.

PRIMARY PRODUCTIViTY

Primary productivit y is the synthesis of inorganic nutrients Into
cellular organic material , mainly by photosynthesis and is an indicator
of trophic status in a lake. Eutrophic lakes are highly productive ;
ogliotrophic lakes have low productivit y . Gross productivit y is the
total amount of organic matter produced per unit of time . Net pro—
duc tivity Is the amount ot’ organic matter in plant tissue (or secreted
from plant tissue) after resp iration. Algae are the ma in primary
producers in most lakes.

Primary productivity in Tay lor Cr eek Imp oundmen t and Bl ue Cypress
Lake was measured periodically between July 1971 and September 1972.
Data are presented in table 13. Minor inconsistencies in the data , such L
as slightly negative gross photosynthesis  and productivity values, are
due to the low sens i t iv i ty  of the Winkler  DO de terminat ion  and sampling ~, ~
and measurement errors.

Primary p roduc t iv i ty  at the 1 . 5 — f t  depth ranged from 0 to 770 mg
(c/m 3)/d ay  (milligrams carbon per cubic meter per day) in the impound—
ment and from 0 to 1,460 mg (cftn 3)/day in Blue Cypress Lake. The average
at the 1.5—ft depth was higher in the impoundment , 580 mg (c fm 3) /day ,
than in the lake, 345 mg (c/m3)/day. Also , the average per un~ t of
surface area was higher in the impoundment , (about 440 mg (c/rn )/day) at
sites iii deep wa ter , than in the lake, (about 335 mg (c/ni2) / day) .
Productivity was greater in the shallow water of the impoundment , avera-
ging 630 mg (c/m 3)/ day  at sites 2 and 3 (1.5 f t  or 0.5 m depth), than in
the deep water, 475 mg (c/m 3)/dav at site 1. The opposite was true for
Blue Cypress Lake ; productivity at 1.5 ft  averaged 440 tug (c/m 3) /day
near the center of the lake (site 16) and 250 mg (c/m3)/day near ~he
west shore (site 17). As discussed earlier , phv top lankton popula tions
were also higher at site 16 than at site 17 in the lake. The highest
productivity measured in Blue Cypress Lake was 1,460 mg (c/m 3)/day in
July 1970 during a heavy algal bloom of Anabaena circinalis. Actual
primary production during the bloom may have been even greater because
oxygen supersaturation produced gas bubbles in the light bottle , some of
which could have been lost in the measurc!lPnt.
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TABLE 14. -- Average numbers of Chaoborus sp. per square meter at three sites in

Taylor Creek Impoundmen t

Date Site 1 Site 2 Site 3

1969
Oct. 0 - -

I-

!2i~Jan. , Feb . 0 - - Ii
Ap r . ,  May 0 - -

July 2 ,200 - -

i~2i
July 130 400 0
Aug. 720 700 44
Sept. 19,000 5,200 1,980
Nov. 27 , 000 7 , 300 440

H-
Jan. 27 , 000 1 , 100 11 )
Mar. 7 , 700 1,400 253 H
May 3, 400 1 , 200 110 5 

-

July  480 1, 200 22 - 
-

Aug. 1 ,200 800 0
Sept. 1, 700 1, 100 22 --

Average , 197 1-72 8 , 800 2 , 000 288
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tendipedidae were generally dominant in number at site 3. The average
nu’t~er was 700/rn

2.

There was ~u seasonal cycle in the abundance of Chaoborus in Taylor
Creek Impoundment in 1971—72 (table 15). Numbers were lowest In summer
and h ighe st In autumn and winter. Chaoborus was most abundant at the
deep water site with an average of 8,800/in2, site 1, less abundant 1t
the site of intermediate depth with an average of 2,000/rn2, site 2, and
least abundant :it the shallow water site with an average of 290/rn2, sltt’
3. Chaoborus was most abundant at site 3 in September 1971 (1,980/rn2)
coincidental with relatively low DO at the site,

Numbers of benthic macroinvertebrates collected In Blue Cypress
Lake in 1971—72 ranged from 210 to 5,100/rn2 (table 16). Largest numbers
were collected in July 1971. Numbers decreased appreciabl y at both
sites 15n the lake in mid—winter (January—February 1972) and remained
relatively low through the following summer. Oligochaets and the larvae
of tendipedidae were dominant in number; pelecypods (Elliptio sp.) were •

dominant in biotnass in the sandy substrate in the western part of the
lake (site 17). In earlier sampling (1969—70) near site 17, the wet
weight of pelecypods ranged from 770 to 1,200 gramsfm 2

Data on benthic organisms in Lake Okeechobee are available for (1~— comparison with Taylor Creek Impoundment and Blue Cypress Lake. Joyner
(1974) reported that the average number of benthic inacroinvertebrates
sampled quarterly from January 1969 through January 1970 at 7 sites in ~ -~Lake Okeechobee was 540/ni2. In November 1971 and May 1972 the average
number for 6 sItes was 1,400/rn2 and 3,300/rn2, respectively. Oligochaetes
and chironomids (Coelotanypus sp.) were the most widely distributed
organisms .

Davis and Marshall (1975) reported that oligochaetes , the amphipod
Gammarus fasciatus and the chironomid Pentaneurini sp. were the most

S common benthic invertebrates collected in Lake Okeechobee in 1973.
Numbers of organisms ranged from 50/rn2 to 2,600/512.

The diversity index (Wilhm , 1970) reflects the biological community
structure and the environmental controls on this structure . A low
index, less than 1, generally indicates heavy organic pollution , which
tends to restrict most benthic macroinvertebrate species (Slack and
others , 1973, p. 25). An index between 1 and 3 generally indicates
moderate pollution . A h igh index , greater than 3, usually indicates
clean water.  The value 0 means that all organisms are of the same
species.

By these standards the low diversity indices in both Taylor Creek
Impoundment and Blue Cypress Lake indicate organic po l lu tion , At s i tes
1 and 2 in the impoundment the index was 0 , ref lecting the anae robic
conditions that prevailed near the bottom. Such condit ions create a
hostile environment where few species of benthic macrothver tebr at es  can
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survive . Between July 1971 and September 1972 at site 3 in the impound—
Ifleilt , tilt! index ranged from 0 5  to 2.2 and averaged 1.9 and in Blue
(~ ‘pr 1’ss 1 31ke the index ranged from 1.3 to 2. 3 and averaged 2.0.

The low diver sity indices at site 3 In the impoundment and in Blue
Cypre ss Lake probably reflect natural conditions rather than organic
p o l l u t i o n . V I u lu e ’S less than  3 for  the d ive r s i ty  index are typical  of
much of south F lo r ida ’s “n a t u r a l ” waters . Davis and Marshall  (1975)
reported that in 1971 the diversit y index in Lake Okeechobee ranged
between 0.6 and 2.0. Wailer (1975) found a slightly larger range in the
canals and marshes e~s 1 the Everglades , 0.0 to 2 .0 .

TROPIII C STArE CHARACTER I SIT CS

Lak€ ’~ pass through d i f f 5 0 r e n t  t rophic  s ta tes  as they age . The a g i n g
process UI Cli l iOd eu t roph i cat i on . A young lake charac te r i zed  by low
bi ologi cli l productivity, low amounts i_ sf nutrients , and by little sediment ,
is oli got rop h ic .  In t ime , nu t r i en t s  are t ransported into the lake by
st reams, runoff , rllinfall , and ground water. Biological productivity
incrc:is&-s and organic  sediments bui ld  up along the shore and on the
bo t tom.  •l5hs~— lake is then par t ly enriched or meso trophic. As aging
continues , aquatic plants become more abundant and widely dis tr ibu ted ,
al gal blooms become more freq uen t , silt and organic matter accumulate on
the  bottom , and nu trient content increases. The lake is then eutrophic
or enriched. Aging may continue until the lake becomes a marsh or
swamp . The aging process i’ often accelerated by man ’s activities , such
315 urbanization , deforesta tion, and farm ing.

Th e trop hic states of Taylor Creek Impoundment and Blue Cypress
Lake wer i’ eva lua ted  by comparing these water  bodies wi th three nearby
lakes in c-cnt ra l  F lor ida——Lake  Okeechob e50 , Cypress Lake , and Lake
Tohopekal i ga——and with five classes of trophic lakes in north—central
Flor ida. The comparisons were made using the trophic—state indicators :
n i t rog e n , phosphorus , spec i f i c  conductance , secchi disk t r anspa rency ,
and the C3~ t i & h i l  r a t i o  which were used by Shannon and Brezonik  (1972) .

Average concentra t ions  of ortho and to t a l  phosphorus in Lake
Tohopekaliga were several times hi gher than concentra t ions  in Cypress
Lake , Lake Okeechobee , Blue Cypress Lake , and Taylor Creek Impoundment
(table 17). Lake Tohopekaliga is several miles south of Orlando and has
su f f e r e d  cul tural eu trophica tion resul t ing from sewage trea tmen t p lan ts
tha t have discharged large amounts of wa s te  in to  i ts  nor thern  t r i b u tar i e s .
In 1974 , f or examp le , these treatment plants discharged five h il 1ion
gallons of water Into Lake Tohopekaliga ’s tributaries , with the re—
s uit i n g  inpu t  (_ sf 300 tons of n i t r o g e n  and 670 tons of phosphate—phosp horus
Into the lake (Florida Game and Fresh Water Fish Commission , H 7 4 ) .

Of the five water bodies listed In table 17 , T ay lo r  Creek Impound—
men t had the second highest average c _sncentration of phosphorus. This
was because some samples were f rom the deep , anaerobic waters that had
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Table 17. ——Average nitrogen, and phosphorus concentrations and specificconductance at Taylor Creek Impoundment and Blue Cypress Lake, Upper —
~_t: .~ Johns River basin and Cy~ress Lake, Lake 0keechobee~ and Lake
Tohopekaliga, Okeechobee—Kis~ jp~~ee basin. -

~ -‘
5,

Total ortho-. Total Total Total Specific
phosphorus phosphorus organic nitrogen conductance

(P) mg/L (P) nitrogen (N) umhosfcm ~ 
-

(N)

Taylor Creek Imp .
All sites 0.06 0~09 1.05 1.22 106Site 3 .03 .05 .98 1.05 96(1969—75) ~ 5

-

Blue Cypress Lake
All sites .04 .05 1.2 1.4 248
(1969—75)

Cypress Lake 2j’
S ( 1970—75) .03 .07 1.4 1.8

(1954—64) 74(1964—75) 
130 ~ 

-
-

-
- Lake Okeechobee ~ I~~

’5

(1969—72 ) .03 .05 1.3 1.4 517

Lake Tohopekaliga -~‘

Pre—drawdown , .19 .31 .85 —— 129(1970—7 1) 
5After drawdown .15 .46 1.30 —— 179( 1972—74)

1/ From Gaggiani and McPherson, 1978.

~ai From Joyner , 19 74 .
3/ From Florida Game and Fresh Water Fish Commission, 1974.
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relatively high phosphorus concentrations. This phosphorus data cannot
be used in the trophic state comparison with other sites. The average
concentration of phosphorus at site 3 in the impoundment , which was a
shallow—water site, was about half the overall average for the impound—
ment.

The average specific conductance for the five water bodies presented
in table 17 ranged from 74 uinhos/cm in Cypress Lake (1954—64) to 517
umhos/cm in Lake Okeechobee (1969—72). Long—term data (Gaggiani and
McPherson, 1978) from Cypress Lake, however, indicates that the specific
conductance almost doubled over the last 20 years. Taylor Creek Impound—
ment had the lowest specific conductance, averaging about 100 umhos/cm.
Blue Cypress Lake had the second highest specific conductance , 248
umhos/cm, probably attributable to intensive agricultural development
around the lake. The specific conductance of the water in Lake Okeechobee
Is high because of the mineral—rich waters that are pumped into the lake
from agricultural lands (Joyner, 1974).

Algal blooms occur periodically in Florida lakes. Only where to -
: blooms are persistent or continuous are the lakes considered eutrophic.

An increasing frequency of algal blooms or changes in the species that - -

bloom, however, can indicate changing trophic conditions. Algal blooms
occurred in Taylor Creek Impoundment and Blue Cypress Lake, but their
frequency was relatively low and do not suggest eutrophic conditions. - 

-

~I Blue—green algae, which are often indicative of eutrophic lakes, became
dominant in Blue Cypress Lake in a bloom in the summer of 1970. Blooms ~ 

-

of blue—green algae also occurred in 1970 in Lake Okeechobee (Joyner,
1974) and Lake Tohopekaliga (Fla. Game and Fresh Water Fish Commission, i -

1974). All these blooms followed a period of greater than normal
rainfall and runoff , that increased nutrient input to lakes.

Shannon and Brezonik (1972) analyzed 55 lakes from north—central ~ 
-

Florida. They divided these lakes into four basic categories: (1)
clear alkaline; (2) clear soft; (3) colored acid; and (4) colored
alkaline. The clear lakes and the colored lakes then were divided
separately into trophic groups. The clear lakes formed three apparently
natural groups interpreted as the classical trophic categories——oligot— S
rophic, mesotrophic, and eutrophic. The colored lakes were more
variable and less easily interpretable in terms of classical groupings.
Shannon and Brezonik (1972) divided colored lakes into five trophic
groups as: (1) oligotrophic, (2) meso—eutrophic, (3) oligo—mesotrophic ,
(4) dystrophic, and (5) residual.

Blue Cypress Lake and Taylor Creek Impoundment are compared with
the basic lake categories of Shannon and Brezonik (1972) in table 18,
and with these investigators trophic groupings of lakes In table 19.
Both the lake and the impoundment fall into the category of a colored ,
alkaline water body. The color of each was about 130 platinum—cobalt
units, and the alkalinity averaged 32.0 mg/L in the lake and 22.1 mg/L
in the impoundment. The lake and the impoundment , however, do not
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correspond to any of the Shannon and Brezonik’s (1972) five trophic
groups for colored lakes (table 19). The most probable reasons for this
are (1) the geology and soils in the Blue Cypress Lake and Taylor Creek
basins are different from those in the lake basins in the Shannon and
Brezonik (1972) stud y and , (2) the lake and the impoundment have been
altered to a large degree by man ’s activities. Both of these affect the
water chemistry . Of the indices used to characterize the five trophic
groups , the concentrations of phosphorus and organic nitrogen, the
inverse seechi disk value (transparency), and the cation ratio could be
interpreted to indicate the lake and impoundment are either meso—eutrophic
or oligo—mesotrophic. However, the specific conductances in the lake S

and in the impoundment far exceed any of the values for the five trophic
groups (table 19).

On the basis of the chemical and biological data collected in this
study , Blue Cypress Lake and Taylor Creek Impoundment are best classified
as mesotrophic or partly enriched. Although the impoundment is of
recent origin , it cannot be called oligotrophic , and apparently it did
not pass through an oligotrophic state. Immediately after construction
of the impoundment , extreme environmental per turba tions indica ted a •

S 
state of disequilibrium. The environmental perturbations became less
severe in subsequent years, and nutrient concentrations and biological
productivity sometimes exceeded those in Blue Cypress Lake. An important
source of the nutrients that sustained biological produc t ion was the
flooded vegetation and soil. The availability of rn~-trients from this ~

- -‘

~ 

source probably prevented the impoundment from passing through an
oligotrophic state. P.1

EFFECTS OF IMPOU N DMENT ON DOWNSTRE~N WATER QUALITY

Ten downstream sampling profiles were made between Taylor Creek
Impoundment and the St. Johns River at Highway 520 in 1971 and 1972 to 5

study the short—term effects of water releases on downstream water
quality. Observations were made with water being released from the top ‘I

of the impoundment through the spillway gate and from the bottom of the
impoundment through the bottom low—flow culverts. Releases were made
during periods of both stratification and nonstratification in the
impoundment. The dates and discharge from the impoundment during the
profiles are as follows:

~~~~ Discharge (ft3/s) Type of release
11/17/71 127 Bottom
02/03/72 15.0 do
03/28/72 3.76 do
05/1 7/7 2 3.79 do
05/18/72 158 Top
05/ 19/72 169 Bo tt om
07/ 18/72 286 do
08/14/72 193 Top
09/28/72 376 do
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Water samples were collected at 5 sites along the downstream pro—
f i l e s  ( f i g .  5 ) :

10. Taylor Creek below S—l64,
_ S _ l.  Tay lor Creek at Highway 532 ,
12. Taylor Creek at Lake Poinse tt ,
13. Lake Poinsett above Taylor Creek inflow ,
15. St. Johns River at Highway 520 below Tay lor Creck inflow .

The analyses showed tha t  a considerable  amount of a c rat  ion r e su l t ed  
5

when water was released from either the top or the bottom of Structure—
164. At high d ischarges , however , it appeared that a top release re— S

sulted in a somewhat higher X) than a bottom release . On several
occasions the DO was higher below S—l64, because of aeration , than in . -

the surface waters of the impoundment. DO concentrations below S—l64
(site 10) during the 10 profiles ranged from 4.6 to 8.0 mg/L and averaged 

5

about 6.0 mg/L . ~
‘

The DO at Highway 532 (site 11) ranged from 3.7 to 6.5 mg/L and
averaged 5.0 mg/L , slightly lower than below S—164 (site 10). The
decrease between S—164 and Highway 532 could have been at least partly
due to oxidation of sulfides, organic material , ferrous iron , and oxygen
uptake by bottom sediments in the swamp between the two stations . At
the mouth of Taylor Creek (site 12) the average and range in DO concen—
tration was about the same as below S—164 (sitc ’ 10). For comparison , P
during the same period that the profiles were made , the DO i n Jane Gre en ‘ - I

Creek ranged from 1.0 to 4.7 mg/L with an average of 2.8 mg/L and at the
St. Johns River at Highway 520 (outlet of Lake Poinsett , site 15), DO
ranged from 4.9 to 8.7 mg/L and averaged 7.0 mg/L .

At high discharge from either the top or bottom of the impoundment
the total phosphorus concentration in water released from the impound—
ment averaged 0.055 mg/L, and was about the same as the average for 20
samples from Jane Green Creek (0.050 mg/L). At low discharge with a
bottom release, however, total phosphorus increased in concentration
below S—l64 (range 0.062 to 0.087 mg/L) because a largc percentagt~ ‘f
the water came from near the bottom of the impoundment where nutrients
are generally in much higher concentrations than in the surface waters
of the impoundment. At the mouth of Taylor Creek (site 12) durIng a low
discharge bottom release the phosphorus concentration was generally less
than below S—164. At high discharge there was little downstream change
in phosphorus concentrations. Phosphorus concentrations in Lake Poinsett
and the St. Johns River were generally higher than in Taylor Creek . The
phosphorus concentration in 10 samples collected at the outlet of Lake
Poinsett (site 15) averaged 0.065 mg/L and ranged from 0.020 to 0.160
mg/L.
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Inorganic nitrogen, like phosphorus, was higher in concentration at
low discharge than at high discharge. The average concentration below
S—164 (0.16 mg/L) was twice as high as in Jane Green Creek (0.08 mg/L)
and slightly higher than the average at Highway 520 (0.13 mg/L). At low
discharge there appears to be a downstream decrease in inorganic nitrogen,
whereas, at high discharge there is little downstream change.

There was considerable variation in organic nitrogen concentration
and no consistent pattern was evident. The concentration in water
released from the impoundment was similar to other sites sampled with
the exception of Wolf Creek which had a consistently lower concentration.

Color, TOC, BOO, trace metals, and alkalinity varied little along
the profiles. A high discharge from Taylor Creek, however, resulted in
a considerable sediment input into Lake Poinsett when the lake was at
low stage. This is evidently caused by shallow water and high velocities
at the mouth of Taylor Creek. On May 19, 1972 the suspended sediment
concentration at the mouth of Taylor Creek was 1,340 mg/L and the
turbidity was evident several hundred yards out into the lake. Suspended
sediment concentration is normally less than 10 ing/L. During the
September 1972 profile more than half of the total phosphorus in the P1

water column (0.085 mg/L) near the outlet of Lake Poinsett was associated
with this suspended sediment, that is, it was in suspension rather than
in solution.

The dissolved solids concentration (sum of constituents) of water
in Taylor Creek Impoundment ranged from 41 to 85 mgfL (table 7) and in
the St. Johns River at site 15 from about 250 mg/L to more than 1,200
mgIL. Under appropriate conditions such as high discharge from Taylor f;
Creek and low to moderate discharge in the St. Johns River, the Taylor
Creek inflow reduces the dissolved solids concentration in the St. Johns
River by dilution.

The number of algae decreased markedly in Taylor Creek below the
impoundment (table 20). During low discharge of a few cubic feet per
second few algae were observed downstream of S—l64, even though large
numbers were present In the impoundment, as in March 1972. During high
discharge however, algae were transported downstream in detectable
numbers to the outlet. For example, the diatom, Melosira, was abundant
In the impoundment on July 18, 1972. Though somewhat reduced in number,
it was present throughout the creek below the Impoundment during a
bottom release on this date (table 20).

Variations in specific conductance, silica, nitrogen, and phos—
phorus between 1971 and 1975 below S—164 (site 10) are shown in figure
31. Specific conductance was highest when little or no water was
released from the impoundment. Variations in silica, nitrogen, and
phosphorus are similar to variations observed in the impoundment.

86



‘ ‘

I 
~ 0 O O N

~ o ~i 
I~— —

‘I
..-

2

~~~ ~~ ø. . 1 M  ~
— ~~

I ~ ~ r ~r ~.3

N

~~

0

~~~~ 

O ... 0 ~ g~~ i:
~~ 

- .3 ~ 0 0 e 4~~I-. ~. ..4 N N
CI,

— C  —. -~I ~~ ~~ 3
~

• ~ 
~

-‘

I-. — ,~ I.,__ —
N

$

N NI.. N r~ N N N P

N

il1~~1
87

____________________ --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —— ~~~~~~‘~
- ———~.-.



22(.~ 
97$ (972 j (973 

~ 
(974 (975

i.jj C~J ~~~~~~~~~~~~~~~~~ r l I J I ~~~l J 1 Y l 7 ! T U 1 I ( U J , J J  ~ 1 J T 1 I J I I l  I I  I J ( 1 1 I 1 1 F J ( J  ~.00O~~~O

4 .

~~~~~~~~~~ Rn
11 rrIlIl HI

__ 1I

~~

m LLU 1

~ 

_ _

2.5C

TOTAL rn~oRGANtc NITROGEN

Ui 
fl NITROGEN 1 ~4( .50 . LUJ..~~

O
~~

A
~

C NITROGEN

rfl
_____I ~~~~ ~~~~ll ~U~~iiiii U

Ui °20r TOTAL

(5 Ol 5~ 
PHOSPHORUSz — —~ 

1~ ORTHOPHOSPHAT E
0.10 J

O~~~~~
~~~~~~~ . 1  ~~~~~~~~~~~~ ~~~~~J .1 0.1 .1 0.1 J 4i D~J ~ o

$9 71 (972 1973 1914 19T5

Figure 31.——Variations in specific conductance , silica, nitrogen , 
and

phosphorus in Taylor Creek below S—164.

88

— 
- -

~~~~~ 

_ _ _ _ _ _ _ _ _ _ _  

14
— — —— -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -



Table 21 gives the mean values for selected water—quality parameters
in Taylor Creek below S—164 (site 10) Wolf Creek (site 22) and Jane
Green Creek (site 23). A comparison of these data shows that water
released from the impoundment is similar in quality to the two nearby
unregulated streams. Of the 21 parameters shown in the table , only
aninonia indicates poorer water quality than in the two creeks. Ammonia
averaged 0.12 mg/L below S—164 as compared with 0.05 and 0.06 mg/L
respectively in Wolf and Jane Green Creeks. However, water below S—164
was higher in DO (6.7 mg/L) than in either Wolf Creek (6.0 mg/L) or
Jane Green Creek (3.7 tng/L). Also, concentrations of the major con-
stituents were lower in Taylor Creek below S—164 as indicated by the
lower dissolved solids, hardness, bicarbonate , and specific conductance,
than in Wolf and Jane Green Creeks.

SUMMARY AND CONCLUSIONS

Taylor Creek Impoundment was constructed on the western side of the
upper St. Johns River basin as part of a plan for flood control and t
water regulation. The impoundment, initially filled in the fall of
1969, has a volume of about 26,000 acre—ft and a surface area of about
4,000 acres. Litnnological data were collected in the impoundment
through periodic monitoring and through an intensive investigation
between July 1969 and July 1975. Concurrent comparative litnnological
data were collected in Blue Cypress Lake, a somewhat larger (6,300
acres) natural reservoir in the headwaters of the St. Johns River basin.
Some of the findings from these studies are summarized below.

The impoundment with a drainage area to volume ratio of 1.3 receives
less inflow per unit lake volume than does Blue Cypress Lake which has a
ratio of 2.3. The waters of both Blue Cypress Lake and the impoundment
are replaced , on the average, about 2 times per year. Even though Blue
Cypress Lake has a considerably larger surface area, the impoundment has
a 50 percent longer shoreline because of shoreline irregularity, giving
the impoundment more littoral zone area for aquatic productivity.

• Chemical and thermal stratification are characteristics which most
clearly distinguish the impoundment from Blue Cypress Lake and other
water bodies in the area. Stratification occurs in the impoundment
because of its greater depth and poor mixing. Stratification begins in
late winter and lasts until early autumn. Chemical stratification
occurs as a result of thermal stratification which prevents the upper
waters of the impoundment from mixing with the deeper water. As a
result, organic matter produced in the epilimnion by photosynthesis dies
and settles into the hypolimnion, where it undergoes bacterial decomposi-
tion which consumes oxygen. Trees and brush killed in flooding are also
a source of organic matter, particularly so during the early years of
impoundment. Concentrations of DO decreased sharply at the thermocline;
during the suunners of 1970—72 concentrations decreased to zero at depths
of 8 to 10 ft.
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Numerous other chemical and physical characteristics of the im—
poundment are associated with stratification. The •Eh decreased from 400
to 600 my in the epilimnion to 0 to —200 my in the hypolimnion and the
pH decreased from about 6.5 to less than 6.0. The hypolimnion also has
high concentrations of orthophosphate, ammonia—N, silica, bicarbonate,
carbon dioxide, iron, maoganese and hydrogen sulfide, all of which can
be attributed to the anaerobic environment.

The impoundment turns over In the autumn and becomes vertically
homogeneous. In contrast, Blue Cypress Lake remains well—mixed through-
out the year. - •

DO concentrations in the upper water of the impoundment varied as
much as 2 to 4 mg/L daily and from less than 1 to more than 8 mg/L
annually. Daily variations in Blue Cypress Lake were generally less
than 2 mg/L and annually concentrations ranged from 5 to 10 mg/L.

A long—term increase in DO has occurred in the impoundment since
1970. The depth to the top of the anaerobic zone has increased gradually
each year from about 6 ft in 1970 to 12 ft in 1974. Also the length of
time anaerobic conditions prevailed decreased from about 7 months in
1.970 and 1971 to less that 2 months in 1974.

Total nitrogen, which was 85 to 90 percent organic nitrogen,
• averaged about 1.2 mg/L in the impoundment and 1.4 mg/L in Blue Cypress

Lake. The remaining inorganic N was mostly ammonia In the impoundment
and mostly nitrate in Blue Cypress Lake. Total phosphorus concentrations
averaged 0.105 mg/L at the deep water site and 0.046 mg/L in the littoral
area of the Impoundment and 0.053 mg/L in Blue Cypress Lake. From 60 to
75 percent of the phosphorus was orthophosphate. Except for phosphorus
concentrations in the hypolimnion of the impoundment, the nitrogen and
phosphorus values are within the ranges measured In nearby unregulated
streams In the upper St. Johns basin and in Lake Okeechobee. From 1970
to 1974, phosphorus concentrations in the impoundment decreased about 50
percent.

During the growing season inorganic nitrogen is virtually depleted
from the epilimnion. The inorganic nitrogen—to—phosphorus molar ratio
decreases to less than 3, suggesting that nitrogen may be a growth
limiting nutrient.

Concentrations of silica in both the impoundment and Blue Cypress
Lake ranged from near 0 to more than 6 mg/L. Silica concentrations were
lowest in the spring and summer and highest in the autumn and winter.
The large variations were probably caused by the growth and decay of
diatoms.
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Total organic carbon and BOD values averaged 18 and 1.6 mg/L
respectively in the Impoundment and 22 and 1.1 mgfL respectively In Blue
Cypress Lake. The TOC analyses suggest an average concentration of
organic material of 35 to 45 mg/L.

Water in the impoundment and Blue Cypress Lake is of a mixed
chemical type with calcium , sodium , bicarbonate , and chloride as the
dominant ions. Water in the impoundment is soft whereas water in Blue
Cypress Lake varies from soft to moderately hard. Concentrations of all
major ions, except sulfate , have decreased In the impoundment since - -

1970. Sulfate concentrations have increased slightly in the impoundment
with concentrations becoming similar to those in the Inflowing creeks.
Concentrations of the major ions in Blue Cypress Lake varied In response
to hydrolog ic and climatic conditions and were generally inversely
related to lake stage.

The mean concentrations of trace metals, except Iron, were several
t imes to an order of magnitude lower than recommended water quality
criteria for various uses. Iron concentrations exceeded the criterion
for public supplies partly because of anaerobic conditions in the
impoundment and partly because of relatively high iron concentations
that occur naturally in the basin.

The overall quality of water in the impoundment has gradually
improved since 1970, probably due to the leaching and gradual flushing
of organic material , nutrients and inorganic material from the inundated
soil and terrestrial vegetation of the impoundment.

The numbers of planktonlc algae in the impoundment ranged from
20 to about 100,000 cells/mL. Blue—green algae and diatoms were the
dominant divisions. Numbers of phytoplaknton were correlated positively
with temperature , BOD, bicarbonate, organic nitrogen, and potassium . =
Phytoplankton in Blue Cypress Lake were generally less abundant than in
the Impoundment. Total numbers ranged from about 20/niL to 74,480/mL and
exceeded 10,000 cells/niL during only 5 sampling periods. Diatoms
dominated about 50 percent of the samples. Phytoplankton numbers in the
lake correlated negatively with silica and orthophosphate. The numbers
of phytoplankton in the impoundment and Blue Cypress Lake fall within
the ranges observed in other large lakes In central and southern Florida .

In 1971 and 1972, primary productivity was higher in Taylor Creek
Impoundment than In Blue Cypress Lake. Productivity at the 1.5—ft
depth averaged 580 mg (c/m ’)/day in the Impoundment and 345 mg (c/m3)/day
In Blue Cypress Lake. Seasonally, primary productivity varied from 0 to
770 in the impoundment and from 0 to 1,460 mg (c/m3)/day in Blue Cypress
Lake. Values were highest in late spring and summer. In both water
bodIes, primary productivity Is limited to the upper 3 ft because the
highly colored water restricts light penetrations.
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Numbers of zoop lankton were, on the average , ab out S time s more
abundant  In Blue Cypress Lake than in the impoundment. Copepods and
c ladocera  were dominant in the lake , and ro t i f e rs  were dominant in the
impøundment . Because copepods and cladocera are much larger than roti-
fers, the zooplankton , bloinass in Blue Cypress Lake was several orders
of magnitude larger than in the impoundment.

Numbers of benthic macroinvertebrates ranged from about 22 to 17 ,000/
m~ in the impoundment during 1971—1972. At the deep water sites these
consisted almost entirely of the phantom nUdge Chaoborus, which averaged Vmore than 8,000/rn2 at site 1 and 1,980/rn2 at site 2. In shallow water,
site 3 , .i vat-let’.’ of macroinvertebrates was collected , with an average
of gre.iter than 1 ,000/rn2. Larvae of tendl pedidae and phantom nUdges 

—dominated. For comparison, numbers of macroinvertebrates in Blue Cypress
Lake during this period ranged from about 200/rn2 to more than 5,000/rn2
and ~ive’raged about l,000/m2. Oligochaetes and the larvae of tendi pedidac
domin ated in number. Pelecypods (EllI ptIo) dominated in biomass in the
s.mdv substrata in the western part of the lake.

The quality of water released from the impoundment during the period
of this study was comparable to that of two nearby unregulated creeks,
Wolf Creek and Jane Green Creek. Of 21 physical , organic , and inorganic
parameters only ammonia Indicated poorer quality . Ammonia averaged
0.12 mg/L for water released from the impoundment as compared with an
average of 0.05 to 0.06 mg/L in Wolf and Jane Green Creeks. The average
DO concen tra tion below the impoundment was higher, 6.7 mg/L , than in
either Wolf Creek (6.0 mg/L) or Jane Green Creek (3.7 mg/L) and the
concentrations of major chemical constituents were lower. The major
adverse downstream effect noted in 10 downstream prof i les  made under
va rious discharge conditions was an increase in suspended sediment
concentration in the lower end of Lake Po inse tt .  This was caused by a
low stage in Lake Poinsett and also water  of hi gh veloci ty  near the
mouth of Taylor Creek which resuspended lake bottom sediment .
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