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Introduction 

The need for  a study of the t ida l  creek systems i n  Southwest 

Florida i s  becoming c learer  a l l  the  time. The phenomenal growth the 

s t a t e ,  especial ly  t h i s  coast ,  i n  recent years has made the need f o r  a 

supply of potable water qu i te  c lear .  Existing supplies a r e  adequate, 

but continued growth a t  the  same r a t e  will  soon necessi ta te  the  develop- 

ment of new sources of f resh water. Presently, almost a l l  of Flor ida 's  

drinking water i s  taken from the  ground. However, increased demand ' 

due t o  population growth and a la rge  phosphate mining indu;tt-y have 

caused the groundwater flow patterns t o  change and the potentior?eti'fc 

surface of the  groundwater to  decline.  Not only does t h i s  cause a 

decrease i n  t he  amount of water avai lable  f o r  use, b u t  the  decrease i n  

the  "head" of the groundwater entering the Gulf of Mexico i s  causing 

sal twater  intrusion in to  the water t ab le ,  degrading the remaining water 

supplies. Because of the  increasing demand f o r  potable water an3 the 

decreasing supply of groundwater, the streams and r ivers  of Florida are  

being considered as  a source of freshwater, making the maintenance of 

high water qua l i ty  i n  these streams imperative. 

The preservation of "good" water i e . ,  a e s the t i ca l ly  pleasing 

and biologically sound) i s  necessary t o  the  good health of Flor ida 's  

economy. The beautiful waters of Florida a r e  an a t t r ac t ion  t o  t o u r i s t s ,  

having many recreational uses such as  f ishing and swimming. These waters 

a r e  a l so  necessary fo r  the maintenance of the  de l ica te  ecological balance 

of southwest Florida. The undisturbed creek systems provide natural 

drainage f o r  the  area,  and the surrounding wetlands a c t  as  a natural 

f i l t e r i n g  mechanism for  the  water entering the bays. These areas should 

not be disturbed, as  has been already done i n  many areas ,  f o r  instance,  
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by f i l l i n g  them i n  f o r  development o r  darn ing  t h e  water  f u r t h e r  up- 

stream. 

These areas, when l e f t  r e l a t i v e l y  undisturbed,  p rov ide  an 
S 

environment f o r  many r a r e  and even unique species o f  animal, such as A 

the  b a l d  eagle and t h e  manatee. The vegeta t ion  i s  a l s o  q u i t e  b e a u t i f u l ,  
< t  nc c 

w i t h  a g r e a t  v a r i e t y  o f  p lan ts .  The v a r i e d  and unusual vegeta t iona l  and 

animal l i f e  i s  another  t o u r i s t  a t t r a c t i o n )  ai)d i t  would seem t o  be i n  - 
t h e  bes t  i n t e r e s t s  o f  t h e  people o f  F l o r i d a  t o  preserve i t. 

The t o u r i s t  i n d u s t r y  o f  F l o r i d a  depends on t h e  maintenance o f  

environmental q u a l i t y ,  and t h e  p rese rva t i on  o f  t h e  h i g h  q u a l i t y  o f  the  

t i d a l  creeks i s  necessary f o r  t h i s .  Since F l o r i d a ' s  economy i s  based on 

t h e  t o u r i s t  i n d u s t r y ,  i t  would seem t h a t  F l o r i d a ' s  economy i s  dependent 

upon t h e  maintenance o f  h i g h  q u a l i t y  waters. 

A s tudy o f  t h e  t i d a l  creek system i n  Southwest F l o r i d a  may a l s o  

prove t o  be o f  use i n  t h e  development o f  water  management programs i n  
5 - t h k  area. I n  Lee County, f o r  instance,  i t  has been s a i d  (Water Manage- 

ment i n  Lee County, A Report f o r  t h e  Board o f  County Commissioners): 

"The r a p i d  growth o f  Lee County has p laced i t  square ly  on t h e  th resho ld  

o f  d i s a s t e r  w i t h  regard  t o  watershed management.. .Much o f  t h i s  d i f f i -  

c u l t y  can be d i r e c t l y  t raced  t o  a v o i d  o f  a v a i l a b l e  watershed i n f o r m a t i o n  

and background. " 

The problems w i t h  rega rd  t o  watershed management a r e  many and 

var ied .  I n  Southwest F l o r i d a  one of t h e  major  problems i s  f l ood ing .  

I n  Sarasota County, Smalley, Welford and Nalven L F $ 4 " v c F '  ha e done ex tens i ve  
,' 

work, b u t  much i n f o r m a t i o n  i n  t h e  count ies  t o  t h e  south remains t o  be 

gathered, and e x i s t i n g  i n f o r m a t i o n  needs t o  be coordfnated. 

Run o f f  i n t o  t h e  streams and r i v e r s  i s  another  problem i n  t h i s  
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% - area. The de t r imen ta l  e f f e c t s  o f  excessive r u n o f f  have been w e l l  

documented,fi,and t h e  q u a l i t y  and amount o f  t h i s  r u n o f f  i s  dependent 
pi  ' . 

upon t h e  na tu re  o f  t h e  i n d i v i d u a l  watershed. The increase i n  sed i -  

ment l o a d  can cause s i l t a t i o n  a t  t h e  mouth and t h e  f i l l i n g  i n  o f  t h e  

wet land areas when excessive. Th is  has n o t  y e t  become a major problem 

i n  t h i s  area. The increase i n  t h e  amount o f  n u t r i e n t s  added t o  t h e  

- stream4especial ly f rom a g r i c u l t u r a l  l a n d  i s  a much g rea te r  problem 

here, causing increased en t roph ica t i on  o f  t h e  streams. I n  a d d i t i o n ,  

p o i n t  source discharges o f  p o l l u t a n t s  need t o  be l oca ted  and c o n t r o l l e d  

where t h i s  has n o t  been a l ready  done. 

F l o r i d a  a l s o  has t h e  unusual problem o f  s a l t  water  i n t r u s i o n  i n t o  

bo th  sur face and ground water. A d e t a i l e d  ana lys i s  o f  t h e  groundwater 
f- 

problem i s  n o t  w i t h i n  t h e  scope o f  t h i s  study. However, s a l t  waJer 
v 

' 

" i n t r u s i o n '  i n t o  t h e  coas ta l  sur face waters i s .  Upstream development 

and damming o f  t h e  creeks and r i v e r s  causes a reduc t i on  i n  t h e  downstream , " 

f low,  a l l o w i n g  t h e  s a l t  water t o  go f u r t h e r  upstream. Th is  d i s t u r b s  t h e  

eco log i ca l  balance, changing t h e  types o f  p l a n t s  and animals which i n -  

h a b i t  t h e  area. Th i s  i s  n o t  y e t  a c r i t i c a l  problem i n  Southwest F l o r i d a ,  

b u t  "one has o n l y  t o  l o o k  a t  t h e  areas a long t h e  Southeast coas t  o f  

F l o r i d a  t o  p r e d i c t  t h e  major problem which w i l l  occur  when.. (an area).  . 
becomes more urbanized." "Water Management i n  Lee County; A Report t o  

t h e  County Commissioners). 

A good water  management p l a n  i s  necessary f o r  a good l a n d  use 

p lan.  The two a r e  inseparable. It i s  hoped t h a t  t h i s  s tudy  o f  t h e  

t i d a l  creek systems of Southwest F l o r i d a  w i l l  be use fu l  t o  t h e  people 

of t h e  area, p r o v i d i n g  some of t h e  in fo rmat ion  necessary (and c o o r d i n a t i n g  

L 
much of t h e  e x i s t i n g  in fo rmat ion)  f o r  a b e t t e r  system, di a t e r  management, 



and possibly for  an overall land use plan. I t  may also provide 

valuable information as  to  the environmental qua l i ty  of these creeks 

and the merits of preserving them, both f o r  economic and ecological 

reasons. 



Natura l  H i s t o r y  

Southwest F l o r i d a  has a very  c o l o r f u l  h i s t o r y .  Much o f  t h e  

F l o r i d a  peninsula was o r i g i n a l l y  i nhab i ted  by t h e  Timucan and Caloosa 

Indians.  The people o f  these I n d i a n  t r i b e s  no l onger  e x i s t ,  b u t  

remnants o f  t h e i r  c i v i l i z a t i o n ,  ma in ly  I n d i a n  mounds, can s t i l l  be 

found a l l  a long the  coast.  Many o f  these I n d i a n  mounds have been dug 

- up, and F n y  p ieces o f  p o t t e r y ,  ornaments, and s h e l l s  have been des- ;. 

- t royed  by unknowl edgeabl e, unsupervised peopl ep &&the p r o t e c t i o n  o f  

these mounds i s  becoming i n c r e a s i n g l y  important .  

P i r a t e s  a r e  a l s o  known t o  have been q u i t e  a c t i v e  a long t h i s  

coast.  Many o f  t h e  i s l ands  o f f  the  coas t  a r e  sa fd  t o  have been the  

h ideouts  o f  p i r a t e s  such as Gaspar i l l a .  He i s  s a i d  t o  have l i v e d  i n  t h e  

F t .  M ~ ~ ~ ~ '  area and t o  have kept  a harem on Captiva I s land .  Whatever 

t h e  t r u t h  o f  a l l  such s t o r i e s ,  they do add c o l o r  t o  t h e  h i s t o r y  o f  

Southwest F lo r i da .  

The f l o r a  and fauna o f  t h e  area a r e  a l s o  q u i t e  unusual. There 

a r e  a v a r i e t y  o f  d i f f e r e n t  vegeta t iona l  communities i n  t h e  area. As 
c .  

one moves t o  t h e  coast  f rom t h e  upland areas, t h e  f i r s t  community en- 

countered i s  t h e  p i n e  f la twood and p r a i r i e .  This  system covers a l a r g e  

- percentage o f  t h e  is' 7 and areas. The canopy cons i s t s  o f  s l ash  p ine,  

southern long lea f  pine, and sabal palm. Some of t h e  more common under- 
,. \ 

s t o r y  vegeta t ion  i s  l i v e  oZk, saw palmet to and wax myr t l e .  Pro tec ted  

vegeta t ion  i n  t h i s  comnunity i s  t h e  bearded grasspink and golden po ly -  
7 

- , p lg idy .  W i l d l i f e  i n  t h i s  area i s  q u i t e  v a r i e d  where t h e  l a n d  has n o t  

been developed. There a r e  screech owls, great-horned owls, a wide 

v a r i e t y  o f  snakes, a rmad i l lo ,  and numerous b i r d s  such as tu rkey ,  v u l t u r e  

and t h e  burrowing owl which i s  a threatened species. 



In the inland areas ,  there  is a l so  the slough/wet p r a i r i e  

conun i ty .  T h i s  is a "shrubby" area,  w i t h  wax myrtle and a var ie ty  of 

willows predominating. Other upland vegetational cornunities a r e  the  

sand pine scrub and the pine/oak sandhi l l .  Both of these areas  a r e  

predominantly covered by various pine and oak species such as sand 

and southern longleaf pine, and turkey and myrtle oak. 

All of the above vegetational types e x i s t  primarily on the 

well-drained so i l  types. As one moves toward the coast ,  the well 

drained areas become what is known as  the  coastal  strand. This area 

i s  vegetated by Australian pine (an exotic species) ,  seagrape, saw 

palmetto and sea oats  (protected by law), and many other plant species.  

In l e s s  well drained areas such as  along creeks and r ive r s ,  

hamnock vegetational cornmuni t i e s  and freshwater marshes predominate. 
1 / 

These a re  areas of(very thick growth.) Again there  is a var ie ty  of oak - 
and palm species.  In addit ion there  a r e  Southern red cedar, holly,  

wax myrtle, wild grape, and many types of fe rns ,  including s t r ap  fern 

and shoestring fern which a re  protected by law. 

Closer t o  the  coast ,  the  poorly drained areas become mangrove 

swamps and sal twater  marshes. The vegetation i n  the  mangrove swamps 

consis ts  mainly of red, white and black mangrove and buttonwood. The 

marshland vegetation consis ts  of a var ie ty  of grasses such as  s a l tg ra s s  

-- and saltmarsh cordgrass, as  well as  needle rush and Galtwort. 

The animal l i f e  i n  both the  f resh and sal twater  marshes, and 

the mangrove swamps i s  varied and p len t i fu l .  Birds a r e  t he  most 
< dD.4 

noticeable,&aw too numerous even tg3seqh t o  l i s t  herel There a r e  

a few, ,k~W&q, which should be noted: bald eagle (endangered), osprey 
/u L %VV 

b 
(threatened),  brown pelican (threatened),  and ~ ~ M R Y  species of heronSand 



These wetland areas a r e  of special importance t o  t h i s  study. 

The importance of maintaining t h i s  environment in  i ts  natural s t a t e  i s  

c lear .  Not only do they a c t  a s  natural drainage f o r  the  upland and a 

f i l t e r i n g  area for  the  eco-system, b u t  they provide a habi ta t  fo r  many 

species of birds and animals some of which a re  qu i t e  rare .  They a l so  

provide an environment f o r  many r a re  plants.  This i s  an economic a s se t  

t o  the people of Florida, providing a unique environment which ihl ' 

a t t r ac t c iou r i s t s .  
'u" 



Geomorphol ogy 

Sixty-three million years ago what i s  now the Southwest coast  of 

Florida lay under a Paleocene Shallow sea. During the next 50 mill ion 

years marine sediments and limestone deposits formed the Florida plat -  
- _ form, of which the highest areas emerged* i n  conjunction w i t h  gradually \, - 

regressing sea l eve l s ,  as  dry land. 

The newly emergent land was then subjected t o  t he  erosive 

forces of sun, w i n d  and water and the well-defined marine sediment 

layers  became mixed and a l te red .  Sands and clays eroding from the 

higher portions of the Florida platform were deposited across the 

Florida Enibayment during the Miocene Epoch (25,000,000 years ago) and 

during the l a t e  Miocene and Pliocene (13 million years ago) the  emerged 

land was again subjected to  inundation by shallow seas. During these 

- epochs,phosphatic.clay sediments formed. Later, i n  the Pleistocene 
7) . - Epoch, (1 m i l l i o n F h e  f luctuat ing sea levels  deposited several layers  

- of quartz sand qdross ~ l o r i d a ,  which form the parent material f o r  many 

of the  s o i l s  in  Southwest Florida. 

Due t o  the  seismic s t a b i l i t y  of Florida, a surface topography 

developed w i t h  l i t t l e  change i n  elevation.  Elevational changes a r e  a 

r e su l t  of marine terracing t h a t  took place as  the  sea leve ls  regressed 

during the Pleistocene era. The r e l a t i ve ly  uniform land elevation and 

slope have resulted i n  r ivers  and streams w i t h  l i t t l e  gravi ta t ional  

momentum. Such r i v e r  and stream systems a re  characterized by slow 

movement, minor erosional e f fec t s ,  wit6 meandering stream bed pat terns  

and wide flood plains pmdcMi+&ng. 



- 
I n t r o d u c t i o n  t o  Creek Study Areas 

I - -- -- 
- I  

, 
- I n  s e l e c t i n g  smal l  t i d a l  creeks app rop r ia te  f o r  o u r  study, a  

I 
number of fac tors  were taken i n t o  cons idera t ion .  F i r s t  o f  a l l ,  be- 

I 

cause o f  resource l i m i t a t i o n s  and t h e  general scope o f  t h e  p r o j e c t ,  
\ - 

t h e  smal l  creeks i n  tbe& f i v e  count ies  o f  t h e  Southwest F l o r i d a  Region 

I 
I were chosenSManatee, Sarasota, Char lo t te ,  Lee and C o l l i e r  Gunt* .  

i/ 

A major  cons ide ra t i on  f o r  s e l e c t i o n  was t h e  autonomy o f  t h e  dra inage 
! p u c k  - system of t h e  creek. For instance, we decided n o t  t o  s tudy  creek 

systems f l o w i n g  i n t o  such major surface water systems as t h e  Manatee, 

Peace, Myakka o r  Caloosahatchee Rivers, o r  d i d  we choose creeks t h a t  \4  
had been s tud ied  e x t e n s i v e l y  p r i o r  t o  ou r  studyj.- R a t h e r & e  C Lcs.. 

small  creeks t h a t  f lowed i n t o  t h e  s a l t  water bay systems. 
4 

A map o f  Southwest F l o r i d a  ( F i g  1 ) shows t h e  l o c a t i o n s  o f  t h e  

- t e n  study creeks. 





Ecology of Streams and Cstuaries - 

Ecology i s  the study of the relationships between organisms 

and t h e i r  environment. The word Oekoloqie was f i r s t  used in  a 
1, 

s c i e n t i f i c  sense by the German biologist  Ernst Haechel i n  a paper pub- 

l ished i n  1870 (Reid 1961). The word is  derived from the Greek roots 

oikos, "home", and w, "the study of" .  L i te ra l ly ,  ecology i s  the - 
study of organisms "a t  home". 

The best  way t o  understand the scope of ecology i s  to  consider 

i t  i n  terms of some pr inciple  concepts of organizat.io~z. T'le levels  

o r  stages of t h i s  organization can be imagined as a "biological 

spectrum" (See F i g  2 ) .  

Fig.2 Biological Spectrum (adapted from Odum, 1959) 
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Ecology i s  concerned with the r igh t  hand s ide  of this 

spectrum from the organism t o  t he  biosphere. Cornunities and 
[ & ,/!. /,,L,",~ r.;k&cw 

ecosystems a r e  the  pr inciple  levels  of i n t e r e s t  t o  this thes i s  an& a re  

defined as  follows: 

A community i s  one o r  more populations co-occuring i n  time 

and space. A community may be defined e i the r  geographically or  . 
taxonomically. Geographically, a community may include a l l  the popu- 

l a t i ons  w i t h i n  a given area. Taxonomically, a community i s  composed 

of organisms w i t h  s imilar  l i f e  habits such as vegetational communities, 

insect  comnunities, o r  bird communities. 

The ecosystem i s  the  next level of i n t e r e s t  in  the  "biological 

spectrum" and i s  considered by many t o  be the fundamental u n i t  of study 

i n  ecology. As f i r s t  defined by Tansley (Reid 1961), the ecosystem 

includes "not on1 y the organism-compl ex, but the  who1 e complex of 

physical factors  forming what we ca l l  the environmorlt." This t o t a l i t y  

i s  corimonly divided into  b io t i c  and ab io t i c  components. The b io t i c  

component i s  t ha t  segment of the ecosystem t h a t  has the a t t r i b u t e  of 

l i f e .  The ab io t ic  component consis ts  of a l l  the  substances and 

forces i n  an ecosystem which a f f ec t  i t  but lack the a t t r i b u t e  of l i f e .  

Two processes a r e  fundamental to  the  self-perpetuation and 

self-regulation of an ecosystem. The f i r s t ,  energy flow w i t h i n  an 

ecosystem, i s  concerned w i t h  the procurement and u t i l i za t ion  of food 

within and from one level of an ecosystem t o  another (McNaughton and 

Wolf 1973). In the biosphere almost a l l  usable energy i s  derived from 

the sun.  Energy is captured i n  a t ransferable  form by photosynthetic 

organisms called producers. Producers a r e  grazed upon by herbivores 

which a r e  i n  turn eaten by carnivores. All th ree  leve ls  a r e  u t i l i zed  by 
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a c lass  o f  organisms known as decomposers. 
- 

These l e v e l s  of energy u t i l i z a t i o n g  a r e  known as t r o p h i c  l e v e l s  

and represent  d i f f e r e n t  feed ing  d is tances f rom t h e  pr imary energy 

source, the  sun. Because o f  thermodynamic c o n s t r a i n t s  and i n e f f i c i e n c i e s  

w i t h i n  an ecosystem t h e r e  a r e  seldom more than f o u r  o r  f i v e  t r o p h i c  

1 eve1 s . 
The second fundamental process w i t h i n  an ecosystem i s  m a t e r i a l  

flow. Energy f rom t h e  sun i s  no t  t h e  o n l y  i n g r e d i e n t  necessary f o r  t h e  

maintenance o f  an ecosystem; a number o f  a b i o t i c  elements and com- 

pounds must a l s o  be a v a i l a b l e .  These chemical elements, i n c l u d i n g  a l l  

t h e  essen t i a l  elements o f  protoplasm, tend t o  c i r c u l a t e  i n  c h a r a c t e r i s t i c  

f l o w  paths from t h e  environment t o  organisms and back t o  t h e  environment. 

These more o r  l e s s  c i r c u l a r  paths a r e  known as biogeochemical cyc les  

(Odum, 1959). 

The understanding o f  biogeochemical cyc les  has become par-  

t i c u l a r l y  c r u c i a l  t o  man i n  recen t  years. The i nc reas ing  d is tu rbance 

o f  n a t u r a l  cyc les  has made some o f  these elements scarce and o the rs  

harmful 1 y abundant. N i t rogen  and phosphorous, two o f  these c y c l i c  

elements, a r e  considered macronutr ients and a r e  o f t e n  l i m i t i n g  f a c t o r s  

i n  t h e  p r o d u c t i v i t y  o f  an ecosystem. 

N i t rogen  p lays  a fundamental r o l e  i n  t h e  metabol ism of  organisms. 

Atmospheric molecular  n i t r o g e n  i s  t h e  u l t i m a t e  source o f  n i t r o g e n  

(Hutchinson 19571, al though i t  i s  n o t  u t i l i z a b l e  i n  i t s  mo lecu lar  form. F' 
Ni t rogen  i s  f i x e d  e l e c t r i c a l l y  o r  photochemical ly  i n  t h e  atmosphere, 

by b a c t e r i a  i n  t h e  s o i l ,  o r  by  blue-green a lgae i n  t h e  oceans i n t o  

b i o l o g i c a l l y  u t i l i z a b l e  forms ( F i g  3 . Much o f  t h e  ammonia formed 

i s  n i t r i f i e d ,  f i r s t  t o  n i t r i t e ,  then t o  n i t r a t e .  A l l  t h r e e  o f  these 



Fig.  3 Nitrogen Cycle (from Horstkottle e t .  a l . ,  1974) 



forms a r e  u t i l i zed  biologically.  The reverse process, n i t r a t e  

reduction to  N2, i s  known as deni t r i f ica t ion .  I t  usually occurs when 

bacteria u t i l i z e  n i t r a t e  as  a hydrogen acceptor in  place of oxygen 

thereby reducing n i t r a t e  concentrations (Hutchinson 1957). There a r e  

three theoret ical  sources of nitrogen compounds in  natural waters: 

1 )  inf luents  such as ground water and sewage; 2) precipi ta t ion,  and 

3) f ixat ion i n  water and sediments (Hutchinson 1957). 

In the es tuar ine waters of the  southeastern United States  

nitrogen i s  often the l imit ing nutr ient  f o r  the productivity of an 

ecosystem (Williams 1972). The open ocean r a t i o  of 15 moles of 

nitrogen to  1 mole of phosphorous does not hold t rue  f o r  coastal and 

es tuar ine waters (Williams 1972). This i s  par t icu la r ly  t rue  i n  South- 

west Florida where the natural deposits of phosphorous a r e  high. 

Phosphorous i s  t he  second major element considered a macro- 

nutr ient  and a l imit ing fac tor  i n  the productivity of an ecosystem. 

The concentration of t o t a l  exchangeable phosphorous i n  natural waters 

i s  determined primarily by 1) basin morphology as  i t  r e l a t e s  t o  volume 

and d i lu t ion ;  2 )  chemical composition of the ge2logical formations of 

the  area;  3) drainage basin features  in  re la t ion  t o  organic runoff; 

4)  organic metabolism w i t h i n  the body of water; and 5) the  r a t e  a t  

which phosphorous i s  l o s t  to  sediments (Reid 1961). Kramer (1962) 

estimates t ha t  up t o  70% of the phosphorous i n  natural waters is the 

- r e su l t  of agr icul tural  runoff and detergents;but i n  southwest Florida 

the high geological concentrations a r e  equally important. Figures 

( 4 ) and ( 5 ) i l l u s t r a t e  the  phosphorous cycle i n  the biosphere and 

i n  the closed system of a lake. 



F i g . 4  Phosphorous Cycle i n  the  Biosphere ( f rom Odum, 1959) 

- 
Fig.  5 Phosphorous Cycle and Turnover time i n  a Lake ( f rom Reid, 1962) 
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17 . I 1 
,A.The Tidal Creek Habitat ; t. - As a working def ini t ion a t ida l  creek i s  a body of water 

draining uplands and forming a microestuary a t  i t s  mouth. The pro- 

portion of a creek influenced by t ida l  f lux  varies according t o  the  
,Lv 

., slope of streambed. This i s  the most important fac tor  t h a t  dis'tinrjuishes 

the t ida l  creeks i n  our study. For example North Creek has a s ign i f ican t  

l o t i c  (flowing freshwater) component because of a r e l a t i ve ly  s teep,  sloping 

streambed (see Fig 6 ) .  In contras t  Whidden Creek has no s ign i f ican t  

slope t o  i t s  streambed and i s  completely es tuar ine.  

Fig.  6 Idealized Scale of Streambed Slope 

Estuarine .. Ecotonal 4, Lotic . 
\ 
\ \ 
\ . \ . 

\ 
\ 

\ 
\ 
\ 
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A major r e s u l t  o f  streambed s lope i s  t h e  l o c a t i o n  o f  t h e  s a l t  

water-fresh water  i n t e r f a c e .  Th is  i n t e r f a c e  o r  ecotone marks the  

t r a n s i t i o n  from a l o t i c  t o  an es tua r ine  ecosysteni ( F i g  7 ) .  

Fig.7 Estuarine,Ecotonal , and L o t i c  Sect ions o f  a T i d a l  Creek 

I n  general an  ecotone i s  a t r a n s i t i o n a l  zone between two o r  

more d i ve rse  c o r n u n i t i e s  and i s  a j u n c t i o n a l  o r  t ens iona l  zone connect ing 

these c o r n u n i t i e s  (Odum 1969). A comnon c h a r a c t e r i s t i c  o f  an ecotone 

i s  t h e  edge ef fect .  Th is  i s  a tendency toward increased v a r i e t y  and 

d e n s i t y  of  species because o f  t h e  f a c t  t h a t  ecotones a r e  occupied by  

members o f  bo th  a d j o i n i n g  ecosystems as w e l l  as by a s e t  o f  species 

unique t o  t h e  ecotone. 

The l a c k  o f  streambed s lope i n  Coral and Whidden Creeks may 



result in a hypersaline region instead of a l o t i c  region near the 

headwaters. The sa l in i ty  of these creeks increases as the distance 

from the mouth increases (Fig. 9). This i s  the result of evapo- 

transpiration and the lack of freshwater inflow and complete tidal 

flushing. 

The combined factors of streambed slope and sal ini ty gradients 

make i t  apparent that  North Creek and Whidden Creek represent extreme 

points on a continuum. As when defining vegetational communities, 

distinguishing two dlfferent ecosystems i s  always somewhat arbitrary. 

B u t  the establishment of two ecosystems characterized by North and 

Whidden Creeks seems a logical and useful categorization. Bowlees, 

Whitaker, Catfish, North, Alligator (Sarasota), Mullock, and Alligator 

(Charlotte) fa l l  in the North Creek category. Coral and Whidden fa l l  

in the Whidden Creelc category. 
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+... 8 Salinity Changes along Streambed Slope I 
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b d r o l  ogy 

Hydrology can be defined as  the science tha t  deals with the 

depletion and replenishment of the e a r t h ' s  water resources. I t  i s  

concerned with the transportation of water through the a i r ,  over the 

ground and through the s t r a t a  of the ear th .  Hydrologic considerations 

re la t ing  to  the t ida l  creeks of Southwest Florida will  be primarily 

concerned with transportation of water over the ground, ( i  .e. surface 

runoff) .  Surface water hyiirology i s  an im~nense fac tor  i n  the ecological 

functioning of Southwest Florida. The topography of Southwest Florida 

i s  a  d i r e c t  r e su l t  of the  h i s to r i c  surface water hydrology whose main 

component i s  runoff. 

Factors controll ing runoff can be divided into  two major groups, 

1) cl imat ic  e f f ec t s  re la t ing  t o  precipi ta t ion and 2 )  physical character- 

i s t i c s  of drainage basins. 

Climatic Effects Relatinq to  Runoff: 

1. type of precipi ta t ion 

2. r a in fa l l  in tens i ty  

3. duration of r a in fa l l  

4. d i s t r ibu t ion  of r a in fa l l  w i t h i n  drainage basin 

5. direct ion of storm movement 

6. antecedent precipi ta t ion and so i l  mixture 

7. c l imat ic  conditions affect ing evaporation and t ranspirat ion 

Physical Character is t ics  of Drainage Basins 

1. land use 

2. so i l  type 

3. slope 

4. type of drainage net 





physical Character is t ics  of Drainage Basins - (cont.)  

5. extent of ind i rec t  drainage 

6. a r t i f i c i a l  drainage 

Climatic Effects Relating t o  Precipi ta t ion 

1. Type of Precipitation: In Southwest Florida, ra infa l l  i s  the only 

- s ign i f i can t  form of precipitation,and i t  profoundly a f fec t s  runoff. 

Southwest Florida annual r a in fa l l  ranges from 50 - 60 inchas o f  whicl! 

60% f a l l s  during the summer months generally as a r c s ~ r l t  of frequent 

thunderstorm ac t iv i ty .  The winter months a r e  r e l a t i ve ly  dry wit:i! the  

bulk of the r a in fa l l  generally occuring on one or  two days. 

2. Rainfall Intensi ty:  Rainfall in tens i ty  i s  inportant in  relatior1 t o  

runoff. When ra infa l l  in tens i ty  exceeds the i n f i l t r a t i o n  capacitj> of 

the  sub-surface, runoff will  occur and will  increase rapidly with 

fur ther  increases in  ra infa l l  in tensi ty .  In Soutbtwest Florida,  severe 

cyclonic storms (hurricanes) have been known t o  drop 10 - 12 inches of 

ra in  i n  a s ingle  24 hour period. Thunderstorms a re  known t o  drcp 3 - 4 

inches of ra in  i n  a 24 hour period. 

3 .  Duration of Rainfall :  Duration of r a in fa l l  a f f ec t s  the i n f i l t r a t i o n  

capacity of the sub-surface. When i t  ra ins ,  i n f i l t r a t i o n  capacity 

decreases. As a consequence, r a i n f a l l s  of long durations produce sub- 

s t an t i a l  runoff despi te  mild in tens i ty .  

4. Distribution of Rainfall :  The d is t r ibu t ion  and uniformity of rain- 

f a l l  in tens i ty  has an e f fec t  on runoff. I f  two drainage basins receive 

equal amounts of r a i n f a l l ,  the amounts of runoff will not necessari ly be 

equal. One basin may receive i t s  r a in fa l l  uniformly throughout the  

basin with t o t a l  r a in fa l l  never exceeding the i n f i l t r a t i o n  capacity of 

the sub-surface a t  any given location. In t h i s  case there  would be no 



surface runoff. The other basin may receive equal amounts of 

r a i n f a l l ,  b u t  uneven r a in fa l l  d i s t r ibu t ion  within the  basin. Within 

t h i s  basin a localized area may receive a r a in fa l l  in tens i ty  exceeding 

the  sub-surface i n f i l t r a t i o n  capacity. In t h i s  case runoff would 

r e s u l t .  Such a condition i s  generally associated w i t h  local ized,  

intense thunderstorms cha rac t e r i s t i c  of the summer weather patterns 

i n  Southwest Florida, and probably a f f ec t s  the surface runoff i n  the  

la rger  t i da l  creek drainage basins. 

5. Direction of -- Storm I.ioveinent: The direct ion i n  which a storm 

t r ave l s  across the drainage basin with respect t o  the  direct ion of 

flow of the  stream o r  creek has a decided influence of the  resu l t ing  

peak flows of runoff. (Wisler and Brader 1959) I f  storm movement were 

i n  the  d i rec t ion  of the  drainage flow, higher peak flows and shor te r  

runoff durations would r e s u l t  because of runoff accumulation and flow 

along the  path of the  storm as  the  storm moved downstream. I f  a storm 

moved opposite t o  the  direct ion of stream flow, runoff would be 

dispersed in a downstream direct ion while the  r a in fa l l  i s  being dis-  

persed i n  an upstream direct ion.  Lower peak flows and longer runoff 

periods r e s u l t  from such conditions due t o  dispersive e f f e c t s  on runoff. 

6. Antecedent Precipi ta t ion and Soil Moisture: The amount of moisture 

contained w i t h i n  a  subs t ra te ,  e i t h e r  from groundwater o r  antecedent 

p rec ip i ta t ion ,  has an important e f f ec t  on the  i n f i l t r a t i o n  capacity of 

t he  sub-surface. Rainfall following previous r a in fa l l  of considerable 

magnitude may produce s ign i f ican t  runoff. This condition i s  espec ia l ly  

per t inent  t o  Southwest Florida during t he  summer months. Soil moisture 

i s  of ten high during the  summer months due t o  regular  r a i n f a l l  and 

close proximity of ground water t o  ground surface.  This condit ion 



e f f e c t i v e l y  decreases t h e  i n f i l t r a t i o n  capac i t y  o f  t h e  sub-surface 

which i n  t u r n  increases runo f f  p o t e n t i a l .  This  f a c t o r  has been p a r t l y  

respons ib le  f o r  major f l o o d i n g  i n  t h i s  region,  e s p e c i a l l y  when severe 

storms a r e  separated by s h o r t  t ime spans as was t h e  case i n  Lee 

County i n  s u m e r  1975 ( M i l l e r  and Benson 1976) and on Nor th  Creek, 

South Creek, and C a t f i s h  Creek i n  1961. (USCE Flood P l a i n  In fo rmat ion ,  

Sarasota Co. 1973) 

7.  C l i m a t i c  Factors:  C l i m a t i c  f a c t o r s  a f f e c t i n g  evapora t ion  and 

t r a n s p i r a t i o n  ( i .e .  temperature, annual p r e c i p i t a t i o n ,  wind v e l o c i t y ,  

r e l a t i v e  humid i ty  and average barometr ic  pressure) combine t o  a f f e c t  

r u n o f f  by p a r t i a l l y  determin ing how much o f  t h e  p r e c i p i t a t i o n  f a l l i n g  

on a  drainage bas in  evaporates o r  i s  t r a n s p i r e d  v i a  vege ta t i on  o r  runs 

o f f  i n t o  t h e  creek o r  stream. 

Physical  C h a r a c t e r i s t i c s  o f  Drainage Basins 

1. -- Land use: Land use i s  probably t h e  most impor tan t  o f  these f a c t o r s .  

D i f f e r e n t  l and  usages c rea te  ground surfaces whose i n f i l t r a t i o n  

c a p a c i t i e s  a r e  q u i t e  d i f f e r e n t .  Well vegetated l and  w i l l  have a  h i g h  

capac i t y  t o  absorb r a i n f a l l .  Urban l and  usages, cha rac te r i zed  by  such 

impervious ground covers as sidewalks, roads, pa rk ing  l o t s ,  roo f tops ,  

s torm sewers and paved g u t t e r s  have i n f i l t r a t i o n  c a p a c i t i e s  near  zero, 

a l l o w i n g  n e a r l y  100% o f  t h e  r a i n f a l l  t o  r u n  o f f  (USCS, 1975). Urban 

l a n d  usages tend t o  increase peak discharges o f  r u n o f f  and decrease 

runo f f  per iods.  Th i s  increases f l o o d  p o t e n t i a l  (USCS, 1975). 

2 .  S o i l  type. The predominant s o i l  t ype  o r  assoc ia t ions  (see 

Appendix E ) g r e a t l y  in f luences runo f f  c h a r a c t e r i s t i c s  due t o  v a r y i n g  

i n f i l t r a t i o n  capac i t i es ,  r e s u l t i n g  f rom s i z e  o f  s o i l  g ra ins ,  aggrega- 

t i o n ,  shape, and t h e  arrangements o f  t h e  s o i l  p a r t i c l e s .  The l i m i t i n g  



fac tor  il: determining the i n f i l t r a t i o n  capacity of a so i l  i s  the 

porosity. Porosity is  defined as  the  "percentage of voids within a 

given volume of so i l  aggregate." (Wisler and Brader 1959) Porosity 

a f f ec t s  not only i n f i l t r a t i o n  capacity b u t  a l so  storage capacity 

and varies rad ica l ly  from one sub-surface to  another. Some rock 

surfaces have a porosity of l ess  than 1% while cer ta in  organic s o i l s  

have porosi t ies  as  high as  80 - 90% (Wisler and Brader 1959). 

3. Slope: Slope of the drainage basin has a coinplex re la t ionship to  

surface runoff. Slope controls overland flow time and concentrations 

of ra infa l l  i n  creek channels (Wisler and Brader 1959). Slope also 

a f f ec t s  the velocity of overland flow, the period of i n f i l t r a t i o n  which 

i n  turn a f f ec t s  peak flows of runoff (Wisler and Brader, 1959). In 

Southwest Florida the slope i s  very gradual so stream gradients a r e  

s l i g h t ,  resul t ing i n  low ve loc i t ies  of flow and slow overland flow 

ra t e s  of runoff. 

4. The drainage net :  The arrangement of the natural stream channels 

has an important e f f e c t  on runoff. A well drained so i l  is  often 

characterized by shor t  length of overland flow, resul t ing i n  rapid 

runoff concentration and high peak flows. Pr ior  t o  ditching and 

channelization, drainage basins i n  t h i s  region were probably poorly 

drained, wet slough and fresh water marsh areas. His tor ica l ly  there 

was probably no well defined drainage net,  however, i n  the  l a s t  one 

hundred years Southwest Florida has been extensively ditched and 

channelized t o  drain the sloughs and marshes. The drainage net i s  

now heavily influenced by these man-made a l te ra t ions .  



5. A r t i f i c i a l  drain>%: I n  t h i s  region,  a r t i f i c i a l  dra inage i s  

c l o s e l y  r e l a t e d  t o  t h e  drainage net ,  and has had a g rea t  impact on 

Southwest F l o r i d a .  Lowland areas, such as swamps, sloughs a d marshes 
@+he.: 4- - have been made a v a i l a b l e  f o r  pastur&faiud and a g r i c u l t u r a l  l and  by  

d ra in ing .  Orainage methods i n c l u d e  open d i tches ,  canals, and 

a r t i f i c i a l  sloughs. Upland areas a r e  a l s o  mod i f i ed  i n  t h i s  manner. 

The n e t  e f f e c t  o f  these p r a c t i c e s  has been t o  speed up t h e  removal 

o f  sur face r u n o f f  and increase peak f lows.  A r t i f i c i a l  dra inage can 

i n  some instances decrease f l o o d  p o t e n t i a l  by q u i c k l y  d r a i n i n g  r u n o f f  

f rom lowland areas be fo re  t h e  concentrated r u n o f f  f rom t h e  upland 

areas a r r i v e s .  However t h e  oppos i te  a l s o  can happen. Increases i n  

r u n o f f  due t o  a r t i f i c i a l  drainage i n  t h e  upland p o r t i o n s  o f  creeks o r  

streams can cause f l o o d i n g  i n  downstream po r t i ons .  

It i s  probable t h a t  i n  t h e  past,  f l o o d i n g  i n  t h i s  r e g i o n  was 

cha rac te r i zed  by 'low peak f lows and a l ong  d u r a t i o n  o f  f l o o d i n g  and 

g e n e r a l l y  more widespread inundat ion .  Today, f l o o d i n g  i s  o f  a s l i g h t l y  

d i f f e r e n t  na ture .  A r t i f i c i a l  drainage has s t r i p p e d  t h e  uplands o f  

t h e i r  water r e t e n t i o n  capac i t y  and so t h a t  a g r e a t e r  percentage o f  the  

r a i n f a l l  i s  e n t e r i n g  moving water  bodies. Higher peak f l ows  and 

s h o r t e r  f l o o d  du ra t i ons  a r e  evidenced and t h e  d e s t r u c t i v e  power o f  t h e  

f l o o d s  i s  now g rea te r  because o f  t h e  increased r u n o f f  v e l o c i t i e s .  

A r t i f i c i a l  dra inage a l s o  reduces t h e  p e r i o d  o f  over land f l o w  

which reduces i n f i l t r a t i o n  of t h e  sub-surface. As a r e s u l t ,  t h e  water  

t a b l e  i s  lowered causing changes i n  vege ta t i ve  cover  (marsh o r  slough 

vegeta t ion  g ives  way t o  pas ture  vegeta t ion) .  Pasture vege ta t i on  does 

n o t  have t h e  r u n o f f  absorp t ion  capac i t y  o f  a marsh f u r t h e r  adding t o  

t h e  r a p i d  removal o f  r u n o f f  f rom land. A l l  b u t  one o f  t h e  t e n  t i d a l  



creeks studied have been a l te red  by a r t i f i c i a l  drainage systems and 

- i n  some cases t h e i r  drainage basins have been s ign i f ican t ly  a l t e r ed ,  

l b d & f ,  i . e .  Coral Creek, Bowlees Creek, Whitaker Bayou and All igator  Creek, 
I .  mpY'S' 1' 

Charlotte County. f- 3 -"J General Character is t ics  of Tidal Creek Drainage Basins 
m 

c4-6-d 
,c%& 

The small t i da l  creek drainage basins are  generally f la t lands  

t Y c7+A w i t h  l i t t l e  topographic var ia t ion and slopes. Generally, the creeks 
,w~c,k.L - 

/ t? - r f -  have sources i n  marshy, slough areas and flow through f la t lands .  . . 

& €re13  . Because of uentle streambed s l o ~ e s  the t i da l  creeks have charactcr-  " 

i s t i c a l l y  slow ra t e s  of flow, and overland flow ra tes  within the * 
'LC&& 

'?I basin a r e  a l so  slow. The secondary drainageways a r e  usually i l l -  

i r8&~ L 81. 
defined o r  a r e  manifest as depressions on the surface topography. 

His tor ical ly ,  the predominant so i l  types a r e  characterized by 

c.-dt high runoff potent ia ls  w i t h  slow i n f i l t r a t i o n  r a t e s  when thoroughly - 
wetted (USGS Soil Survey, Manatee County 1972), (USGS Soil Survey, 

Sarasota County 1954). However, when adequately drained by di tches ,  

a r t i f i c i a l  sloughs and canals,  the capacity of these s o i l s  t o  absorb 

r a in fa l l  i s  markedly increased (USGS Soil Survey, Manatee County 1972). 

T h i s  practice i s  associated with the creat ion of pastureland and f o r  

flood control purposes and is widespread i n  the t i da l  creek drainage 

basins. 

Summary: 

His tor ical ly ,  whenever excessive r a in fa l l  occurred, the t i da l  

creek drainage basins were subject  t o  flooding, generally of low peak 

flow and long duration w i t h  flood water standing over la rge  upland 

areas (USCS 1973). Extensive a r t i f i c i a l  drainage systems, developed 

over t h e  years ,  have drained many previously wet s o i l s ,  e f fec t ive ly  



a1 te r ing  the drainage patterns and runoff charac te r i s t ics .  Today, 

most of the runoff i s  channeled by man-made waterways in to  the natural 

waterways. Where r a in fa l l  would once remain as  standing water for  

periods of time, i n  marshes, sloughs o r  swamps, the r a in fa l l  i s  now 

channeled almost immediately in to  waterways and to  the  bays and + ;I- , es tuar ies . '  While the practice of a r t i f i c i a l  drainage has helped 
,L - 
\ 

f_ ... Lj 
.:- -;ti convert marginal land t o  a useable form and has helped control upland 

, flooding, i t  has a l so  contributed t o  depletion of the water t ab le  t o  
. S ' '  , 
9.3 .L w .  I-)+d- s a l t  water intrusion and t o  high peak flow of short  duration (po- 
/ i '  ' /, P,*hlLil. t e n t i a l l y  more violent  downstream flooding). 

CII-cx t ) r * b c r  

OJ (A. &* Urban and suburban development a c t i v i t i e s  have created i m -  

permeable surfaces which great ly  increas& the amount of runoff 

(USSCS, 1975; Wanielista 1976; Miller 1972). The removal of natural 

f k l? vegetation has decreased the amount of permeable cover f o r  r a in fa l l  
'.& -4- f& 
? J - &  absorption and has decreased the amount of water supplied t o  the 
,. .. ;,. * ~ ,.bL/ 
j.d L^; 

& 
atmosphere via t ranspirat ion of plants .  Generally speaking, the net  

, ' ""7 
22 d y p a  e f f ec t  of these fac tors  has been t o  decrease the amount and duration 
( *i+w 

t h a t  water ( r a i n f a l l )  i s  retained by the t i da l  creek drainage basins 

and the region as  a whole. 

Runoff and Water Qual i ty  

x'\*\ Water pollution via runoff varies great ly  as  i t  i s  generated 

from numerous land usages. Generally, the  greater  man's u t i l i za t ion  of 

land, the greater  the  water pollution via runoff. Rural runoff can 

often contribute major quant i t ies  of water pollutants.  When la rge  

areas a r e  devoted t o  agr icul tural  uses, as i n  t h i s  region of Florida,  

high concentrations of pollutants a r e  not unco,mmon, (Omerni k 1976). 

Originating i n  f e r t i l i z e r s ,  pest ic ides  and other  agr icul tural  chemicals, 



these pollutants a r e  d i f f i c u l t  t o  manage because of t h e i r  dispersal  

over large expanses of land. 

Many of the hydrological .factors mentioned e a r l i e r  have an 

i:~iportant e f f e c t  on the qus l i t p  of runoff-influenced waters. The 

i n f i l t r a t i o n  capaci t ies  of various s o i l s ,  the r a in fa l l  absorptive and 

t ranspirat ional  charac te r i s t ics  of vegetation, land use, cover crops, 

ag r i cu l t i~ ra l  and water manasemertt pract ices ,  and topography a f f ec t  the 

qual i ty  of water i n  t h i s  re~jiori ,of Florida. (Omernik 1976; Wanielista, 

1976; Hill 1976; klhipple f_t a.1, 1374) Various s tudies  show t h a t  

agr icul tural  land runoff cituses lev! dissolved oxygen values during 

peak flow periods. Normal runoyf ra tes  can cause DO values below 

5 mg/l (Wanielista 1976). Other parameters such as  BOD5, suspended 

so l ids ,  nitrogen, and phosph:lrous vary depending on agr icul tural  land 

use (Wanielista 1976). Aninla1 wastes a f f e c t  water qual i ty  by t h e i r  

introduction t o  receiving waters via runoff as  indicated by elevated 

nitrogen, phosphorous and 61cnonia levels  (Jones, e t  aJ. 1976; Flip 

and Middlebrooks 1975). 

The most detrimental nonpoint runoff e f f e c t  i s  urban i n  o r ig in  

(Bhutani G. &. 1975). Urban land surfaces - r e s iden t i a l ,  

commercial, and industrial  - a re  generally impermeable w i t h  90 - 100% 

of the r a in fa l l  r u n n i n g  o f f .  In the runoff pt,ocess the water picks u p  

toxic materials from s t r e e t s ,  sidewalks, rooftops, and parking l o t s .  

Pollutant sources range from animal wastes, vehicle t i r e s ,  construction 
.to 

a c t i v i t i e s ,  garbage, vehicles,  lawns, humans, e t c .  The -major types of 
4 

urban pollutants a r e  sol id  wastes, 1 i t t e r ,  chemicals; a i r  deposited 

substances and vehicle pol 1 utants.  

Specific pollutants include heavy metals, nu t r ien ts ,  pest ic ides ,  

bacter ia ,  and d i r t  and dust .  Extreme concentrations of heavy metals 



(10 - 100 x  t h a t  o f  s a n i t a r y  sewage) have been documented 

(Wanie l i s ta  1976). Ha r r i son  (1976) determined t h a t  i no rgan ic  l ead  

concentrations (5000 - 50000 ppm) c o m o n l y  found i n  s t r e e t  dus t  and 

e a s i l y  t ranspor ted  v i a  r u n o f f  i n t o  r e c e i v i n g  waters, c o n s t i t u t e s  a  

h e a l t h  hazard. Other heavy metals  found i n  urban r u n o f f  i n c l u d e  

i r o n ,  manganese, and z i n c  (Wanie l i s ta  1976). 

Four major  types o f  n u t r i e n t  sources c o n t r i b u t e  t o  s t r e e t  

su r face  r u n o f f :  1) grease and o i l  ( i n c l u d i n g  hydrocarbons) from 

-- veh ic les ;  2) Aii:d' a n d h l i m a l  wastes; 3) food l i t t e r ;  4) o rgan ic  
. , i / .  

m a t e r i a l s  c o n s i s t i n g  o f  wood, leaves,  grasses, and o t h e r  vege ta t i ona l  
w3 tacS 
wa&s. These organ ic  m a t e r i a l s  can produce h igh  b i o l o g i c a l  oxygen 

demand i n  t h e  r e c e i v i n g  waters. The decrease i n  oxygen l e v e l s  can i n  

extreme cases k i l l  aqua t i c  o r  marine l i f e  (Wanie l i s ta  1976). S p e c i f i c  

n u t r i e n t  p o l l u t a n t s  i n c l u d e  n i t r a t e s  and phosphates which e n t e r  r e -  

c e i v i n g  waters from lawn r u n o f f  (Whipple, Hunter  and Yu 1974). 

Pes t i c i des  a r e  sotietimes found i n  s t r e e t  sur face contaminants. 

Typ i ca l  pes t i c i des  detected have been DDD, DOT, D i e l d r i n  and PCB 

(i!aniel i s t a  1976). 

F l o r i d a  - - Case i n  P o i n t :  

I n  F l o r i d a ,  numerous cases o f  r u n o f f  induced p o l l u t i o n ,  bo th  

a g r i c u l t u r a l  and urban i n  o r i g i n ,  have been documented i n  recen t  years.  

N u t r i e n t s  such as phosphorous and n i t r o g e n  a r e  m j o r  r u n o f f  p o l l u t a n t s  

i n  F lo r i da ,  and e s p e c i a l l y  i n  Southwest F l o r i d a  where h i g h  concentra- 

t i o n s  o f  phosphorous occurs n a t u r a l l y .  The c o n t r i b u t i o n s  o f  t h e  

n u t r i e n t s  n i t r o g e n  and phosphorous i s  u s u a l l y  l e s s  than 10% except  

d u r i n g  an event when over land f l o w  takes place, when these n u t r i e n t s  

dominate a l l  o the rs  (Wanie l i s ta  1976). Donigan (1975) concluded t h a t  



organic loadings from parking l o t s  reacli pollutional levels  com- 

parable t o  medium strength sewage. Wclite and Greenfield (1975) and 

Sherwood and Matrau (1975) have also idci ,%ificd phosphorous and 

nitrogen as  contributing t o  \vatpi; c;uc'l<ty pt"~b11: ; : i~ .  In Souti?!rest 

Florida phosphorous pol 1 ution occiirs f ~ - i ; i n  i c r t i l  izet-s, tletergellt 

seepage from sep t i c  tanks and drainage ft-tlnl ihc  ri?arb,y lia:t!thcrne 

phosphate deposits (Lincer 1975). 

In cer ta in  cases, where heavy concenii-<lion; o-! s e p t i c  tanks 

predominate, low lying, flood prone areas ,  sep?:ic t a ! i k  e f f luen t  may 

well be the cause of creek cont?minat?on. l+ii?eii s C ? ~ J ' ~ . ' ~ C  tari: :  l.ie near 

the water table  and a re  submer~cd dur . i i~g  extremely we'; conditions, 

t h e i r  e f f luen t  can flow into the sub-surface wi:ter and ta tera1 flow 

along a hardpan may transport  tile e f f l i~e i i t  illto receiviiig wiitrrs. 

This seems t o  be the case on Wares Creek in  f:::iiatce C~t in ty  (b!anielista 

1976). 

Runoff from da i r i e s  and pastureland entering surface waters 

r e su l t s  i n  great ly  increased col iform bacteria counts. A1 1 r ivers  

P? draining pastureland in Manatee County show coliforni co~!nts g rea te r  
, ', 

: 
, ,>' . ." than 2400 following rains .  This condition has been recorded i n  Hi l l s -  

v> 

borough and Sumter Counties as well (Uanielista 1976). 
I '  . ' . , 

A \ :  ; : . r  :': . . 
While there  a r e  few spec i f ic  s tudies  i n  Southwest Florida,  runoff \ ,  

induced pollution i s  undoubtedly s imilar  t o  the r e s t  of the  s t a t e .  

Several t i da l  creeks i n  this region; Bowlees Creek, Whi taker  Bayou, 

A1 1 iga tor  Creek (Charlotte County), Alligator Creek (Sarasota County), 

and Catfish Creek drain  pasture land, agr icul tural  land o r  urban- 

suburban land. Runoff is l i ke ly  a major contributor t o  nu t r ien t ,  heavy 

metal and bacter ia l  contamination in  these creeks especial ly  during the 

wetter sumer  months. 
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F ig.  9: Drainage basin map for Bowlees Creek 
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Fig. 10: Drainage basin map for  Whitaker Bayou 
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Fig.  11: Drainage basin map for Catfish and North Creeks. 
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Fig. 13: Drainage basin map for Alligator Creek (Sarasota County) 
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Fig. 14: Drainage bas ln  map f o r  A l l i g a t o r  Creek (Char lo t te  County) 
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Fig. 15: Drainage basin map f o r  Whidden Creek. 
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Fig. 16: Drainage bas in  map f o r  Coral  Creek. 
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F i g .  17: Drainage basin map for Mullock Creek. 
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Water Quality_ 

1' The importance of the  maintenance of good water qua l i ty  cannot 

be emphasized enough. Water i s  one of our s ing le  most important 

natural resources. All l i f e  evolved from the ocean and continues t o  

-+ 1 ,:L, depend on water f o r  existence.  In Florida, par t i cu la r ly ,  water i s  1 ,+A?.>, 
*;i *a extremely important. High qual i ty  water i s  a tremendous economic a s s e t  

L - 
t o  a s t a t e  whose major industry i s  tourism. People a r e  a t t r ac t ed  t o  

L.c'- +. 
'Q- &.&, Florida because of i t s  clean water, sandy beaches, and pleasant cl imate.  ;.r- 

Water a l so  supports the plant and ani~ral  l i f e  in  the  a rea ,  much of which 

is unique. The diverse w i ld l i f e  not only ac t s  a s  an a t t r ac t i on  f o r  

t o u r i s t s ,  b u t  i s  a l so  co~r~mercidly  valuable. The vraters of Florida have 

a valuable supply of f i n f i sh  acd she l l f i sh  which a r e  harvested. 

A t  the same time, Florida i s  one of thc most rapidly growing 

areas of the country and i s  projected t o  double in population by 1905. 

Lee County's average annual growth r a t e  i s  approximately 9%; most of 

which i s  due t o  immigration. Accordingly, ever increasing needs fo r  

potable water must be met. A repor t  f o r  the Board of County Comnlissior~ers 

fo r  Sarasota County has s t a t ed ,  "The Sarasota County population i s  now 

w i t h i n  the theoret ical  range of f u l l  u t i l i z a t i o n  of readi ly  avai lable  

water w i t h i n  i t s  po l i t i ca l  boundaries." (Env. Element: Phase 11; 1975). 

The 1976 Water Qual i ty  Inventory f o r  the S t a t e  of Florida s t a t e s  

t h a t  the  freshwater streams, espec ia l ly  i n  southwestern Florida,  a r e  

being considered a s  a potential  source of potable water f o r  the  rapidly 

growing metropolitan areas." I t  would appear then, t h a t  the  maintenance 

/ of high water qua l i ty  standards i s  not only important economically f o r  

tourism and f i sh ing ,  but i s  absolutely essen t ia l  in  order t o  meet the  

needs of a rapidly growing population. 
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Even though clean water i s  of major importance t o  the  people, 

the same growth and expansion which necessi ta tes  t he  maintenance of 

good water is  causing continual degradation of many of the  aquatic 

systems i n  the area.  Urban runoff from developed a reas ,  storm sewer 

discharges, and sewage e f f luen t  a r e  being discharged in to  the streams. 

In addit ion,  agr icu l tu ra l  runoff of f e r t i l i z e r s  and other  chemical 

nutr ients  a re  fu r ther  degrading the  streams and causing t h e i r  eutrophica- 

t ion.  Higher demand f o r  waterfront property has led t o  dredge and f i l l  

operations which c rea te  extensive canal systems whose water qua l i ty  i s  

d i f f i c u l t  t o  maintain a t  acceptable l eve l s ,  while a t  the  snrne time 

damaging (and sometimes eliminating) the valuable wetlands ecosystem 

found along most of Flor ida 's  coasts .  These wetlands not only provide 

a hab i ta t  f o r  w i ld l i f e ,  and a natural  drainage system, b u t  a l so  serve 

,, \ as a f i l t e r  f o r  the  maintenance of high water qua l i ty .  - 1 L 
. - Paradoxically, water qua l i ty  i s  d i f f i c u l t  t o  define.  What 

, ~. , , . ': <'. 
cons t i tu tes  high qua l i ty  water? I s  i t  the  level of production within 

the  ecosystem? I s  i t  compliance w i t h  Federal water qua l i ty  c r i t e r i a ?  

Is  i t  the  economic value of water? 

One point of view i s  t h a t  high qua l i ty  water i s  water in  the  

absence of man-made pollution.  What exact ly  cons t i tu tes  "pol lut ion" i s  

a hotly debated question, but can be described a s  the  "condition which 

e x i s t s  when the  a c t i v i t i e s  of Man r e s u l t  i n  widespread morta l i ty ,  

decline in  species d ivers i ty ,  lowered productivity and over t ly  'un-  

pleasant '  symptoms" (Perkins, 1974). A s t a t e  of pollution can be sa id  

t o  e x i s t  when the  concentration of growth inducing materials  and 

fac tors  exceeds what i s  optimal f o r  a population, resu l t ing  i n  an 

i n i t i a l  increase i n  production w i t h  a decrease i n  d ive r s i t y ,  followed 

by a decrease i n  production and fur ther  decrease i n  d ive r s i t y  (Fig 18 ). 



Fig.18 : The e f f e c t  of increasing concentration of nu t r ien t  sub- 
stance on growth and production within an ccosyilern. (From 
Perkins, 1974). 

In order t o  cope w i t h  the  problem of maintaining of good water 

qua1 i t y ,  the  U. S. Environmental Protection Agency has establ  ishcd 

qua l i ty  c r i t e r i a  which a r e  "expected t o  support an aquatic ecosystem 

su i t ab l e  f o r  the  higher uses of water." (Qual i ty  Cr i te r ia  fo r  Water; 

EPA, 1976). The term "water qua l i t y . c r i t e r i a "  a s  used by the  EPA 

spec i f ies  concentrations of substances i n  the  water which, when not 

exceeded, will  protect  a cornunity o r  prescribed water use; i t  should 

not be confused with a water qua l i ty  standard which is a legal  device 

based on a qua l i ty  c r i t e r i on .  The EPA has based the c r i t e r i a  on ex- 

perimental and i n  s i t u  observations of "organism responses t o  a de- 

f ined stimulus o r  material under i den t i f i ab l e  o r  regulated environmental 



conditions fo r  a  specified period of time" (EPA,  1976). Information 

on the  long term e f f ec t s  of various pollutants on many aquatic 

species must s t i l l  be obtained. Nevertheless, these c r i t e r i a  form 

the basis fo r  water qual i ty  standards i n  EPA programs. 

The S t a t e  of Florida has enacted a  number of environmental 

protection s t a tu t e s .  I t  has established a  water qua l i ty  c l a s s i f i ca t i on  

systen~ (Table 1 ) ,  and has adopted standards f o r  m i n i m u m  allowable 

water qual i ty .  The main goals of the  S t a t e  program are :  1) t o  manage 

discharge of domestic and industr ia l  wastes; 2 )  t o  control nonpoint 

source pollution; and 3 )  t o  regulate a l t e r a t i ons  of bottoms and 

shore1 ines of S t a t e  waters (S ta te  of Florida, D E R ,  1976). 



- 
Table I : C l a s s i f i c a t i o n s  o f  F lor ida  waters ,  w i t h  s tandards  f o r  s e l e c t e d  parameters. 

EPA c r i t e r i a  a r e  shown a t  r i g h t  

Class I Class  I1 Class I11 Class  IV Class V EPA C r i t e r i a  

f r e s h  water  s a i  t water  

Use potable water  s h e l l f i s h  Recreation, Agr icul ture  Indus t ry  
harves t ing  Wi ld l i f e ,  f i s h  Industry Navigation 

management 

PH + . O l  - + .02 - + .02 - + 1.0 - + 1.0 6.5-9.0:Freshwater 
Rin: 6 Min: 6.5 Min: 6 .5  Min: 6.0 M i n :  5.0 6.5-8.5: Marine 
Max: 8.5 Max: 8.5 Max: 8.5 Max: 8 .5  Max: 51.5 

Color 75 c o l o r  units 75 C.U.  75 C . U .  75 C . U .  75 C . U .  7.5 

Turbid i ty  50 JTU above 50 50 50 50 such t h a t  photo- 
background s y n t h e s i s  is  re-  

duced no more 
than 10% 

D. 0. 5.0 mg/l Ave: 5.0 Ave: 5.0 Ave: 2.0 
Min: 4.0 Min :  4.0 4.0 M i n :  1 .0 5.0 mg/l 

BOD Not i n  excess t o  decrease D. 0. below c l a s s  

Total Col iform Ave: 1000/100ml Ave: 70/100 m l  Ave: 1000/100 m l  -- -- - - 
Max:2400/100mo Max: 230/100ml <lo% exceeding 2400 

Fecal Col iform Ave:200 Ave: 14 Ave: 203 -- -- Ave: 200 
MP/100 ml Max: 400 Max: 43 Max: 400 <lo% Flax: 400 

800 < 0% 

NH3 .02 mg/l -- - - - - - - .02mg/l 

I NO3 10 mg/l - - -- - - - - 13 ng/l 

1 po4 -- 0.1 ma/i -- - - -- ---- , 0 .1  mg/l 

I 



A. Parameters Used t o  Measure Water Qual i tx:  

The number and var ie ty  of parameters which can be used t o  measure 

water qual i ty  a r e  as  great  as the number of substances present in  na t i~ra l  

waters. In t h i s  study, parameters were chosen which, in our o!~inion,  

a r e  rnost indicat ive of overall water qual i ty ,  while a t  the sirrije t.inie are  

r e l a t i ve ly  inexpensive i n  terms of man-hours required t o  perfurin the 

analysis.  The following paragraphs describe the parameters nicasured in 

t h i s  study. 

S a l i n i t y  was measured a t  each sample s ta t ion  t o  deterilir'ne a 

s a l i n i t y  gradient f o r  each creek. Because of i t s  e f f e c t  on t he  so.itibi.li+y 

of gases in  a l iqu id ,  i t  was a l so  used i n  conjunction with tcrn;~eii t t~re t o  

determine the percent saturat ion of dissolved oxyyen i n  the  water a t  the  

sample s ta t ions .  

Changes i n  s a l i n i t y  a r e  influenced by four major fac tors :  1) d i s -  

tance from the sea;  2)  r a i n f a l l ;  3) runoff from the land; and 4 )  evapo- 

ra t ion.  Distance from the sea and amount of runoff a r e  u s t~a l ly  the 

major fac tors .  

Saline waters can be c lass i f ied  as follows: (Perkins, 1974) 

Zone - 
Hyperhaline 
Euhal i ne 
Mixohaline 
1Mixo)euhal ine 
Mixo)polyhal ine 
Mixo)mesohal ine 

a-mesohaline 
b-mesohaline 
(Mixo)ol igohal ine 
a-01 i gohal ine  
b-01 igohal ine 
Freshwater 

Sa l in i ty  (0/00) 

greater  than 40 
40 - 30 
30 - 0.5 
greater  than 30; l e s s  than adjacent euhaline 
30 - 18 
18 - 5 
18 - 10 
10 - 5 
5 - 0.5 
5 - 3  
3 - 0.5 
l e s s  than 0.5 

Since the s a l i n i t y  i n  an estuary f luc tua tes  w i t h  the changing t i des  
L - 

and seasons we' ideal/ matbed 6 f - s ~ - w o u t & l ~ - t r r ~  the range and 
J 3 

U 
the mean pf s a l i n i t i e s  a t  various s t a t i ons  within an estuary over a 



L f i l < t * d  
complete t i d a l  c y c l e  and a t  d i f f e r e n t  ~ e a s o n s d @ ~ ~ / ~ *  ,'' 

Dissolved Oxygen (DO) Hutchinson (1957) s ta tes  t h a t  "a s k i l l f u l  

l i m n o l o g i s t  can probably l e a r n  more about t h e  na ture  o f  a  l a k e  from a  

s e r i e s  o f  oxygen determinat ions  than from any o t h e r  k i n d  o f  chern-ical 

data." It i s ,  t he re fo re ,  one o f  t h e  most commonly measured paraiiieters 

(01 i v e ,  1976; R icke r t ,  1975). The concent ra t ion  o f  oxygen i n  es'h~at- ics 

depends main ly  on s a l i n i t y  and temperature. Percent s a t u r a t i o n  i s  

based on these f a c t o r s  (Green, 1967). 
s 

Generat ion o f  d i sso l ved  oxygen i n  es tua r ies  -is depencki?t on 
1 

t h r e e  major  f a c t o r s :  1) r e - a e r a t i o n  by d i r e c t  c o n t a c t  w i t h  a i r ;  

2 )  m ix ing  w i t h  oxygen r i c h  water f rom t h e  sea; and 3) photosynthet ic  

a c t i v i t y .  ( F i g  19 ). D isso lved oxygen i s  decreased main ly  by b i o l o g i c a l  

and chemical o x i d a t i o n  reac t i ons  i n  t h e  water. The amount o f  o rgan ic  

m a t e r i a l  present  i n  t h e  water a f f e c t s  t h e  DO by c r e a t i n g  what i s  

c a l l e d  biochemical oxygen demand (BOD). The oxygen i s  used i n  t h e  

o x i d a t i o n  o f  o rgan ic  mat te r .  Some common sources o f  o rgan ic  ma t te r  i n  

o u r  creeks a r e  nonpoint  source r u n o f f  (urban, r e s i d e n t i a l ,  and 

a g r i c u l t u r a l ) ,  e f f l u e n t  f rom wastewater t reatment  p l a n t s  arid s e p t i c  

tank leachate.  BOD i s  o f t e n  used as an i n d i c a t o r  o f  o rgan ic  p o l l u t i o n  

(Yu, 1973). 

S e l f - p u r i f i c a t i o n  o f  a  stream depends on t h e  presence o f  

s u f f i c i e n t  d i sso l ved  oxygen t o  o x i d i z e  t h e  excess organ ic  m a t e r i a l  

(K le in ,  1962). Without s u f f i c i e n t  replenishment o f  t h e  oxygen ( i f  

t h e  r a t e  of  oxygen uptake exceeds t h e  r a t e  o f  re -ae ra t i on )  the  con- 

d i t i o n  o f  t h e  creek w i l l  worsen u n t i l  no DO i s  l e f t  and s e p t i c  

cond i t i ons  p r e v a i l .  We d i d  n o t  f i n d  such an extreme s i t u a t i o n  w i t h i n  

t h e  study area. 



Y O f f  
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Fig. I 9  : Factors affecting dissolved oxygen levels in a n  estuary. 
Adapted from Morrill, e t .  - - . >  a1 1974. 



On the  basis of numerous s tud ies  ( E l l i s ,  1937; Brinley, 1944; 

and Everatt ,  1973) the EPA has established a c r i t e r i on  of 5.0 mg/l as 

the  minimum amount of dissolved oxygen required t o  maintain good f i s h  

populations ( E P A  1976). The S ta te  of Florida has s e t  u p  DO c r i t e r i a  

s t a t i ng  t ha t  an average of 5.0 mg/l must be maintained, w i t h  m i n i m u m  

levels no less than 4.0 mg/l. 

in estirarins systems i s  qu i te  variable.  Values between 6.5 

and 9.5 a r e  coii;riigrl (Perkins, 1974). I t  i s  regulated by a C02 - 
HCO- bicarbonate - carbonate buffer system (ptl = 10.7 - 6- log $). 

Discharge of acid o r  a lka l ine  e f f luen t  i n to  es tuar ine  ecosystem can 

disrupt  the  buffer system and produce$ a change in  pH. Changes in 

pH a f f e c t  Lhe degree of dissocia t ion of weak acids and bases which 

then a f f ec t s  the t ox i c i t y  of various substances (EPA, WQC, 1976). 

The EPA c r i t e r i a  fo r  pH a r e  a s  follows: 6.5 - 9.0 f o r  freshwater 

and 6 .5  - 8.5 (+ - 0.2 from normal range) f o r  marine. The S t a t e  of 

Florida c r i t e r i a  f o r  Class 111 waters a re  6.0 - 8.5. In the  creeks 

sampled the  pH varied between 7.2 and 8.4. 

A d i r e c t  re la t ion  between pH and dissolved oxygen has been found 

i n  Australian es tuar ies  (Rochford, 1951) and in  Chesapeake Bay 

(Pr i tchard,  1959). Although a s imi la r  re la t ionship appeared t o  exist 

i n  the  t i da l  creeks i n  the  present study, the e f f e c t  was outweighed by 

other  fac tors  (temperature and s a l i n i t y ) .  

The major importance of nitrogen i n  the  biosphere i s  t h a t  i t  i s  

- an essen t ia l  component of amino acids and nucleotidesJand, therefore ,  

of proteins and nucleic acids.  I t  is a l so  a component of o ther  organic 

compounds such as urea and trimethylamine (occurs i n  marine f i s h  and 

inver tebrates) .  T h u s ,  nitrogen f ixa t ion  is a mechanism f o r  providing 

u t i l i z a b l e  nitrogen in  a body of water enabling organisms, most of 



54 

which a re  unable t o  f i x  N2,to survive. N i t r i t e  (NO2) and n i t r a t e  (KO3) 

are  two of the  commonly u t i l i zab le  forms. High  concentrations of 

n i t r a t e  in natural waters may cause acce1erat:ed growtli of aquatic p l a n t s  

- 6der ' ip l  (eutrophication).  A major source of n i t r a t e s  i s  ruriaff from 

agricul tural  land, res ident ia l  and urhan a r e i s ,  and nolf cou:.ies. 

Arrsoonia i s  the major end product of bacteriiil dt?colr~ljositicii c.f or~an . i c  

matter (Hutchinson, 1957) .  High conce!\tratioi,~s a r e  snti!?ti:i:,,:; due t o  

sewage. Ammonia i s  a l so  produced by bacterial  reduction of n-itrcitc- 

nitrogen. 

Phosphorous, l i k e  nitrogen, is an essen.tia1 riut?ient fcr. l iv ing  

systems. I t  i s  usually found bound t o  the bottom seo ' . i i i rs !~ t~  i r i  n a . t~ i r a l  

waters, and may be released by ag i ta t ion  with seawater. I t s  release i s  

accompanied by a r i s e  in  pH (Perkins, 1974) .  

Suspended so l ids  i s  a measure of organic and inorgariic part.iouliite 

matter. Perkins (1974) 1 i s t s  several e f fec t s  of high suspended sol  ids  : 

"1) Mechanical o r  abrasive action (e.g. clogging of g i l l s ,  i r r i t a t i o n  of 

t i s s u e s ) ;  2 )  blanketing action o r  sedimentation; 3 )  reduction of l i g h t  

penetration; 4 )  ava i l ab i l i t y  as  a surface for  growth of bacteria and 

fungi; 5) absorption and/or absorption of various chemicals; and 6)  

reduction of temperature fluctuations." 

Suspended pa r t i c l e s ,  when they a r e  composed of organic mater ia l ,  

lower the dissolved oxygen content of the  water by undergoing oxidation 

reactions.  Because the par t ic les  reduce l i g h t  penetration photosynthetic 

a c t i v i t y  decreases, a l so  lowering DO levels .  

The EPA water qual i ty  c r i t e r ion  f o r  t u rb id i ty  and suspended 

so l ids  s t a t e s  t h a t  the  so l ids  should not reduce the depth of the euphotic 

zone by more than 10% of the  seasonal norm. 



Color i n  water may r e su l t  from the presence of natural metal l ic  

ions,  industr ia l  wastes; and plant residues such a s  leaves,  humus and 

peat. In the t i da l  creeks i n  Southwest Florida,  the  major source of 

color i s  organic matter from decaying plants.  Because the  presence of 

suspended so l id s  a f f ec t s  the color  of waters, "apparent color" i s  the  

term used to  describe color of unf i l tered water. 

The color  of water i s  used as a water qua l i ty  parameter mainly 

because of aes the t ic  considerations,  although color  does a f f e c t  the  

penetration of l i g h t  and therefore  reduces photosynthesis (EPA, 1976). 

True color may be measured by the platinum-cobalt method (EPA, 

Manual of Methods, 1976). This method i s  applicable t o  waters i n  which -- - -- 
there  a r e  no highly colored industr ia l  wastes. Because color depends 

on pH, pH should be reported w i t h  color data (APHA, 1976). 

Colifonn bacter ia  comprises a l l  of the  f acu l t a t i ve ,  anaerobic, 

gram-negative, non-spore forming, rod shaped bacter ia  t h a t  ferment 

lactose  with gas formation i n  48 hours a t  35' C (APHA, 1976). Measure- 

ment of coliforms i s  a common pract ice  i n  water qua l i ty  analyses. Fecal 

coliform bacteria a r e  present i n  the i n t e s t i na l  t r a c t s  of warm-blooded 

animals, and a r e  used as an indicator  of pollution from domestic 

wastewater, which of ten  contains pathogens such a s  Salmonella. 

Recently there  has been growing sentiment t h a t  the  measure of 

fecal  coliforms i n  water i s  not the best  indicator  of water qua l i ty .  

One of the  major reasons i s  t h a t  although cor re la t ions  have been found 

between fecal col iform leve ls  and some pathogens, the  cor re la t ion  i s  not 

consis tent .  For instance,  the  level  of Salmonella i s  sometimes found 

t o  be in  c lose  correla t ion with the  fecal coliform leve l .  In one instance,  

when the  fecal coliform level exceeded 2001100 ml, 85% of the  samples 



a lso  contained Salmonella. When the  level exceeded 2000/100 ml, 

98% of the  samples contained Salmonella. The count of -la 

dropped t o  28% when fecal coliform leve ls  dropped under 200/100 ml 
4 / 6 * C 0 r ~ *  If - (EPA, 1972). In other  s tudies ,  however, t h i s  corre la t ion has not 
A 

been found. 

Whether Eschericjia co l i  i s  a good indicator  organism i n  sea- 

water i s  open t o  question. Carlucci and Pramer (1960) investigated the  

survival of E. col i  i n  seawater and found t h a t  the  r a t e  of survival of 

E. col i  in seawater d i f f e r s  from t h a t  in freshwater.* This indicates  -- 
t h a t  coliform counts i n  seawater should be viewed w i t h  reservation.  

Studies of fecal coliforrns i n  areas  of oyster  beds have shown 

t h a t  high leve ls  of fecal  coliforms a r e  a t t r i bu t ab l e  t o  high populations 

of warm blooded ar~imals i n  the  area (Presnel l ,  . . , 1971). 

Despite these reservations,  the fecal col iform t e s t  i s  s t i l l  

widely used t o  indicate  fecal pollution.  Studies have shown t h a t  the  

probable source of pollution may be found by studying the  r a t i o  of 

fecal coliform t o  fecal streptococcus bacteria (Smith, et, fi., 1971; 

Russo, 1974). A r a t i o  g rea te r  than 4.0 i s  u s u ~ l l y  indicat ive  of 

pollution by human waste, a r a t i o  lower than 0.7 indicates  pol lut ion 

from domestic animals. 

EPA c r i t e r i a  f o r  fecal coliforms s t a t e  t h a t  the  average fecal  

coliform count f o r  a par t i cu la r  sample s t a t i on  should not exceed 2001 

100 m l ,  with no more than 10% of the  samples exceeding 400/100 ml. 

*The & c p l i  growth curve f o r  seawater is the  inverse of the  normal growth 

curve; t h a t  i s ,  there  was an i n i t i a l  lag phase followed by a decline which 

became asymtotic t o  the  zero population l i ne .  
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B. Water Qual i ty :  An Introduction 

There a r e  many methods of presenting water qua l i ty  data in  a form 

readi ly  u t i l i z a b l e  t o  the  reader. Some mathematical models have been 

- proposed (Penumall i ,  1976; Will i s ,  1976; Wall i s ,  1974) :-end- Foster (1974) 

developed a computer program f o r  the representation of e igh t  water 

qua l i ty  parameters i n  a s c a t t e r  diagraq. 
- 

haucha's f i e l d  diagrams (1973) a r e  a good method f o r  showing the  

r e l a t i v e  values of components within a sample, b u t  f a l l  shor t  when a 

comparison between samples i s  needed. The polygonal graph (Bonetto, 

1975; Morr i l l ,  1974) i s  a good method fo r  showing differences i n  water 

qua l i ty  between d i f f e r en t  s t a t i ons .  The l a t t e r  method will  be used f o r  

comparison of water qua l i ty  both within and among the  t i da l  creeks. 

In order t o  provide a comparative pic ture  of water qua l i ty  i n  the  

ten study creeks,  data f o r  e igh t  parameters a r e  shown on polygonal 

graphs. F igure20 ,  which is the  key t o  the  graphs, shows t h a t  each 

parameter i s  plotted along one ax is  yie lding a closed polygon which can 

be e a s i l y  compared w i t h  t h a t  from another s t a t i on .  

In order t o  have a basis fo r  comparison, a graph was constructed 

using EPA c r i t e r i a  f o r  the  concentrations plot ted.  Since there  i s  no 

EPA c r i t e r i on  fo r  fecal  streptococcus bacter ia ,  the value plot ted was 

calculated using the  EPA c r i t e r i o n  f o r  fecal coliform bacter ia  (MPN 

200/100 ml) and the  fecal  coliform: fecal streptococcus r a t i o  dis-  

cussed e a r l i e r  i n  the  t e s t .  Since an FC/FS r a t i o  of 4.0 i s  the  minimal 

value indicat ive  of predominately human contamination, t h i s  was used to  

obtain a fecal  streptococcus count of 50/100 ml.* 



The EPA has not established a c r i t e r ion  for  BOD5, but t he  S t a t e  

of Florida has s ta ted  t h a t  BOD5 should not be such as  t o  decrease 

dissolved oxygen below c lass  standards. Since the EPA c r i t e r ion  f o r  

DO is  an average of 5.0 mg/l, (with a minirnun~ value of no l e s s  than 

4.0 mg/l) 5.0 mg/l was plotted fo r  DO, and 1.0 mg/l was used as a 

maximal value For BOD. This BOD value does not r e f l e c t  any formal 

c r i t e r ion ;  i t  has value only i n  re la t ion  t o  a theoret ical  DO of 5.0 mg/l . 

N O ~ + N O : ~  % ,, STREPTococcus FECAL 

I--"' ( lop WPM 

J 

Fig. 20 : a )  Key to  polygonal graphs showing parameters and concentrations 
used. b) Polygonal graph showing EPA c r i t e r i a  for  niinirnu~n 
allowable water qual i ty  to  be used as  a basis f o r  comparison. 
(see  t ex t ) .  

The graph i n  Figure 20 i s  intended to  serve a s  a basis  f o r  com- 

parison. I t  represents what the  EPA considers t o  be the minimal qua1 i t y  

water necessary t o  maintain healthy aquatic and wi ld l i fe  populations. 

This does not necessari ly mean tha t  i t  represents high qua l i ty  water. 

As has been discussed e a r l i e r ,  there  i s  no s ing le  def in i t ion  of high 

qua l i ty  water. Using the polygonal graphs however, one is able  t o  



compare the  shapes of those i n  systems undisturbed by human development 

with those i n  o ther  systems. For example, Whidden Creek i s  a low-lying 

estuary whose drainage basin has remained t o t a l l y  undfsturbed (Fig31 ). 

I f  one uses the  term "high qual i ty  water" meaning \.rater i n  the  absence 

of man-made contamination, then the  water in Vhidden Creek would be 

considered high qua1 i t y ,  and the general shape of i t s  gi-aphs could be 

compared t o  the  shapes of graphs from other  creeks of the same eco-type, 

such a s  Coral Creek. 

Another type of creek found within tile study area i s  t h c t  which 

has i t s  headwaters as a freshwater stream in the  uplands and i t s  mouth 
5 'uO--,= - i n  ti$ mangrove d h .  In a r e l a t i ve ly  undisturbed s t a t e ,  t h i s  type 

of creek i s  characterized by North Creek (Fig 27 ) .  Therefore, the  

graphs of water qua l i ty  fo r  North Creek a re  used a s  a basis fo r  

comparison i n  t h i s  type of ecosystem. 
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C.  Water Qual i ty  i n  the  Study Creeks: 

Water samples were collected f o r  analysis on February 15 and 17. 

Time did n o t  allow sampling a l l  the  creeks on the same day. All 

samples were collected on an ebbing t i de .  The methods used i n  the lab 
b. 

- a r e  included i n  A ~ ~ B  , and r a in fa l l  data f o r  the month of February a re  
bt - i n  AppY'C ; sample dates are  marked with an as te r i sk .  

I n i t i a l l y ,  only one sample run was planned. The ra t iona le  f o r  

sampling during the dry season was tha t  any chronic probleins due to  

runoff and sep t i c  tank leaching would be more ea s i ly  dist inguishable 

than i n  the wet season when a higher watet- t ab le  and greater mount. o f  

runoff contribute la rger  amounts of nutr ients  and contaminants to  the  

creeks. 

Originally we had hoped to  rank the creeks with respect t o  a 

baseline creek. This was not possible f o r  two reasons: 1) r e su l t s  of 

- t h i s  study indicate  t ha t  there  a r e  two basic types of creek ecosystein: 

and comparisons of water qual i ty  between the two may not be val id;  and 

2 )  the  information obtained was not adequate. Sampling through a f u l l  

t i da l  cycle on a bi-monthly basis f o r  a t  l e a s t  one year i s  necessary t o  

es tab l i sh  adequate baseline information. For these reasons, data for  

each creek a r e  t reated separately.  

This section i s  intended to  b r i e f ly  describe the r e su l t s  of 

the water qual i ty  analyses f o r  each of the ten study creeks. Polygonal 

graphs a r e  used t o  provide a p ic tor ia l  sumation of the  water qual i ty .  

Maps showing the location of sample s t a t i ons  and wastewater treatment 

f a c i l i t i e s  w i t h i n  the drainage basin a r e  included. 
- -, Data obtained during the February sample r u n  areshown i n  Table 2 

Results of some of the  analyses have been graphed: 1) dissolved oxygen - 



and BOD5 ( F i g . 2 1  , Table 3 ); Coliform data (Fig. 22 , Table4  ) ;  

amonia (Fig 2 3  ); and to ta l  phosphate (Fig. 24 ). 

A second sample r u n  was conducted i n  April.  The r e su l t s  have not 
&4 

y e t  been analyzed, b u t  a r e  presented i n  APP?~ D. 
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Table 3 : Dissolved oxygen values expressed as percent  s a t u r a t i o n  

f o r  purposes o f  comparison (February 15 - 17). * i n d i c a t e s  

no sample taken. 

Water (OC) D isso lved Percent 
Creek S t a t i o n  Temperature - S a l i n i t y  SE. Oxygen (mg/l)  S a t u r a t i o n  

Bowl ees 1 16 34.0 5.9 70 
2 16 7.3 7.2 76 
3 16 3.2 9.3 83 

Whi t a k e r  1 18 22.4 6.4 85 
2 18 10.5 4.7 56 
3 18 2.8 12.2 130 

C a t f i s h  1 19 27.7 * * 
2 2 1 26.3 * * 
3 18 3.5 6.0 65 

North 1 17 32.1 * x 
2 20 25.0 8.7 94 
3 19 9.4 9.3 106 

South 1 19 31.5 3.8 49 
2 20 12.3 7.1 72 
3 19 8.0 4.2 47 

A l l i g a t o r  1 19 10.8 18.2 207 
(Sarasota) 2 19 4.8 11.2 124 

3 20 3.4 6.1 68 

A l l  i g a t o r  1 19 31.1 7.0 90 
(Char lo t te )  2 22 9.9 7.1 86 

3 19 3.8 6.6 7 2 

Coral 1 15 34.1 8.1 98 
2 18 41.2 8.5 113 
3 15 29.7 6.5 7 6 

Whidden 1 17 37.6 15.3 190 
2 18 32.0 12.1 154 
3 18 28.6 15.5 192 

Mul lock  1 16 23.8 8.7 101 
2 17 13.3 7.9 88 
3 18 4.8 7.1 77 



I Fig.  21 : Graph of Dissolved oxygen values for  ten t ida l  creeks. 
Heavily shaded bars show BOD. 100% saturat ion i s  shnwn by a  s ingle  
horizontal l i ne ;  2002 saturat ion by a  double l ine .  (Data from 
February 15 - 17 sample run,) 



Table 4 : MPN values f o r  f e c a l  c o l i f o r m  and f e c a l  s t reptococcus bac te r i a .  

FC/FS r a t i o  i s  i n d i c a t i v e  o f  t h e  source o f  contaminat ion. See 

t e x t  f o r  d e t a i l s  and d iscussion.  (Data from February 15 - 17 

sampl ing.  ) 

BACTERIOLOGICAL DATA: FECAL COLIFORM: FECAL STREP R A T I O  
--.- - - - --- 

Fecal Fecal 
Creek S t a t i o n  Col i form Streptococcus FC/FS 

MPN/iOOml MPN/100 nil- - 

Bowl ees 1 100 300 0.3 
2 300 150 2.0 
3 0 340 0 

Whi t a k e r  1 400 10 40.0 
2 0 1300 0 
3 0 60 0 

C a t f i s h  1 200 200 1.0 
2 203 200 1.0 
3 400 400 1.0 

Nor th  1 100 100 1.0 
2 700 100 7.0 
3 300 280 1.1 

South 1 100 30 3.3 
2 100 130 0.8 
3 600 60 10.0 

A l l i g a t o r  1 0 100 0 
(Sarasota) 2 100 170 0.6 

3 3300 60 55.0 

A1 1 i g a t o r  1 100 200 0.5 
(Char lo t te )  2 100 290 0.3 

3 600 90 0.7 

Coral 1 200 10 20.0 
2 7000 10 700.0 
3 0 30 0 

Whidden 1 0 50 0 
2 300 20 15.0 
3 200 10 20.0 

Mul lock 1 200 10 20.0 
2 300 10 30.0 
3 300 120 2.5 

v J 





I Fig. 23 : Ammonia values (mg/l NH3-N) for ten study creeks. No values 
were available for Stations 1 and 2 on Whitaker Bayou due to 
interference with the determination. For a discussion of the 
results, see text. 

Fig. 24 : Total PO4 (mg/l) for ten study creeks. See text for discussion. 



Bowlees Creek 

- Bowlees Creek &,the northernmost o f  t h e  t reeks  i n  t h e  study, 

hPi$ i s  l oca ted  i n  Manatee County. I n  i t s  upper reaches, t h e  creek 

o r i g i n a t e s  near Samoset and f lows south through a g r i c u l t u r a l  land, 

c ross ing  US 301 j u s t  south o f  Saunder's Road. J u s t  west o f  301, t h e  

creek i s  dammed, c r e a t i n g  a smal l  lake .  From t h i s  l a k e  t o  t h e  boun- 

d a r i e s  o f  t h e  Sarasota Bay Country Club, t h e  creek f lows through an 

area o f  r e s i d e n t i a l  development. A t  t h e  western end o f  t h e  g o l f  

course a w e i r  has been constructed,  p revent ing  t h e  upstream pene t ra t i on  

o f  s a l t  water.  The creek f l ows  under US 4 1  and empties i n t o  Sarasota 

Bay. A l so  inc luded w i t h i n  t h i s  dra inage bas in  a r e  the  Sarasota/ 

Bradenton A i r p o r t  and a l a r g e  marina a t  US 41. Const ruc t ion  i s  c u r r e n t l y  

being c a r r i e d  o u t  on US 4 1  where i t  crosses Bowlees Creek. 

Sample s t a t i o n s  f o r  measurement o f  water  q u a l i t y  a r e  i n d i c a t e d  i n  

F igure  25 :  r e s u l t s  a r e  shown i n  Table 2 . These r e s u l t s  show t h a t  t h e  

concen t ra t i on  o f  n i t r a t e s  and n i t r i t e s  i s  h i g h  i n  r e l a t i o n  t o  values 

found on o t h e r  creeks, a l though f a l l i n g  below values recommended by t h e  

EPA. The r e l a t i v e l y  h i g h  concent ra t ions  a r e  probably due t o  r u n o f f  f rom 

the  g o l f  course and t h e  r e s i d e n t i a l  area. Values ob ta ined f o r  ammonia 

were a l s o  h i g h  ( F i g  23 ), and exceeded EPA recommendation a t  a l l  t h ree  

s t a t i o n s .  Since amnonia i s  o f t e n  used as an i n d i c a t o r  o f  p o l l u t i o n  f rom 

human wastes, and Bowlees Creek d ra ins  a r e s i d e n t i a l  area, t h i s  i s  n o t  

s u r p r i s i n g .  

Fecal c o l i f o r m  values f o r  a l l  t h r e e  s t a t i o n s  were w i t h i n  EPA 

c r i t e r i a .  The r a t i o  o f  f e c a l  c o l i f o r m s  t o  feca l  s t reptococcus was 

g e n e r a l l y  q u i t e  low, rang ing  from 0.0 t o  2.0, i n d i c a t i n g  t h a t  contamina- 

t i o n  i s  f rom b o t h  animal and human sources ( F i g 2 2  ).  



BOD ranged from 1.73 t o  2.43 mg/l, and was highest a t  the  

mouth of the  creek. This could be due t o  the  suspended so l id s  i n  the  

creek as a r e s u l t  of bridge construction a t  US 41. Suspended so l ids  

were high a t  s t a t i on  3, although a large portion was due t o  l i v ing  

plant matter ,  and therefore increased ra ther  than decreased DO 

l eve l s  (Fig 21 ). 

For fur ther  infonnation on water qua l i ty  i n  Bowlees Creek, 

see  Manatee County Pollution Control Reports (Stations WSB-20, 

and WN-14). 





Whi taker Bayou 

Draining the northern par t  of the  City of Sarasota, Whitaker 

Bayou i s  the  most "urbanized" of the creeks studied. Because of the 

f l a t  topography and the large amount of paved a rea ,  the delineation of 

the drainage basin was qu i te  d i f f i c u l t .  This d i f f i c u l t y  was compounded 

by the connection formed by Whitaker Bayou w i t h  an extensive drainage 

system, whose main a r t e ry  i s  the Pearce Canal. The general flow of 

water i n  t h i s  system appears t o ' b e  t o  the north in to  the Braden River. 

Consequently, t h i s  area was excluded from the drainage basin. 

The northern branch of Whitaker Bayou i s  joined t o  the Pearce 

Canal j u s t  no r th  of the  Manatee/Sarasota County Line. From there i t  

flows south through the Sarasota Kennel Club's parking l o t ,  then through 

the c i t y ,  under US 41, emptying into  Sarasota Bay north of Payne Terminal. 

Another branch consis ts  of an extensive se r i e s  of drainage ditches which 

drain a golf course, a number of res ident ia l  areas ,  and agr icul tural  land 

e a s t  of US 301 i n  the area of 27th s t r e e t .  

This creek, i n  i t s  lower reaches i s  subject  t o  a great  deal of 

s t r e s s ,  from both urban runoff and discharge of t reated sewage from 

Sarasota' s Sewage Disposal Plant.  

Sample s t a t i on  locations a r e  indicated i n  Figure 2 6  . Stat ions  

1 and 2 a r e  located w i t h i n  the City. The f i r s t  was a t  the  mouth of the  

creek j u s t  below the Sarasota sewage treatment plant  o u t f a l l ;  the second, 

where the creek passes under 27th S t ree t .  The th i rd  sample s t a t i on  was 

located i n  the  Tri Par T ra i l e r  Park just upstream of the  package 

treatment plant .  

As can be seen from the r e su l t s  (Table 2 ), s t a t i on  2 had the 

highest  recorded n i t r a t e l n i t r i t e  value of a l l  t he  creeks. This i s  

probably i r !  conjunction w i t h  high ammonia values. However, due t o  i n t e r -  



ference w i t h  t he  t e s t  a t  s t a t i ons  1 and 2, amonia was not determined. 

This i s  unfortunate because the  e f f e c t  of the  Sarasota wastewater 

treatment plant on leve ls  of ammonia was not determined. A t  the up- 

stream s t a t i o n ,  r e l a t i ve ly  low values fo r  both ammonia and n i t r a t e /  

n i t r i t e  were obtained. Numbers of fecal coliform and to t a l  coliform 

bacter ia  varied grea t ly  between s t a t i ons  of the  creek (Table 4 5 

Figure 2 2  ) .  However, the  FCIFS r a t i o  a t  s t a t i on  1 i s  qu i te  in te res t ing .  

As has already been mentioned, a r a t i o  g rea te r  than 4.0 indicates  

contamination from human sources. A value a s  high a s  40.0 i s  qu i te  

unusual i n  the  t i da l  creeks. I t  could be due t o  the  presence of l i v e -  

aboard boats in  t h i s  section of the  bayou and to the  proximity of the  

sanlple s t a t i on  t o  the  treatment p l an t ' s  o u t f a l l .  

I n i t i a l  dissolved oxygen values (Fig. 21 : Table 3 ) were a1 1 

above m i n i m u m  S t a t e  standards, ranging from 4.7 t o  12.2 mg/l. Sta t ions  

1 and 2, however, had r e l a t i ve ly  h i g h  BOD values, causing the  DO t o  

f a l l  below S ta t e  standards a t  the  end of the  f i v e  day incubation period. 

In f a c t ,  the  biochemical oxygen demand a t  the  mouth of Whitaker Bayou 

was so high t h a t  there  was no dissolved oxygen remaining a f t e r  f i v e  

days, making an accurate determination of the  BOD impossible without 

fu r the r  t es t ing .  A t  s t a t i on  3 ,  the  s i t ua t i on  was qu i t e  d i f f e r en t .  

The DO was high, 12.2 mg/l, and the  BOD was low (0.44 mgll) .  The high 

DO content i s  probably due t o  the  large amounts of submerged vascular <-- -- . - plants ound a t  t h i s  stat;o>~lodea sp.) .  

Originally,  Whitaker Bayou was probably much l i k e  North Creek, 

but the. polygonal graphs of the  water qua l i ty  (Fig. 2 6  and Fig. 2 7  ) 

no longer resemble one another. Notice, however, a s imi l a r i t y  between 

the graphs of s t a t i on  3 on Whitaker Bayou and s t a t i on  3 on Bowlees Creek, 
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both located on segments of their respective creeks which receive 

runoff from residential development. 



Fig.  26 : Map showir~g t h e  drainage bas in  and sample s t a t i o n  l o c a t i o n s  
f o r  Whitaker Bayou. Polygonal graphs a t  t h e  r i g h t  o f  t h e  map are  
f o r  comparative purposes (see t e x t ) .  A " A "  i n d i c a t e s  a ~ a c k a a e  
t reatment  p l a n t ;  A i n d i c a t e s  c o l l e c t i o n  system t rea tment  p l a n t .  



I '  

Catfish and North Creeks 

Catfish and North Creeks form a small drainage basin j u s t  ea s t  

of Vamo and south of SR 72. Catfish Creek has i t s  headwaters i n  a golf 

course j u s t  off of SR 72 (TWP 375 R18E Sect 13). Thence i t  flows south 

through unimproved pasture and pine flatwoods unt i l  i t  reaches US 4 1  and 

Vamo. There i t  receives runoff frorn two t r a i l e r  parks (with package 

plant aerat ion s e t t l i n g  ponds located near the banks o f  the  creek) and 

a res ident ia l  area before joining with North Creek pr ior  to  emptying 

in to  L i t t l e  Sarasota Bay. Much of the creek upst,-ea~n froiil US 41 i s  

just a network of seasonally wet drainage ditches (Fig. 2 7 ) .  

The North Creek basin l i e s  immediately t o  the south of the  Catfish 

Creek basin. The headwaters of North Creek a re  approximately 2.5 miles 

inland from L i t t l e  Sarasota Bay (TWP 38s; R18E; Sect.  2 ) .  The creek 

flows west through pine flatwoods, then through a small mount of 

development j u s t  e a s t  of US 41. I t  joins Catfish Creek approximately k 

mile from the bay. 

Sample s t a t i on  locations f o r  Catfish Creek a re  shown on the map 

i n  Figure 27 . Station 1 is located upstream of the confluence of 

Catfish Creek w i t h  North Creek. Station 2 i s  located downstream of 

Vamo, and s t a t i on  3 is located a t  US 41, downstream from two t r a i l e r  

parks w i t h  " t o t a l l y  retained" package plants.  Sample s t a t i on  1 on 

North Creek was located a t  the  mouth of the  creek, downstream of the 

confluence of Catfish and North Creeks. Station 2 was located a t  US 41.  

Sta t ion 3 was located a t  the junction of the  creek with a major drainage 

ditch.  

All three s t a t i ons  on Catfish had r e l a t i ve ly  high ammonia leve ls  

(Fig. 23 ), w i t h  s t a t i on  3 having the  highest value (0.35 ppm). This 



could be due t o  horizontal seepage from the s e t t l i n g  ponds i n  the 

adjacent t r a i l e r  parks. Ammonia values f o r  s t a t i on  2 and 3 on North 

Creek were somewhat lower than the values obtained on Catfish Creek. 

The ammonia value f o r  s ta t ion  1 was comparable t o  values obtained a t  

Catfish s t a t i on  1. N i t r a t e h i t r i t e  values were low (0.01 - 0.02) a t  a l l  

s ta t ions  w i t h  the exception of Catfish s t a t i on  3 (0.58 ppm). This 

could be due t o  runoff from the t r a i l e r  parks combined with seepage from 

the s e t t l i n g  ponds. 

Fecal coliform counts f o r  a l l  s t a t i ons  were w i t h i n  S t a t e  standards 

f o r  Class I11 waters, ranging from 200/100 ml to  400/100 ml. Total co l i -  

form counts were var iable ,  ranging from 200, t o  7900/100 ml (Table 4 ) .  

The FC/FS r a t i o  f o r  a l l  stat ions,with the exception of s t a t i on  2 on 

North Creek,equalled 1.0, b u t  a t  s t a t i on  2 the FC/FS r a t i o  was 7.0, 

indicating the presence of human contamination. Since t h i s  sample 

s t a t i on  i s  immediately downstream from the res ident ia l  development a t  

US 41 the high FC/FS r a t i o  could be due t o  s ep t i c  tank seepage. 

Dissolved oxygen and BOD were sampled a t  only three of the  s i x  

s ta t ions .  BOD values were r e l a t i ve ly  high, ranging from 2.63 t o  3.95 

mg/l, and caused DO values to  f a l l  below the m i n i m u m  S t a t e  standard of 

4.0 mg/l a t  s t a t i on  3 on Catfish Creek a t  the end of the f i ve  day 

incubation period. 

For addit ional information on the North Creek/Catfish Creek 

drainage basin, see: Sauers (1976); Evans (1976); Tropical Bioindustries 

(1974); and U .  S. Army Corps of Engineers (Flood Plain Information 

1973). 
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Fig. 27 : Map showing drainage basins fo r  Catfish (North) and North 
Creek. Sample s t a t i on  locations a re  marked. Graphs shown are  
f o r  s t a t i on  # 3  on Catfish;  and s t a t i ons  2 and 3 on North. Graphs 
f o r  North Creek may be used a s  a basis f o r  comparison (For 
discussion see t e x t ) .  A "$I " indicates  package treatment plants ;  
A indicates  col lect ion system treatment plants .  



South Creek 

South Creek i s  l oca ted  immediately south o f  t h e  Nor th /Ca t f i sh  

Creek basin. I t s  drainage bas in  i s  q u i t e  ex tens ive  and forms t h e  

southern and eas tern  boundary o f  t h e  Nor th /Ca t f i sh  basin. A t  i t s  

headwaters, South Creek i s  a  l a r g e  network o f  d i t ches  which extend as 

f a r  n o r t h  as SR 72 and as f a r  eas t  as t h e  Cow Pen Slough Drainage Basin. 

The creek f l ows  south from SR 72 through uniniproved pas ture  and p ine  

f la twoods u n t i l  i t  en te rs  Oscar Scherer S ta te  Park. J u s t  i n s i d e  t h e  

eas tern  boundaries o f  t h e  park a  w e i r  has been placed, p reven t i ng  up- 

stream pene t ra t i on  o f  s a l t  water.  The creek f lows under US 41 where i t  

passes through an drea o f  dredging and r e s i d e n t i a l  development be fo re  . 
emptying i n t o  Oryman Bay. 

Sample s t a t i o n  l o c a t i o n s  a r e  shown i n  F igu re  28 . S t a t i o n  1 

was l oca ted  downstream o f  US 41; s t a t i o n  2 and 3 were w i t h i n  t h e  park. 
L O  l 

- S t a t i o n  2 was l oca ted  downstream o f  t h e  smal l  boa t  16tm.A and 3 was a t  

t h e  f o o t b r i d g e  j u s t  below t h e  dam. Resul ts  o f  t h e  water  q u a l i t y  analyses 

a r e  i n  Table 2 . 
N u t r i e n t  ana lys i s  was c a r r i e d  o u t  f o r  o n l y  s t a t i o n s  2 and 3 

w i t h i n  t h e  park. Both s t a t i o n s  had very  low ammonia and n i t r a t e / n i t r i t e  

l e v e l s .  Th is  was expected s ince  t h e r e  i s  no i n t e n s i v e  a g r i c u l t u r a l  o r  

r e s i d e n t i a l  development upstream o f  these s t a t i o n s .  B a c t e r i o l o g i c a l  

t e s t s  (Fig. 2 2  : Table 4 ) show t h a t  f e c a l  c o l  i f o r m  numbers a t  s t a t i o n s  

1 and 2 were w i t h i n  S t a t e  standards. A t  s t a t i o n  3 t h e  f e c a l  c o l i f o r m  

count was 600/100 m l ,  and t h e  FC/FS r a t i o  was 10.0 i n d i c a t i n g  contaminat ion 

from human sources. Th is  cou ld  be due t o  t h e  c l o s e  p r o x i m i t y  o f  a  park  

r e c r e a t i o n  area w i t h  associated s e p t i c  tank f a c i l i t i e s .  



Dissolved oxygen l e v e l s  were low, rang ing  from 3.79 t o  

7.05 mg/l (Fig. 21 ; Table 3 ). Percent s a t u r a t i o n  values f o r  

s t a t i o n s  1 and 3 were t h e  lowest  ob ta ined i n  the  e n t i r e  s tudy area. 

Extremely low BOO values were obtained, none o f  which exceeded 1.0 

mg/l. One poss ib le  exp lanat ion  f o r  t h i s  i s  t h a t  vegeta t ion  on the 

banks o f  t h e  creek formed a canopy which prevented s u n l i g h t  from 

p e n e t r a t i n g  t o  t h e  water, thereby reducing photosynthet ic  a c t i v i t y .  
\r - I n  o t h e r  s tud ies  o f  South Creek the  DO l e v e l s  were even loi~jcr (Luge, 

1970). 

For  a d d i t i o n a l  i n f o r m a t i o n  on the  South Creek dra inage bas in  

see: Lugo, e t .  a l .  (1970); Stubensky (1974); L i n c e r  (1975); and U .  S. 

Army Corps o f  Engineers (F lood P l a i n  In fo rmat ion ,  1973). 





A l l i g a t o r  Creek (Sarasota County) - 

A l l i g a t o r  Creek i s  l oca ted  i n  South Venice (TWP 39; RISE) i n  

Sarasota County. I t s  drainage bas in  extends eas t  pas t  t h e  Venice East 

Subd iv i s ion  and south t o  t h e  Township L ine.  The no r the rn  l i m i t  l i e s  

a long Center Road. The headwaters o f  the  creek l i e  i n  Sect ion  24 j u s t  

south o f  Center Road. I t f lows southwest through a l a r g e  t r a c t  o f  land,  

owned by t h e  Gul fs t ream Land and Development Corporat ion,  which i s  t h e  

l o c a t i o n  o f  t h e  proposed Jacaranda West Planned U n i t  Ilevelopment. It 

en te rs  Sect ion  27, bounded on t h e  south by the  Venice East Subd iv i s ion  

and on t h e  n o r t h  by the  Jacaranda West development. 

The Jacaranda West development i s  bounded on t h e  west by t h e  

South Venice and Venice Gardens Subdiv is ions,  bo th  o f  which a r c  i n  t h e  

A l l i g a t o r  Creek drainage basin. West o f  t h e  Venice East Subd iv is ion ,  

t h e  south bank o f  t h e  creek i s  bordered by unimproved pasture u n t i l  t h e  

creek f l ows  through the  Venice Groves S u b d i v i f i o n  j u s t  eas t  o f  US 41. 

Downstream o f  US 41, A l l i g a t o r  Creek f lows through t h e  midd le  o f  t h e  

South Venice Subd iv i s ion  u n t i l  i t  empties i n t o  the  n o r t h  end o f  Lemon 

Bay. 

Sample s t a t i o n  l o c a t i o n s  are  shown on the  map i n  F igu re  2 9  

S t a t i o n  1 was l o c a t e d  a t  t h e  Shamrock D r i v e  br idge,  approximate ly  k 

m i l e  f rom t h e  mouth o f  t h e  creek. S t a t i o n  2 was l o c a t e d  a t  US 41, and 

s t a t i o n  3 was l o c a t e d  j u s t  downstream f rom t h e  Jacaranda West PUD and 

t h e  Venice East  Subdiv is ion.  Resul ts  a re  i n  Table 2 .  

Ammonia and n i t r a t e h i t r i t e  values a t  s t a t i o n  1 were low (F ig .  23 ). 

A t  s t a t i o n  2 t h e  value obta ined f o r  ammonia was s l i g h t l y  h ighe r  than a t  

s t a t i o n  1, though l e s s  than t h e  average value o f  0.16 ppm c a l c u l a t e d  f o r  
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a l l  the  creeks. A t  s t a t i on  3 ,  however, the  ammonia value was the  

highest found on any creek, equalled only by Coral Creek (Fig. 32 ) .  

Since t h i s  s t a t i on  i s  immediately downstream of the Jacaranda West 

and the  Venice East treatment plants ,  the  high ammonia values 

suggest t h a t  there  may be some seepage from the re tect ion ponds. This 

i s  supported by a fecal  coliform count of 3300/100 m l ,  y ie lding an 

extremely h i g h  FCIFS r a t i o  of 55. (Fig. 22 ) .  

N i t r a t e l n i t r i t e  values were a l so  qu i te  high a t  s t a t i on  3 

(0.39 ppm). Perhaps t h i s  i s  due t o  runoff from the golf course com- 

bined w i t h  seepage from the re tent ion ponds. 

The polygonal graphs show a marked s imi l a r i t y  between stat iorl  

3 on All igator  (Fig. 29 ) and s t a t i on  3 on Catfish Creek (Fig. 27 ) .  

-- These s t a t i ons  a r e  both located near%secondary package p lan ts ,  

suggesting t h a t  a graph of t h i s  general shape could be ind ica t ive  of 

human contamination. 

For addit ional information on the  A1 1 iga tor  Creek (Sarasota) 

drainage basin, consult  Development of Regional Impact Application - f o r  - 

Jacaranda West (Gulfstream Land and Development Corporation, 1975) .  
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Fig.  29 : Drainage bas in  map showing sample s t a t i o n  l o c a t i o n s  f o r  
A l l i g a t o r  Creek (Sarasota County). Polygonal graphs a t  bottom 
a r e  f o r  comparative purposes. " A " i n d i c a t e s  package t rea tment  
p lan ts ;  A i n d i c a t e s  c o l l e c t i o n  system t reatment  p lan ts .  



All igator  Creek (Charlotte County) 

Al l igator  Creek (Charlotte)  has the  l a rges t  drainage basin of 

any of the study creeks. The creek has two main forks.  The North 

Fork joins  the  main channel approxi~nately % mile upstream from where i t  

empties i n to  Charlotte Harbor. I t  i s  a natural channel upstream t o  

j u s t  west of US 41. This portion of the  creek has undergone rapid 

res iden t ia l  development over the  past  ten years.  Ar t i f i c i a l  channels 

from as  f a r  north as Charlotte Park presently drain i n to  the  North Fork. 

East of US 41, the North Fork i s  a man-made canal which drains  par t  of 

the  City of Punta Gorda. I t  extends e a s t  draining ag r i cu l tu r a l ,  un -  

developed, and some pasture land. 

The main channel of Al l igator  Creek has i t s  headwaters i n  the  

C. M. Webb Wildlife Management Area. A t  i t s  source, i t  i s  divided in to  

a South Prong and a North Prong which merge i n  the center  of the  loop 

formed by Jones Loop Road. This area i s  used mainly a s  pastureland w i t h  

a small amount of res iden t ia l  development. The North Prong a l so  re- 

ceives runoff from the Charlotte Ranchettes Development; while the  

South Prong drains South Punta Gorda Heights. After the  juncture a t  

Jones Locp Road, the  creek flows west through agr icu l tu ra l  and pasture 

land t o  Taylor Road. Downstream of Taylor Road there  is  a dam which i n  

recent years has begun to  leak,  allowing s a l t  water t o  intrude i n to  the  

freshwater portion of the  creek. 

From Taylor Road, the  land use i s  ch ie f ly  res iden t ia l  u n t i l  just 

west of B u r n t  Store Road (SR 765). Downstream from the T ra i l e r  Park a t  

B u r n t  Store Road the  land on both s ides  of the  creek i s  ch ie f ly  un- 

developed. I t  should be noted however, the Punta Gorda I s l e s ,  Inc. has 

f i l e d  an Environmental Impact Statement f o r  the  development of the  t r a c t  



of land ' located between the  North and South Forks of Al l igator  Creek 

and US 41. This development would involve 1,015 acres  including a 

golf course, 127 multi-family homesites, and 1,452 s ing le  family 

homesites (Environmental Impact Statement). Between 1970 and 1973 

approximately 30% of the  waterways were dredged. In 1973 a l l  work was 

stopped. 

Sample s t a t i on  locations a r e  shown on the map i n  Figure 30 

Stat ion 1 was located a t  the  mouth of Al l igator  Creek downstrea~n of 

the  confluence of the  North Fork and main channel. Sta t ion 2 was located 

a t  US 41 and 3 was located a t  Taylor Road j u s t  above the  dam. Results 

from the t e s t s  a r e  given i n  Table 2 .  

Arnmonia values a t  a l l  s t a t i ons  on the  creek were low, ranging 

from 0.05 t o  0.12 ppm (Fig. 23 ). N i t r a t e / n i t r i t e  values were a l so  low 

a t  0.01 ppm. These r e su l t s  a r e  i n  accordance with the  FC/FS r a t i o  which 

was between 0.3 and 0.7 a t  a l l  s t a t i ons ,  indicating t h a t  contamination 

is due ch ie f ly  t o  animal sources. Dissolved oxygen leve ls  were well 

above minimum S t a t e  standards, ranging from 6.6 t o  7.1 mg/l. BOD values 

were low, ranging from 0.68 t o  2.15 mg/l . The general shape of the  

polygonal graphs fo r  Al l igator  Creek corresponds c losely  w i t h  the  shape 

of the  graphs f o r  North and South Creeks. 

For fu r the r  information on water qua l i t y  in Al l igator  Creek see:  

1) Environmental Impact Statement; Section 15; Punta Gorda I s l e s  ( U .  S. 

Army Corps of Engineers, 1976) 2)  Finger-Fill Canal Studies;  Florida 

and North Carolina (Hicks, D. B. e t .  a l . ,  1975); and 3) Phase I of the  

Water Management Study fo r  West Central Charlotte County (Johnson 

Engineering, 1976). 





Whidden Creek - 

Whidden Creek drains par t  of the southern end of Cape Haze. 

I t  i s  the only creek of the ten studied whose drainage basin consis ts  

of t o t a l l y  undeveloped land. The northern boundary of the drainage 

basin i s  formed by a d i r t  service road (Township 41s; Range 21E; 

Sections33 and 34) a t  the southern end of the property owned by 

General Develop~nent Corporation. The topography of t he  e n t i r e  south end 

of the peninsula i s  extremely f l a t ,  making delineation of a drainage 

basin d i f f i c u l t .  The maxim~~m change i n  elevation over the e n t i r e  area 

i s  f i ve  f e e t ,  so t h a t  during heavy rains  drainage basin l i nes  are  

meaningless. 

The creek flows south from the NW corner of Section 10 (TWP 42s; 

R 21E) through dense mangrove vegetation t o  i t s  es tuar ine mouth i n  

Gasparilla Sound.. A t  i t s  m o u t h  i s  located a la rge  Indian mound known 

as Mound Key. 

Sample s t a t i on  locations are  shown in  Figure31 , and r e su l t s  of 

the  analyses a r e  i n  Table 2 . The s i tua t ion  on Whidden Creek i s  qu i te  

interest ing.  I t  i s  par t  of one of the most prsductive ecosystems i n  

the world, t h a t  i s ,  the mangrove swamp. As has been discussed e a r l i e r ,  

Whidden Creek may be considered as  a basis f o r  comparison with other  

creeks i n  this type of ecosysteni. 

Data from this study show t h a t  dissolved oxygen leve ls  were t he  

highest obtained on any of the study creeks. Percent saturat ion values 

were extremely high, ranging from 154 - 192% (Table 3 ) BOD values 

were a l so  high i n  r e l a t i on  t o  values f o r  the  other creeks. Since human 

contamination does not seem possible,  the high BOD is probably due t o  
L 

O+ rA-c nf - the  la rge  amount of a t t e r  from the mangroves. T h i s  i s  supported by the 
I\ 



f a c t  t h a t  although dissolved nutr ients  (NO2 and NO3) l eve ls  were low, 

the  t o t a l  kjeldahl nitrogen was much higher than f o r  most of the  other  

creeks, indicat ing t h a t  the nitrogen i s  bound up i n  organic compounds. 

Suspended so l ids  a r e  a l so  r e l a t i ve ly  high, giving fur ther  support t o  

t h i s  idea. 

The FC/FS r a t i o  i s  qu i te  high a t  s t a t i ons  2 and 3 .  As has been 

s ta ted  high col iform counts i n  areas w i t h  oyster  bars could be due t o  a 

high population of warm blooded animals (Presnel l ,  1971), and Whidden 

Creek has a large population of birds.  Normally, high fecal  coliform 

counts are  considered indicat ive of poor water qual i ty  because of t h e i r  

u t i l i t y  i n  showing the presence of human contamination. In t h i s  case,  

however, the  high values a r e  indicat ive of a large population of animals 

w i t h  accompanying biological a c t i v i t y  (and productivity) . The 

d i f f i c u l t y  i n  defining high water qua1 i t y  becomes apparent here. 

I t  should be noted tha t  the area immediately t o  the north of the 

Whidden Creek drainage basin is plat ted for  development by General 

Development Corporation. Further observation and t e s t i ng  on Whidden 

Creek should be carr ied out  t o  provide baseline information. 

For additional information on the development i t  may be obtained 

i n  South Gulf Cove Redesign (General Development Corporation, 1975). 





Coral Creek 

Coral Creek i s  wide, shallow creek which flows through an area 

o f  mangrove and s a l t  marsh vegetation. It has two main branches. The 

East Branch has i t s  headwaters i n  Township 41S, Range 22E, Section 31 

j u s t  east o f  the  Seaboard Coastl ine Railroad. I t  flows southwest through 

an area o f  land which has been cleared, but  i s  present ly undeveloped 

u n t i l  i t  jo ins  the West Branch j u s t  nor th  o f  Placida. Thence, i t flows 

southeast, emptying i n t o  Gaspar i l la Sound a t  Placida. 

The West Branch of Coral Creek represents a unique s i tua t ion .  

I t s  natura l  drainage basin has been changed by t he  development o f  Rotunda 

West. Presently, on ly  a small p a r t  o f  Rotunda West i s  f u l l y  developed. 

However, drainage canals have been dredged for the  e n t i r e  area, changing 

the drainage patterns of the  West Branch o f  Coral Creek and Buck Creek. 

Because o f  the construct ion of a c i r c u l a r  d i t c h  (Fig. 32 ) water which 

previously draSned i n t o  Buck and Coral Creeks now f lows i n t o  the d i tch.  

The natura l  headwaters o f  the West branch are w i t h i n  the Rotunda 

West development (TWP 41s; R21E; Sect. 18). The creek flows south 

through Rotunda West t o  a land dam located i n  Township 415; Rante 20E; 

Section 35. Flow through (over) t h i s  dam i s  slow. Downstream o f  the 

dam there i s  res iden t i a l  development on the  west bank o f  the  creek. Some 

dredge and f i l l  operations have been car r ied  out  on the  s p i t  o f  land 

between the two branches o f  the  creek. 

Sample s ta t i on  locat ions are shown on the  map i n  Figure 32 

Sta t ion  1 was located a t  t he  mouth o f  the  creek a t  SR 771; s t a t i o n  3 

was j u s t  downstream o f  the dam on the  West Branch near the  s ing le  

fami ly  development; and s t a t i o n  2 was a t  the headwaters o f  the East 

Branch. 
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Results o f  the  water analyses (Table 2 ) show t h a t  n i t r a t e /  

n i t r i t e  l eve l s  were low a t  a l l  three stat ions.  A m n i a  values f o r  

s t a t i o n  1 and 3 were comparable t o  values found on the other creeks. 

However, a t  s t a t i o n  2, the a m n i a  values were the highest obtained on 

any creek. This could be due t o  the lack  o f  t i d a l  f lush ing  combined 

w i t h  the h igh ly  concentrated feca l  wastes f r o m  a la rge  population o f  

b i rds.  

Comparison o f  the  polygonal graphs (Fig. 32 ) f o r  t h i s  creek 

shows t h a t  the  water i n  the  two branches i s  o f  a d i f f e r e n t  nature. 

The graph showing data from s ta t i on  2 i n  the East Branch i s  s i m i l a r  

I n  shape t o  those o f  s ta t ions 2 and 3 on Whidden Creek. Since both 

Whidden Creek and the East Branch o f  Coral Creek are undisturbed man- 

grove systems, t h i s  i s  not  surpr is ing.  As described f o r  Whidden 

Creek, the h igh p roduc t i v i t y  o f  t h i s  system, combined w i t h  a la rge  

population o f  b i rds  and aquatic l i f e ,  causes DO, feca l  col i form, and 

a m n i a  l eve l s  t o  be high. 

The graph showing data from s t a t i o n  3 on the  West Branch i s  

somewhat d i f f e ren t .  This could be due t o  the disturbed nature o f  t h i s  

branch. h n i a  concentration and bac te r ia l  counts were lower than f o r  

the  East Branch s ta t ion,  whi le  dissolved nu t r ien ts  were higher. This 

could be due t o  runo f f  o f  f e r t i l i z e r s  f r o m  the homes on the  West Bank. 

S a l i n i t y  was unusually high a t  s t a t i o n  2 (41.2%$. A possible 

reason for t h i s  i s  t h a t  t i d a l  water reaches t h i s  area on ly  per iod ica l l y ;  

the  t i d a l  water tends t o  co l l ec t ,  due possibly t o  a s l i g h t  depressopm 

i n  elevat ion.  Subsequent evaporation would then create hypersal ine 

condit ions. 





Mu1 lock Creek 

Mullock Creek i s  the southernmost o f  the creeks studied. It i s  

located approximately ten miles south o f  Fo r t  Myers, (T46S; R24-5E). 

I t s  drainage basin extends east from Estero Bay t o  the San Carlos Park 

development. I t  i s  bounded on the south by the Estero River drainage 

basin. The northern por t ion  o f  i t s  basin has been d r a s t i c a l l y  a l te red  

by the  construct ion o f  the  Ten M i l e  Canal. The Canal extends nor th  t o  

the  City o f  Ft. Myers, inc lud ing the Ft. Myers a i rpo r t .  I t  also drains 

the  S i x  Mi le  Cypress. This adds approximately 53 square mi les t o  the 

drainage basin o f  Mullock Creek (Johnson Engineering. 1972), most o f  

which i s  contained w i t h i n  the Six  M i l e  Cypress. 

L ike  many o f  the creeks studied, Mullock Creek, i n  i t s  upper 

reaches, i s  a network o f  man-made canals which f low through a number o f  

res iden t ia l  developments around US 41. Downstream o f  US 41 the creek 

receives runo f f  from a number o f  t r a i l e r  parks and from some low densi ty 

res iden t ia l  development before enter ing an area o f  dense mangrove 

vegetation. Approximately one mi le  from i t s  mouth on Estero Bay the 

creek i s  jo ined by the Ten M i l e  Canal. 

Sample s ta t i on  locat ions are shown on the  map i n  Figure 33 

S ta t ion  1 was located a t  the  mouth of the creek; 2 was located where the  

Ten M i l e  Canal empties i n t o  the creek; 3 was located j u s t  west o f  US 41 

where the  creek becomes unnavigable. 

The shapes o f  the polygonal graphs fo r  Mullock Creek indicate. 

t h a t  the general nature o f  the water q u a l i t y  i n  i t s  upper reaches, i s  

s i m i l a r  t o  t h a t  of North Creek. Toward the mouth, below the junc t ion  

w i t h  the Ten M i l e  Canal, the water q u a l i t y  changes. The FC/FS r a t i o  and 

the concentration o f  a m n i a  increases, i nd i ca t i ng  possible human con- 



tamination. However, i t  i s  accompanied by an increase i n  dissolved 

oxygen. Since t h i s  segment o f  Mullock Creek i s  mainly undeveloped 

mangrove swamp, the s i t u a t i o n  appears t o  be s im i l a r  t o  t h a t  found on 

Whidden Creek. 

Unusually h igh phosphate l eve l s  occurred a t  s ta t i on  1. There i s  

no apparent explanation f o r  t h i s .  

For a descr ip t ion o f  the Ten Mi le  drainage basin, see the repor t  

t o  the Lee County Board o f  County Comnissioners: Water Manaqement i n  

Lee County. (Johnson Engineering, 1972). 

I n  add i t ion  t o  the references c i t e d  f o r  spec i f i c  creeks, the 

Sarasota County Department o f  Po l l u t i on  Control issues Monthly Reports 

on a i r  and water q u a l i t y  f o r  s ta t ions w i t h i n  the County. These reports 

include water q u a l i t y  informat ion f o r  Whitaker Bayou (Stat ion R549, 553, 

558); Cat f i sh  Creek (Stat ion #638, 639); North Creek (Stat ion 8587); 

South Creek (Stat ion #588, 615); and A l l i g a t o r  Creek (Stat ion #620, 621, 

622, 619). 
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Fig. 33 : Drainage basin map showing sample s t a t i ~ ~ l o c a t i o n s  for 
Mullock Creek. Polygonal graphs are shown for purposes of  com- 
parison. " A "  indicates package treatment plants; A indicates 
collection system treatment plants. 
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determined by the  sum of the physical and chemical forces of the  / G  
environment. Certain gross environmental fac tors  such as  r a in fa l l  and O"UJP" 

temperature del ineate  t he  biome of a habi ta t ,but  w i t h i n  these regional , bf l  / 
l imi ta t ions  there  a r e  a plethora of possible microenvironments (Odum, &!; 
1959). W i t h i n  these microenvironments t he  re la t ionship between an $4 
environment and i ts  inhabitants i s  reciprocal.  This means t h a t  

biological inhabitants help t o  form and shape t h e i r  own environment. 

Vegetation is one of the strongest  biological vectors i n  an 

ecosystem. By a1 te r ing  wind movement, moisture, and so i l  temperature, 

t e r r e s t r i a l  vegetation influences and moderates the  microclimate of 

an area (Odum, 1959). Aquatic and marine vegetation i s  e f fec t ive  i n  

changing the dissolved oxygen, nutr ient  content, and ptl of i t s  environ- 

ment (Wahlquist, 1972). 

There a r e  four categories of vegetation present i n  the  t i da l  

creek ecosystem: 1) t e r r e s t r i a l  vegetation, 2) phytoplankton, 

3) rooted aquatic vascular plants and 4 )  f loa t ing  aquatic vascular 

plants.  Each category has an integral  function i n  the s t ruc ture  of 

t i d a l  creeks. 



A. Vegetaittianaf Communities and S o i l  A s s o c i a t i o n 5  

There i s  g e n e r a l l y  a c lose  assoc ia t i on  between undisturbed 

t e r r e s t r i a l  vegeta t iona l  communities and s o i l  types (Wildermuth, &. - 

gl-. , 1959). Th is  sec t i on  discusses t h i s  r e l a t i o n s h i p  and the  vegeta- 

t i o n a l  communities found on the  two r e l a t i v e l y  undisturbed creeks i n  

ou r  study. 

North Creek: 

An assessment and vegeta t ion  mapping o f  t he  Oaks p roper t y  on 

North Creek west o f  Highway 41  was undertaken by Trop ica l  B i o i n d u s t r i e s  

Development Company i n  A p r i l  o f  1974. Because the  e n t i r e  drainage 

bas in  i s  o f  eco log ica l  importance we extended and augmented t h e  a v a i l a b l e  

vegeta t iona l  i n fo rma t ion  i n  A p r i l  o f  1977. 

Using USGS a e r i a l  photographs and the  Sarasota County - S o i l  

Survey, we ground t r u t h e d  the  drainage bas in  on shore and by canoe. The 

r e s u l t i n g  vegeta t ion  map (Fig. 34 ) del  ineates f i v e  major vegeta t iona l  

comnunities. An excerp t  f rom t h e  S o i l  Survey, w i t h  the  dra inage bas in  

boundary i s  i nc luded  i n  F i g u r e 3 5  t o  complement t h e  vegeta t ion  map. 

Desc r ip t i on  o f  Communities 

1. Oak Hamnock. This comnunity i s  l oca ted  on a c i r c u l a r  mound a t  t h e  

mouth o f  North Creek and on h igher  ground inunediately across the  creek. 

An abrupt  r i s e  i n  e l e v a t i o n  causes a s h i f t  f rom red, wh i te ,  and b lack  

mangroves t o  f reshwater  up1 and species (T rop ica l  B i o i n d u s t r i e s  , 1974). 

Th is  hamnock has a dense canopy o f  cedar and oak as w e l l  as an 

occasional cabbage. palm. 

Species 1 i s t  (Trop ica l  B i o i  ndus t r i es  , 1974) : 

TREES 
Quercus v i r q i n i a n a  - l i v e  oak, 40' (12-30"), abundant. 



TREES (cont. ) - 
Juniperus sil icicola - southern red cedar, 40' (12-15"), common. 

Quercus laurifolia - laurel oak, few 
Sabal palmetto - cabbage palms, 35', common 
Persea borbonia - red bay - 12', few 

Pinus elliottii - slash pine, 55' (IS"), few 

Coccoloba uvifera - sea grape, few, small 
Ximenia americana - hop plum, vine-like 

i 

Psidium guajava - guava, few 
Eugenia axillaxis - white stopper, few, shrub-like 

SHRUBS 

Psychotria undata - wild coffee, common 
Callicarpa americana - beauty berry, few 
Ardisia escal lonioides - marl berry, common 
Chiococca alba - snowberry, few 
Lantana involucrata - lantana, 5 ' ,  locally common 

Quercus pumila - running oak 
Erythrina herbacea - coral bean, few 
Rhus copallina - southern sumac 
Myrsine guianensis - myrsine, few 
Randia aculeata - white indigo berry 
Bumel ia recl inata - milk buckthorn 
Schinus terebinthifolius - Brazilian pepper, few 
Yucca aloifolia - Spanish dagger 

HERBS 

Iva frutescens - marsh elder 
Tillandsia usneoides - Spanish moss 



The associated so i l  type f o r  the Oak Hammock community i s  

Parkwood f ine  sand (Pb). This is  a somewhat poorly drained hammock 

so i l  usually supporting a mixture of oak, maple, and other hardwoods 

w i t h  an undergrowth of cabbage palmetto, shrubs and vines. This so i l  

has moderate t o  la rge  amounts of organic matter and nitrogen b u t  i s  

l imited i n  other essent ia l  plant nutr ients .  Because i t s  sandy 

layers  a r e  rapidly permeable t o  a i r  and water there  i s  very l i t t l e  

runoff and internal drainage i s . a f f ec t ed  by the level of t he  water 

t ab l e  (Wildermuth &. fi., 1959). 

2. Pine Flatwood. The pine flatwoods supports a sparse t o  moderate 

stand of longleaf and s lash pine w i t h  a thick undergrowth of saw 

palmetto, wiregrass, huckleberry, and runner oak. There a r e  only a 

few areas  within the mapped area w i t h  a completely closed pine canopy. 

For the  most par t  the  pines a r e  scat tered and in many cases,  large 

areas a r e  without pines. This i s  par t icu la r ly  t rue  in  the area j u s t  

north o f  the creek and eas t  of Highway 41. 

Species List (Tropical Bioindustries, 1974) 

TREES 
Quercus chapmanii - Chapman's oak 

Q. myrt i fol ia  - scrub oak 

Q. virginiana var. virginiana - l i v e  oak 

Q. virginiana var. geminata - sand l i v e  oak 

P. e l l i o t t i i  var. e l l i o t t i i  - slash pine 

SHRUBS 

Lyonia ferruginea - rusty  lyonia 

L.  lucida - fetterbush 

I lex slabra - gal lberry 
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SHRUBS (cont . ) 
Qaccinium myrs in i tes - blueberry 

V. arboreurn - sparkleberry 

Rhus copal l ina - southern sumac 

Myrica ce r i f e ra  - wax myr t le  

M. Pus i l l a  - dwarf wax myr t le  

Serenoa repens - saw palmetto, dense 

Schinus t e r e b i n t h i f o l  i us  - B raz i l i an  pepper 

VINES - 
Smilax spp. - ca tb r ie r ,  common 

HERBS - 
Pteridium aguilinum - bracken fe rn  

The s o i l $  charac te r i s t i c  o f  the pine flatwoods are I m k a l e e  ( Ia ) ,  

Pomello (Pf), and Leon (Ld, LC) .  These are somewhat poor ly drained s o i l s  

w i th  a shallow layer  o f  sand over an organic pan. This s o i l  associat ion 

occurs extensively on l eve l  s i t e s  throughout the county (Soi l  Survey, 

1959). Lakewood (Lb) and Adamsville (Aa) are two unassociated s o i l s  t h a t  

a lso support p ine flatwoods w i t h i n  the drainage basin. 

3. Scrub Community. This community i s  dominated by a dense t h i c k e t  o f  

scrub oak and wax myr t le  under la in w i th  palmetto and grasses and a 

t h i n  upper canopy o f  la rge  pines. This community dominates where the 

s o i l s  are be t te r  drained and the  hardpan lower than the surrounding 

fl atwood community. It forms a dense understory approximately a hundred 

f e e t  e i t he r  side o f  the creek and gradual ly phases i n t o  the  pine f l a t -  

woods. The species are s im i l a r  t o  the pine flatwoods, bu t  w i t h  a s h i f t  

i n  dominance toward scrub oak and wax myrt le. 

The s o i l  associat ion i s  s im i l a r  t o  the pine flatwoods but  w i t h  a 

not iceable predominance o f  Pomello ( P f )  and Lakewood f i n e  (Lb) so i l s .  



These s o i l s  are  be t t e r  drained than the Immokalee and Leon s o i l s  

and may indicate a s l i g h t  increase i n  slope (2  t o  5 percent) along 

the edge of t he  creek (Wildermuth e t .  a l . ,  1959). 

4. Freshwater Marsh and Slou Community. This community occupies 9 
c i r cu l a r  depressions in  the  pine flatwood area which t e d  t o  c o l l e c t  

rainwater during the wet season. These seasonal ponds f i l l  with water 

during the wet season and remain wetter than surrounding areas the r e s t  

of the year. These holding basins are  considered crucial  t o  the 

shallow aquifer recharge system. 

Species Lis t  (GDC, 1975) 

Spartina bakcri - cordgrass 

Andropogan virginicus - beardgrass 

Cyperus escalentus - sedge 

Rhynchospora inundata - sedge 

Blechum serrulalam - swamp fern 

Rhexia cubensis - meadow beauties 

Mynica cer i fe ra  - wax myrtle 

Cladium jamaicensis - sawgrass 

Rhynchospora t racyi  - beakrush 

Eleocharis cel lulosa - spi kerush 

E. vivipara - spi kerush 

Scirpus americanus - bulrush 

Hypericum aspalathoides - St .  John'w wort 

Eriocaulon decangulare - pipe wort 

Pontederia lanceolata - pickerelweed 

Typha l a t i f o l i a  - cut  t a i l  

Sagi t tara  - arrowhead 





Fig.35 Soil Map o f  the North Creek Drainage Basin (from Wildermuth, 
e3. . , 1959) 





The s o i l  assoc ia t ions  of t h i s  community c o n s i s t  o f  De l ray  (Da), 

Pompano (Pg, Ph) and Plummer (Pd) s o i l s .  These a r e  p o o r l y  t o  ve ry  

p o o r l y  d ra ined s o i l s  w i t h  a  shal low sand phase u n d e r l a i n  w i t h  a l k a l i n e  

m a t e r i a l .  

5. Shore l ine  Communities. This  i s  an assoc ia t i on  o f  t h r e e  vege ta t i ona l  

communities t h a t  occupy t h e  sho re l i ne  o f  North Creek. The uppermost 

s h o r e l i n e  cornmunity i s  dominated by l e a t h e r  ferns. 

This  species occupies t h e  s t e e p  banks o f  t h e  upland p o r t i o n  o f  t h e  creek. 

The s a l t  marsh (Tb) community occupies t h e  wider ,  f l a t t e r  shores 

f rom near the  mouth o f  t h e  creek t o  about one h a l f  m i l e  eas t  o f  Highway 

41. Th is  comrnunity i s  dominated by  b lack  rush (Juncus roemerianus) and 

s a l t  marsh cordgrass (Spar t ina  a l t e r n i f l o r a  and - S .  Patens). 

From the  conf luence o f  Nor th  and C a t f i s h  creek and extending t o  

t h e  bay, the  sho re l i ne  i s  dominated by r e d  (Rhizophora Mangle), b lack  

(Avicennia ggrminans), and w h i t e  mangroves (Laguncular ia  racemosa) . 
Reds u s u a l l y  dominate t h e  seaward s i d e  o f  the  s t rand  w h i l e  b lacks  

dominate t h e  i n l a n d  s ide.  

The s o i l s  associated w i t h  these s h o r e l i n e  communities (Tc) a r e  

n o t  w e l l  def ined,  b u t  a r e  descr ibed as be ing  inundated w i t h  s a l t  water  

and u s u a l l y  con ta in ing  l a r g e  amounts o f  o rgan ic  mat te r .  

Whidden Creek 

Using RED1 a e r i a l  photograph number 63 (1975) and ground t r u t h i n g  

from canoe and foot,  we de l i nea ted  f i v e  major  vege ta t i ona l  c o m u n i t i e s .  

The r e s u l t i n g  vege ta t i on  map i s  presented i n  F i g . 3 6  . The l a c k  o f  an 

ex tens ive  C h a r l o t t e  County s o i l  survey made t h e  s tudy  o f  a s s o c i a t i v e  s o i l  

types impossib le.  



Description of Communities 

1. Pine Flatwood. This community i s  characterized by a thin canopy 

of large s lash and longleaf pine w i t h  a dense understory of :a1.: 

palmettos. The pine flatwoods occupy the elevated portions of t h e  

drainage basin and a re  basical ly  s imilar  to  the North Creek pine- 

flatwood community. 

2.  Mangrove Community. A dense thicket  of predominately red and 

black mangroves occupies the low lying sections of the drainase bzsjn. 

The outer  borders of this community a r e  probably marked b j  t t ic  mean 

high t i d e  l i ne .  

The mangrove community of Whidden Creek w:s not dams:;?d by the 

unusually cold winter of 1977. This may be due t o  the 1atit.tide of the 

proximity t o  the warm waters of Charlotte I-Arbor. 

This community occupies narrow reci ians  be- 

tween the low lying mangrove cornunity and the higher pine flatwoods. 
CY s a l t  f l a t  and s a l t  barren 

ommunities. S a l t  barrens tend t o  be s l i g h t  depressions i n  a sa l t e rn  

and high t i des  have evapcrated forming 

a hypersaline region inhospitable t o  most plant l i f e .  The s a l t  f l a t s  

around these barrens a r e  s l i gh t ly  elevated and therefore  l e s s  subject  

t o  hypersalinity.  S a l t  f l a t s  a r e  normally occupied by a var ie ty  of 

succulents and sedges adapted f o r  this harsh environment. 

Species L i s t  (GDC, 1975) 

Conocarpus erecta  - buttonwood 

Laguncularia racemosa - white mangrove 

Avicennia germinans - black mangrove 

Monanthocloe 1 i t t o r a l  i s  - keygrass 



Species l i s t  (GDC, 1975) (Cont.) 

D i s t i c h l i s  sp i ca ta  - S a l t  grass 

Sporobdus v i r g i n i c u s  - drop seed 

Spar t i na  a l t e r n i f l o r a  - smooth cordgrass 

E leochar is  car ibaeu - sp ike  rush  

E leochar is  at ropurpurea - sp i ke  rush  

E leochar is  c e l l u l o s u  - sp i ke  rush 

Ph i loxerux  ve rm icu la r i s  - beach ca rpe t  

Sesuvium por tu lacas t rum - sea purs lane 

S a l i c o r n i a  v i r g i n i c a  - g lass  w o r t  

B u t i s  mar i t ima - s a l t  wo r t  

A g a l i n i s  mar i t ima - f a l s e  foxg love 

D iod ia  r i g i d a  - b u t t o n  weed 

4.  Oak-Cabbage Palm Hammock. This  hammock occupies a  l ong  curved s h e l l  

mound surrounding Boggess Hole i n  t h e  western s e c t i o n  o f  t h e  drainage 

basin.  It i s  thought  by some t h a t  t h e  mound was formed f rom s h e l l  and 

sand dredged f rom Boggess Hole by t h e  Ind ians  o r  Spanish. Regardless o f  

i t s  o r i g i n ,  t h e  mound forms an e levated r i d g e  b e t t e r  d ra ined than t h e  

surrounding area. The h a m c k  i s  dominated by l i v e ,  l a u r e l ,  and scrub 

oak and l a r g e  cabbage palms. 

5. T rop i ca l  H a m c k .  Th is  h a m c k  occupies t h e  t h i r t y - f o o t  h i g h  

I n d i a n  mound on Mound Key a t  t h e  mouth o f  Whidden Creek. The s o i l  i s  

charac ter ized as an e levated permeable subs t ra te  composed l a r g e l y  o f  

s h e l l  and course sediment. Th is  area supports  an unusual v a r i e t y  o f  

f l o r a  dominated by  l a r g e  gumbo l imbo t rees.  

Species L i s t  1 ' . 

Bursera simaruba - gumbo l imbo 



Species L i s t  (Cont.) 

Ficus aurea - s t r ang le r  t i g  

Opunta s t r i c t a  -cactus  

Yucca a l o i f o l i a  - Spanish bayonet 

Carica papaya - papaya 



B.Chlorophvll a and Phytoplankton 

Phytoplankton (microscopic aquatic plants which depend on the 

movement of waters f o r  t h e i r  own movement) a r e  photosynthetic and a re  

an important primary producers in many aquatic environment. Because 

chlorophyll - a and other  pigments a r e  necessary f o r  photosynthesis, the 

quant i t i es  of these pigments i s  an ind i rec t  measure of plankton pro- 

duction. 

The spectrophotometric method of Strickland and Parsons (1967) 
' 

was used t o  determine chlorophyll a and phaeo-pigments t o  obtain a 

rough idea of the  productivity of phytoplankton in  the t i da l  creeks 

(see appendix B f c r  methods). Table 5 shows the r e su l t s  of the  

chlorophyll a t e s t s  on three s ta t ions  on each creek. 

Table 5: Results of Chlorophyll t e s t s  on ten t i da l  creeks 

Discussion 

The overall  r e su l t s  were surpr is ingly low. The highest values 

were found i n  the  uppermost s t a t i ons  of Bowlees, Whitaker, Catfish,  and 

North and on the middle s t a t i on  of North Creek. No s ign i f i can t  chlorophyll 

mgll i t e r  mg/l i t e r  
Stat ion # 1 2 3 Stat ion # 1 2  3 
Bowl ees 1.068 0 6.622 All igator  Sar 0 2.136 1.922 
Whitaker 1.068 0 4.486 All iga torCh 0 1.068 1.495 
Catfish 0 0 10.736 Coral 0 0 0 
North 0 12.630 17.366 Whidden 0 0 0 
South 0 0 0 Mullock 0 0 0 

a was found a t  the  mouths of any creek though low values were reported - 
f o r  the mouth of Bowlees and Whitaker. Coral, Whidden, and Mullock 

showed no measurable concentration a t  any s ta t ion .  

The ava i l ab i l i t y  of inorganic nitrogen (NO2 and NO3) and ortho- 

phosphates i s  normally the major l imit ing fac tor  i n  the growth of 

. 



Phytoplankton (Mackenthum, 1974). 

Figures 37 and 38 show chlorophyll a plotted against  inorganic - 
nitrogen and ortho-phosphates respectively.  

Fig. 37 Chlorophyll - a vs NO2 + NO3 
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Fig.38 Chlorophyll a vs Ortho-Phosphates 
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dissolved nutrients in waters (Mackenthum, 1972). This may. result in 

high chlorophyll a but almst no dissolved nutrients. The comparatively 
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Dther factors  such as  ava i l ab i l i t y  of sunl ight  and tu rb id i ty  

may be more ic:portant (Ddurn and  Heald, 1975). Odum and Heald (1975) 

a l so  sugcjest t i i a t  the general productivity of phytoplankton i s  ins ig-  

n i f ican t  in  shallow estuar ies  of the southeastern United States .  This 

may account for  the lack of chlorophyll - a i n  Whidden, Coral, and Mullock 

Creek which a r e  simi1:)r to  the d e t r i t u s  based mangrove systems studied 

by Oduin and P~ald. In these systems the primary energy supply i s  

vascular plan: detr i t l i s  ra ther  than phytoplankton (Odum and Heald, 1975). 

I n  concli~sion,  we feel  t h a t  the phytoplankton communities of t i da l  

creeks a r e  in wed of extensive study. The importance of phytoplankton 

i n  t ida l  creek produciivity i s  unresolved and the possible l imit ing 

fac tors  a r e  coi~plex. A thorough study of the  re la t ionship between 

par t icu la te  carbon, par t icu la te  nitrogen, ATP, and chlorophyll - a 

might answer snnlc questions on the r e l a t i ve  importance of phytoplankton 

as  well as de t r i t u s  and bacteria in t ida l  creeks (Kirby-Smith, 1976). 



C. Rooted Aquat ic  Vascular P lan ts  

The vegeta t iona l  map o f  Nor th  Creek ( ~ i ~ ~ ~ ~  - 341, 

shows t h r e e  communities o f  roo ted  aqua t i c  vascu lar  p lan ts ;  1) f reshwater  

pond and slough, 2) s a l t  marsh, and 3) mangrove. The d e t r i t u s  produced 

by these communities i s  probably t h e  t r o p h i c  bas i s  f o r  the  p r o d u c t i v i t y  

o f  a t i d a l  creek (Cumins, 1974; Odum and Heald, 1975). Consequently t h e  

h e a l t h  o f  a t i d a l  creek i s  dependent on t h e  h e a l t h  o f  these t h r e e  
, 
.s i communities. F igu re  39 i l l u s t r a t e s  t h e  r o l e s  and importance o f  these 

communities. 

A l l  t h r e e  communities donate d e t r i t u s  t o  be stored,  t ranspor ted ,  

and processed by t i d a l  creeks. Th is  d e t r i t u s  q u i c k l y  undergoes a 

process o f  l each ing  and m i c r o b i a l  c o l o n i z a t i o n .  It i s  then u t i l i z e d  by  

t h r e e  types o f  d e t r i t u s  feeders; 1)  g r inders ,  2) depos i t  feeders, and 

3) f i l t e r  feeders (Odum and Heald, 1975). These d e t r i t a v o r e s  i n c l u d e  

o n l y  a few species b u t  many i n d i v i d u a l s  i n  a system and comprise an 

impor tan t  t r o p h i c  l i n k  between d e t r i t u s  product ion  and t h e  p roduc t i on  o f  

h i g h e r  consumers (Odum & a., 1972). 

Mangroves have been found t o  remove f rom 10 t o  100% o f  t h e  

d i sso l ved  n i t r o g e n  and phosphorous f rom waters e n t e r i n g  t h e  f o r e s t  

- ( ~ d g o  and Snedaker, 1974). This  a c t i v i t y  i s  a t t r i b u t a b l e  t o  the  redox 

processes o f  t h e  s o i l ,  t h e  a c t i v i t i e s  o f  pe r iphy ton  prop roo ts ,  and 

uptake by ex tens ive  ne ts  o f  f i n e  r o o t s  a t  t h e  surfaco o f  t h e  s o i l  

(Lugo and Snedaker, 1974). The n e t  r e s u l t  o f  t h i s  c y c l i n g  process i s  

t h e  impor t  o f  i no rgan ic  compounds from land  and an expo r t  o f  d e t r i t u s  

t o  the  estuary. 

Rooted aqua t i c  p l a n t s  h e l p  moderate hyd ro log i ca l  extremes, pre-  

ven t i ng  e ros ion  and excessive i n f l o w  o f  d i sso l ved  n u t r i e n t s  due t o  
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stormwater r u n o f f  ( Omernik , 1976 1. Freshwater ponds a c t  as ho ld ing  

basins f o r  t h e  r u n o f f  f rom surrounding uplands. The ecosystems o f  

these ponds have adapted t o  t h e  r a p i d  n u t r i e n t  r e c y c l i n g  brought  on by 

p e r i o d i c  f l o o d i n g  (Kahl, 1964). S a l t  marsh sedges and mangroves a r e  

a l s o  u s e f u l  i n  s t a b i l i z i n g  shore l ines .  

The uniqueness o f  these m ic rohab i ta t s  i s  w e l l  documented. 

The behavior  and l i f e  c y c l e  o f  t h e  Wood S t o r k  (Myster ia  american) i s  

c l o s e l y  t i e d  t o  t h e  seasonal f l u c t u a t i o n s  o f  f r e s h  water  ponds. The 

beg inn ing  o f  t h e  d r y  season and t h e  subsequent increase i n  f i s h  d e n s i t y  

marks t h e  beginning o f  t h e  Wood Stork  breeding season (Kahl, 1964). 

The pneumatophores and t runks  o f  mangroves support species o f  a lgae as 

w e l l  as crustaceans and mul losks. Leaves o f  marsh sedges a c t  as 

sur faces f o r  t h e  attachment o f  b a c t e r i a  and per iphy ton  ( C o r r e l l  e. 
a l . ,  - 1975). 



D. Floating Aquatic Vascular Plants 

Water hyacinth (Elchores crass ipes)  i s  the  most p r o l i f i c  aquatic - 
weed i n  Florida. I t  reproduces vegetat ively,  rapidly invades new s i t e s ,  

and causes rapid changes i n  hab?tn:s (t4orris. 1974). Introduced i n  the 

1800's i t  i s  now found in  such 1drge numbers tha t  i t  often chokes and 

clogs waterways causing flcoding hazards and preventing navigation. 

Studies indicate  t h a t  the biomass of hyacinths will  double i n  volume 

every 12.5 days i n  the presence of abundant nutr ients  and sunl ight  

(Moody, 1973). 

Agricultural and don:estic pol 1  ution has undoubtedly increased 

the phosphorous and nitrogen levels  in Flor ida 's  waters (Moody, 1973), 

but nutr ient  levels  in natural waters a r e  often su f f i c i en t ly  high to  

support hyacinths (Morris, unpublished) . Wahlquist (1972) reports t h a t  

phosphorous, which i s  natbrall  y  abundant in the waters of southwest 

Florida,  i s  the l imit ing fac tor  i n  the growth of hyacinths. 

Dense growths of water hyacinth a r e  found i n  the upland sections 

of Bowlees, Al l igator  (Sarasota) and Alligator (Charlotte)  Greeks. 

These creek sections have been straightened and dredged and a r e  subject  

t o  agr icul tural  and suburban runoff. 

Water hyacinths have been shown t o  e f fec t ive ly  remove nitrogen 

and phosphorous from nutr ient  enriched waters and contr ibute  posi t ively 

t o  overall  water qua l i ty  (Moody, 1973, Wahlquist, 1972). A t  the  same 

time they displace native species of aquatic plants and the associated 

animal l i f e  as  well as impairing stream flow. Lincer (1975) concluded 

tha t  hyacinth were contributing t o  the eutrophication of Dona and 

Roberts Bay. 



The problem of managing water hyacinths so tha t  they a r e  

allowed to  improve water qual i ty  b u t  are  prevented from choking 

waterways and displacing desirable species of plants and animals i s  

a d i f f i c u l t  one. Three techniques a r e  presently employed f o r  con- 

t ro l  1 ing hyacinths; 1) drawdowns, 2 )  herbicides, and 3) mechanical 

harvesting. Drawdowns involve the diver t ing-or  damning of waters t o  

dry up troublesome areas.  This technique would be d i f f i c u l t  t o  employ 

in  t i da l  creeks and would s t i l l  lead t o  eutrophication. Herbicides 

a r e  presently very popular, but the mass deaths and sinking of sprayed 

hyacinths may overload already nut r i f ied  waters. The la rge  amounts of 

decaying vegetation may also lead to  depletion of dissolved oxygen and 

r e su l t  i n  f i sh  k i l l s  (Moody, 1973). Mechanical harvesting o f f e r s  the  

grea tes t  degree of s e l ec t iv i ty  and f l e x i b i l i t y .  With t h i s  method the 

hyacinths may e i the r  be collected and removed from the water o r  i t  may 

be crushed and returned t o  the water. Most importantly, some hyacinths 

may be l e f t  to  a c t  a s  biological f i l t e r s .  This method was employed, with 

no apparent s ide  e f f ec t s ,  on the S t .  Johns River unt i l  the  mid 1950's 

when herbicides were introduced (Moody, 1973). 
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Visual Quality of the Tidal Creeks of Southwest Florida 

"The visual environment i s  seen not as  a passive 
backdrop t o  human a c t i v i t y ,  but as  a s tage on which 
people move. Visual qual i ty  r e l a t e s  primarily t o  
human appreciative perception. Ecological thinking, 
as  vision across boundaries, encourages viewers of 
the  coastal zone t o  experience interconnections 
w i t h  a geological, biological and personal past ."  

Introduction 
R Q  c; 

The National Environmental Protection Act of 1972 and the Coastal 

Zone Management Act of 1972 specify t ha t  visual values i n  the  environment 

be given f u l l  consideration, and t h a t  standard methods be developed t o  

f a c i l i t a t e  evaluations of the visual qual i ty  i n  the environment. 

Accordingly, planning agencies, consulting firms and research i n s t i t u t e s  

a r e  beginning t o  consider visual qual i ty  as an integral  par t  of the  over- 

a l l  planning process. I t  is apparent to  these groups t h a t  the visual 

qual i ty  of t he  in te r face  between natural and man-made systems i s  of ten a 

r e l i ab l e  yardstick f o r  overall  environmental qual i ty .  

As of today, visual qual i ty  research i s  not well developed. 

While t e s t i ng  and experimentation have yielded r e su l t s ,  1 i t t l e  practical  

application of these r e su l t s  has ensued. Almost everyone agrees t h a t  

visual qua l i ty  of the  environment is an important aspect t o  be included 

i n  the  planning process. Yet t h i s  aspect is s t i l l  not accepted on a 

par w i t h  social ,  economic or biological concerns. 

While a strong case can be made for  the  intimate connection be- 

tween visual qua l i ty  and the environment, what exactly i s  meant by 

visual quali ty? The number of def ini t ions  a r e  endless, not only do 

visual landscapes change w i t h  the  coming and going of human a c t i v i t y ,  

but human in te rpre ta t ions  of visual qual i ty  vary according t o  changing 

conceptual frameworks and evolving cul tural  influences. The discussion 
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and debates surrounding t h e  fo rmu la t i on  and de f i n i ' t i on  o f  v i s u a l  

q u a l i t y  centers  around t h e  e x t e n t  t o  which i t  - can be de f i ned  i n  t h e  

f i r s t  place. Where do ou r  responses t o  t h e  v i s u a l  environment f a l l  

i n  r e l a t i o n  t o  personal,  s u b j e c t i v e  values, on t h e  one hand, and 

o b j e c t i v e  p r i n c i p l e s  on t h e  o the r?  U n t i l  we can i d e n t i f y  these human 

values, we cannot beg in  t o  d e f i n e  v i s u a l  q u a l i t y  i n  t h e  environment, 

l e t  a lone take  t h e  necessary steps t o  preserve and p r o t e c t  i t .  

' # . '  I - I n  o rde r  t o  d iscuss v i s u a l  q u a l i t y  f u r t h e r ,  we must i n t roduce  
, '  

aes the t i cs ,  t h e  branch o f  phi losophy concerned w i t h  t h a t  which i s  

b e a u t i f u l  i n  a r t  and nature. Percept ions o f  v i s u a l  q u a l i t y  a r e  i n -  

t i m a t e l y  connected w i t h  a e s t h e t i c  judgements. Yet, t h e  na ture  o f  t h e  

r e l a t i o n s h i p  i s  ambiguous. It i s  n o t  c l e a r  where a e s t h e t i c  judgements 

f a l l  i n  r e l a t i o n  t o  h i g h l y  personal ized concept ions o f  beauty, on t h e  

one hand, and un i ve rsa l  p r i n c i p l e s  on t h e  o the r .  Fo r tuna te l y ,  research 

i n  t h e  f i e l d  o f  v i s u a l  q u a l i t y  suggests t h a t  a e s t h e t i c  judgements f a l l  

somewhere i n  betwee!. 

i- 

I 
l i t t o n  (1974) c l a s s i f i e d  the  "aes the t i c  experience" i n t o  general 

j components whose i n t e r p l a y  o f t e n  c rea tes  a  complex response o f  observer-  

user  t o  a  p a r t i c u l a r  landscape (Fig. 40 ). Three general components . 
d e f i n e  t h i s  r e l a t i o n s h i p :  t h e  observer 's  s t a t e  o f  mind, t h e  con tex t  o f  

observa t ion  and t h e  environmental s t imu lus .  Since t h e  observer 's  s t a t e  

o f  mind i s  a  f u n c t i o n  o f  t h e  a n t i c i p a t e d  use o f  an area, t h e  a n t i c i p a t e d  

use w i l l  p a r t i a l l y  determine t h e  expectat ions and des i res  brought  t o  a  

s i t u a t i o n .  These expectat ions and des i res  w i l l  p a r t i a l l y  determine t h e  
A 

a e s t h e t i c  experience of t h e  s i t u a t i o n .  The con tex t  o f  observa t ion  i n -  

c ludes t h e  events t h a t  occur  as one approaches t h e  environment and t h e  

events t h a t  occur  upon a r r i v a l  (L i t ton&.  A, 1974). ) The complete 
- --, 



Fig. 40 Model o f  Aesthetic Response ( from L i t t o n  &. a., 1974 ) 
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; analysis of t he  aes the t ic  experinece requires the objective 

appra i ia l  of the environmental stimulus. Litton subdivides environ- 

mental stimuli in to  two classes:  those which a re  visual and those 

which are  sensed by non-visual means. 

The Visual Qual i ty  Research Paradigm 
7 

The visual qua l i ty  o r  landscape aes the t ic  research paradigm 

varies i n  i ts  objectives and methodologies. In general, the research 
k? 

\>*, ' attempts t o  develop a useful def in i t ion  of visual qual i ty  and to  iden t i fy  

the environmental fac tors  affect ing visual quali ty.  The research i n  

this f i e l d  i s  classed into  general categories:  1 )  experimental systems 

designed t o  evaluate peoples' preferences f o r  landscapes, and 2)  experi- 

mental systems designed t o  evaluate landscapes based on landscape 

c l a s s i f i ca t ion  systems. 

i- Landscape Classi f icat ion Systems 

Descriptive landscape c l a s s i f i ca t ion  systems a r e  the most widely 

used. However, there  i s  l i t t l e  standardization of technique and a 

plethora of confusing terms. Land use, presence of water, sca le  of 

landform, presence of man-made objects ,  landscepe composition, form, 

l i n e ,  color and continuity a r e  descr ipt ive terms t h a t  reappear through- 

out the  l i t e r a t u r e  i n  this f i e ld .  One methodology uses subject ive l i s t s  

of adjectives referred t o  as  a semantic d i f f e r en t i a l  (Calvin e t .  a., 
1972; Zube e t .  - a1 2' 1974).  These adject ives ,  descr ipt ive of landscapes, 

a r e  presumed t o  r e l a t e  t o  visual qual i ty .  Other s tudies  u t i l i z e  simple 

landscape element checkl is ts  i n  which subjects weigh and rank landscape 

elements based on well-defined scaling devices (Fraser,  1976; Kobyashi, 

1976). S t i l l  other s tudies  employ simple numerical ra t ing  o r  ranking 

systems (Zube e t .  a l . ,  1974; Morisawa, 1976).  The most sophisticated 



s tudies  use computer models t o  evaluate visual qua l i ty  (S te in i tz  

and Paulson, 1976). The scope, sophis t icat ion,  complexity and degree 

of ob jec t iv i ty  vs. subject ivi ty  of methodologies vary great ly  and 

the terminologies a r e  often contradictory (Viohl , 1975). 

I-' Viohl (1975) proposes three general c tegories under which 
"+' 1 14 

landscape terminologies may be classed he f i r s t ,  "Landscape A 
Elements", includes those physical features  such as topography, land 

L 'i 1'' , use, man-made objects ,  and vegetation. The second category, "Properties 

of Landscape Elements", includes such terms as  sca le ,  (height,  width, 

and depth) and color. The third  category r e f l ec t s  the observed 

dimensional re la t ionships  between elements and properties of land- 

scapes. Examples include "complexity/diversity/variety", "surpr ise/  

mystery", and view charac te r i s t ics  such as  enframement, enclosure, and 

focal point (Viohl, 1975). 
> -  - 

Landscape elements, properties and dimensions form the integral  

components of landscape c l a s s i f i ca t ion  schemes. There a r e  two general 

types of c l a s s i f i ca t ion  schemes: the  qua l i t a t i ve  (purely descr ipt ive)  

schemes as  exemplified by Litton (1968, 1974) and the quant i ta t ive  
\ ,  % 

L P (assigning numbers o r  weighing various landscape components) as 

exemplified by Leopold (1968). While landscape c l a s s i f i ca t ion  schemes 

provide a basis f o r  landscape evaluation, these approaches a r e  weak i n  

determining the re la t ionships  between the ea s i ly  definable and 

measurable landscape elements and properties,  and abs t rac t  landscape 

dimensions. Knowledge and understanding of such re la t ionships  will  

provide a firm basis fo r  determining what cons t i tu tes  scenic o r  visual 

qua l i ty  i n  the environment. 

- Landscape Preference/Perception Studies 

I '  7 
One approach i n  determining the relationships between landscape 
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Fig.41 Landscape Components ( from Viohl, 1975 ) 
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elements and p r o p e r t i e s  t o  landscape dimensions i s  t o  eva lua te  v i s u a l  

q u a l i t y  as a f u n c t i o n  o f  peoples'  preferences f o r  landscapes. I f  one 

assumes t h a t  such preferences r e l a t e  d i r e c t l y  o r  i n d i r e c t l y  t o  scenic 

qual i t y ,  t h e  r e s u l t s  p rov ide  an eva lua t i on  o f  landscape qual i t y  (V ioh l  , 

1975). Based on p r e f e  one landscape &imini~ f A b f  
5 

pos i  t i v d y  c o r r e l a t e d -  f o r  landscapes i s  com- 

p 1 e x i . t ~  o r  d i v e r s i t y .  dscapes w i t h  a d i v e r s i t y  

o r  v a r i e t y  o f  landscape elements and p rope r t i es  such as l and  and water  

forms, p a t t e r n s  o f  l a n d  use, and vege ta t i ona l  p a t t e r n  (Zube, 1973; 

W o l w i l l  , 1968). A second dimension h i g h l y  c o r r e l a t a b l e  w i t h  peoples '  

preferences i s  natura lness;  t h e  preference f o r  n a t u r a l  landscapes over  
L <  

urban landscapes (Wo lw i l l  , 1968; Morisawa, 1976; Zube e& a L ,  1974)& 
I\ 

and.&Ae%.  and use i s  another  dimension' t h a t  c o r r e l a t e s  
f 

J'&d.f 

w i t h  peoples'  preferences o f  landscapes (Hendrix and Fabos, 1974; Zube 

e t .  d., 1974). Other dimensions t h a t  c o r r e l a t e  w i t h  peoples '  preferences - 
i n c l u d e  uniqueness (Leopold, 1969), and presence o f  water  (Zube, 1973; 

L i t t o n ,  1974). 
, 

i While c e r t a i n  landscape dimensions a r e  d i r e c t l y  r e l a t e d  t o  
I 
' peoples'  preferences f o r  landscapes, t h e  r e l a t i o n s h i p s  between landscape 

' dimensions and t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  landscapes a r e  n o t  e n t i r e l y  

A " c l e a r .  The two general approaches t o  t h e  assessment o f  landscape 

, q u a l i t y  - d e s c r i p t i v e  landscape c l a s s i f i c a t i m  s tud ies  and landscape 

: percept ion/preference s tud ies  - o f ten  overlap. Fu r the r  s tud ies  t o  

\determine t h e  r e l a t i o n s h i p s  between d e f i n a b l e  landscape elements and 

b r o p e r t i e s  t o  landscape dimensions a r e  i n  order .  
/ 

The v i s u a l  q u a l i t y  research paradigm has been c r i t i c i z e d  r e -  

- gard ing  t h e  s u b j e c t i v i t y  of experimental  methodologies. C r i t i c s  c l a i m  



t h a t  because o f  i n v e s t i g a t o r  biases i n  e s t a b l i s h i n g  c l a s s i f i c a t o r y  

schemes,and t h e  ambiguous nature  o f  a e s t h e t i c  judgements, v i s u a l  

q u a l i t y  research does n o t  have a  h i g h  degree o f  s c i e n t i f i c  v a l i d i t y  o r  

exp lanatory  power. Whi le these c r i t i c i s m s  may be v a l i d ,  i t  i s  

ques t ionab le  whether o b j e c t i v i t y  o f  method i s  even a p p l i c a b l e  t o  

eva lua t ions  o f  v i s u a l  q u a l i t y .  M i l b r a t h  (1976) s ta tes ,  " Q u a l i t y  i s  

n o t  d e f i n a b l e  i n  terms o f  a  s p e c i f i a b l e  q u a n t i t y  o f  any one o r  several  

phys ica l  e n t i t i e s  t h a t  remain s t a b l e  over  t ime  f rom p lace t o  p lace" .  

Furthermore, i t i s  quest ionab le  whether o b j e c t i v e  measures can, o r  

even should be used t o  measure v i s u a l  q u a l i t y .  One cannot v a l i d l y  i n f e r  

a  s u b j e c t i v e  a e s t h e t i c  experience o f  v i s u a l  qua1 i t y  from an o b j e c t i v e  

statement o f  c o n d i t i o n  (Mi lb ra th ,  1976). The n o t i o n  t h a t  someday we 

might  have an emp i r i ca l ,  o b j e c t i v e l y  q u a n t i f i a b l e  system o f  va lues f o r  

t h e  measurement o f  v i s u a l  q u a l i t y  c rea tes  ph i l osoph ica l  entrapments. 

For  instance,would i t  n o t  r w i n  t h e  cha rac te r  o f  reg iona l  environments 

i f  o n l y  those areas o f  h i g h  scenic value were preserved? W i l l  one 

o b j e c t i v e  reg iona l  landscape eva lua t i on  method necessa r i l y  app ly  t o  

a l l  reg ions? Also, we cannot assume t h a t  t h e  o b j e c t i v e  method o f  today 

w i l l  app l y  i n  t h e  fu tu re .  Does i t  r e a l l y  ma t te r  whether v i s u a l  q u a l i t y  

eva lua t i ons  a r e  o b j e c t i v e  o r  s u b j e c t i v e  "as l o n g  as t h e  c r i t e r i a  a r e  
' ' 4  &> 

c l e a r ,  l o g i c a l l y  constructed,  and sub jec t  t o  s c r u t i n y "  ( L i t t o n ,  1974). ', 
Generic Nature o f  t h e  Southwest F l o r i d a  T i d a l  Creek Landscapes 

, 
,,;';L /' 

T i d a l  creeks a r e  smal l  e s t u a r i a n  water  bodies w i t h  f r e s h  water  

F 7  ' sources and a r e  charac ter ized by a  f r e s h  water  t o  b rack i sh  t o  s a l t  water  
r- 

g r a d i e n t  f rom headwaters t o  mouth. The creeks a r e  cha rac te r i zed  by 

l i t t l e  topographic v a r i a t i o n  r e s u l t i n g  i n  low d i v e r s i t y  o f  landform 

and scale.  Since t h e  s tud ies  of  Halverson, Burns and Randel l  (1969) show 

t h a t  p e o p l e  p r e f e r  l a n d s c a p e s  w i t h  a v a r i e t y  o f  landform and landform 



sca le ,  any attempt t o  evaluate t i da l  creek landscapes must consider 

o ther  landscape components. A major visual component of the creeks 

i s  the  in te r face  between land and water. This in te r face  comb;i;etl 

w i t h  shoreline vegetation and i t s  succession from mouth t o  heat i~~at i : rs ,  

plus land use, man-made objects and view cha rac t e r i s t i c s  forn~ the 

general visual cha rac t e r i s t i c s  of the  Southwest Florida Tidal Creel, 

landscapes. For purposes of t h i s  study the  local creek landscapes 

were c l a s s i f i ed  based upon view charac te r i s t i cs  under the  fo l l owi~~c ;  

scheme based on the  work of Lit ton (1968). 

Landscape Class i f icat ion Framework f o r  Tidal Creeks of Southwest F l s r i d a  . . 

1. Feature Landscape: a landscape dominated by the  presence o f  s 

par t icu la r  fea ture  ( e i t he r  natural o r  man-made) in which the  surro~.~!:ings 

a r e  subordinated and the  l i ne s  of visual tension converge on a s ing le  

element o r  group of elements. 

2. Enclosed Panoramic Landscape: a landscape i n  which there  i s  a C o t \ -  

t i n u i t y  of s ides  around a base plane, o r  bowl-like form. Generally, the 

l i ne s  of visual tension f i r s t  draw the  viewer t o  a centra l  area and then 

t o  the  surrounding landscape edges. 

3 .  Open Panoramic Landscape: a landscape emphasizing hor izontal ly  

dominant l i ne s  of visual tension,  l i t t l e  sense of boundary and a strong 

sense of openness. 

4. Shore1 ine Landscape: a landscape emphasizing horizontal 1 y domiiisnt 

lines of visual tension such as the  in te r face  and cont ras t  between land 

and water. 

5. Focal Landscape: a landscape i n  which paral le l  l i ne s  o r  aligned 

objects  appear t o  converge t o  a focal point. 



6. Detail Landscape: a landscape where a small segment of a l a rger  

landscape i s  isolated from the overall pattern.  Generally, de ta i l  

landscapes a r e  "micro-landscapes". 

7 .  Undergrowth Landscapes: a landscape where the arrangement and 

profusion of vegetative understory creates  i r regular  l i ne s  of visual 

tension. 

Methodology f o r  the Evaluation of the  Visual Quality of Southwest 

Florida Tidal Creeks 

I-- 

I 
In attempting to  evaluate the visual qua l i ty  of the selected 

measure of the scenic qual i ty  of the t i da l  creeks of Southwest Florida. 

Media of Presentation: The s tudies  of Zube e t .  al. (1974); and Dunn (1975) l' - - 
and Schaeffer &. al, (1969) concluded t h a t  black and white and color 

I t i d a l  creeks in  Southwest Florida,  our objectives were: 1) provide h;,f 
('2 .,t planners w i t h  a useful tool i n  making environmentally re la ted decisions,  

photographs of landscapes adequately represent actual landscapes. 

\+><,..d : 
. . I  I I !  

! i . ;. . !. 
. !. 

Therefore 35 nun color transparencies were chosen f o r  landscape represen- 

2 )  develop a visual qua l i ty  baseline f o r  a region devoid of such 

9\/. * 
t a t i on .  The color s l i des  & displayed on a l i g h t  t ab l e  o r  

, ,  $2 ?."I fyj information, and 3 )  determine the comparative scenic qua1 i ty  of ten 
t.., 

~ ..' L t i da l  creeks. - Media of Presentation,and Type of response format were two 

primary methodological considerations i n  developing a comparative 

projected on a screen depending on response format. 
L - 

From a w m k & v e  s l i d e  inventory of 40 - 60 s l i des  per creek, 

taken along the length of each of ten t i da l  creeks, a f i na l  inventory of 

90 s l i des  ( 9  s l i des  per creek i n  7 landscape categories)  was developed. 

The select ion of s l i des  was based on the following c r i t e r i a :  1 )  each 

s l i d e  should be representative of a par t icu la r  land use o r  natural con- 
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d i t i on  of a par t i cu la r  creek,  2) each s l i d e  should be representat ive  

of a par t i cu la r  location along the  creek length so t h a t  each s e t  of 9 

s l i de s  included s i t e s  along the  e n t i r e  creek length, from mouth t o  

headwaters, 3)  each s l i d e  should be of good photographic qua l i t y ,  and 

4 )  each s l i d e  should f i t  reasonably well in to  one of the  aforementioned 

landscape categories under the  following scheme fo r  each creek: 

Feature Landscape: 2 s l i d e s ,  one natural <nature and one man-made 

fea ture  ( i f  present .on the  creek) .  

Enclosed Panoramic Landscape: 1 s l i d e  

Open Panoramic Landscape: 1 s l i d e  

Shore1 ine Landscape: 1 s l i d e  

Focal Landscape: 2 s l i d e s  

Detail Landscape: 1 sl ide,  e i t h e r  man-made o r  natural 

Underqrowth Landscape: 1 s l i d e  

Response Formats: Methods of ten employed t o  e s t ab l i sh  preferences f o r  

photographs of landscapes include r a t i ng ,  rank ordering,  semantic 

d i f f e r e n t i a l s ,  and adject ive  l is ts .  A ra t ing  response format (The 

Likert  Interval Scale) and a rank ordering response format ( A  Forced 

Q-sort  procedure) were chosen f o r  t h i s  study. The forced Q-sort pro- 

cedure requires the  subject  t o  s o r t  a number of items in to  a s e t  

number of p i l e s  according t o  a pre-established d i s t r i bu t ion  of items per 

p i l e .  The p i les  take on qua l i t a t i ve  meaning according t o  the  concept 

under consideration and may be quantif ied by assigning an ordinal sca le  

value t o  each p i l e  (Zube e L  a l . ,  1974). Parametric o r  non-parametric - 
s t a t i s t i c a l  analysis  of the  ordinal s ca l e  values across the  e n t i r e  

subject  population can be performed t o  determine the  s ignif icance of 

data .  The second response format chosen was the Likert  Interval  Scale 



which u t i l i z e s  a non-continuous interval sca le  o f ,  f o r  example, 1 to  

10, representing the range of the par t icu la r  concept i n  question. Again, 

parametric o r  non-parametric s t a t i s t i c a l  analysis  can be u t i l i z e d  t o  

determine significance of data. 

Similar i ty  of r e su l t s  of response formats would strengthen 

data based generalizations about the concept i n  question. 

Q-Sort Response Format 

Subjects were asked t o  s o r t  90 s l i des  of typical  creek landscapes 

in to  7 pi les .  The number of s l i des  per p i l e  was proportional t o  the 

d i s t r ibu t ion  of 56 landscape views employed by Zube & a L  (1974) i n  

the following manner: 

P i le  # 1 2 3 4 5 6 7 

# of s l i d e s l p i l e  5 11 18 22 18 11 5 

P i le  iil was assigned highest scenic qua l i ty ,  P i l e  #2: higher 

scenic qual i ty ,  P i le  #3; high scenic qua l i ty ,  P i le  F4: neutral scenic 

qua l i ty ,  Pi le  85: low scenic qual i ty ,  P i le  #6: lower scenic qua l i ty ,  and 

P i l e  #7: lowest scenic qual i ty .  The 90 s l i des  were presented on two l i g h t  

tables  w i t h  45 s l i des  on each table .  The Q-Sort procedure was administered 

t o  20 New College students representing various d i sc ip l ines  of study. 

Likert Interval Scale Response Format 

Subjects were asked t o  r a t e  the same 90 s l i des  from 1 t o  7 on an 

interval  sca le  of perceived scenic qual i ty .  A 1 ra t ing  represented 

highest scenic qua l i ty ,  a 2 ra t ing:  higher scenic qua l i ty ,  a 3 ra t ing:  

high scenic qual i ty ,  a 4 ra t ing:  neutral scenic qua l i ty ,  a 5 ra t ing:  low 

scenic qua l i ty ,  a 6 rating: lower scenic qua l i ty ,  and a 7 ra t ing :  lowest 

scenic qual i ty .  In t h i s  t e s t ,  the 90 s l i des  were presented randomly on 

a l a rge  projection screen and the order was reversed when presented t o  



another subject  group i n  order to  nu l l i fy  the possible e f f ec t s  of 

fa t igue upon overall subject  ra t ings .  Subjects were given approximately 

20 seconds t o  evaluate,  r a t e  and record the scenic qua l i ty  of each 

s l i d e  before the next s l i d e  was presented. The Likert Interval Scale 

Procedure was administered t o  three subject  groups: 18 students of t he  

Humanities and the Environment Course a t  New College of USF, 8 members 

of the Environmental Confederation of Southwest Florida, and 24 members 

of an introductory ecology class  a t  Edison Community College, i n  F t .  

Myers. 

S t a t i s t i c a l  Analysis of Data 

The two response formats; the Forced Q-Sort Procedure and the 

L i  kert  Interval Scale Procedure u t i l i zed  non-continuous interval  scales .  

Note: data obtained from the Q-Sort procedure were given quant i ta t ive  t- 
sca le  values by assigning each p i l e  i t s  ordinal equivalent,  i . e .  s l i des  

placed in Pi le  #3 received an ordinal sca le  value of 3 ,  etc.) The two 

response formats were chosen to  determine ( the  *";$y," com a r a t  ve cenic 

qual i ty  of l the  t i da l  creeks. For reasons of empirical r igor ,  non- 

parametric s t a t i s t i c a l  analyses were performed. First, aSFreidman 

Two-Way Classi f icat ion Test was used t o  s t a t i s t i c a l l y  determine the 

r e l a t i v e  differences uf oL 6 a l l j  ' iPj" scenic quality) of the  t i da l  creeks. In 

order t o  determine of these differences were s t a t i s t i c a l l y  s ign i f ican t ,  

and not due t o  chance, a second s t a t i s t i c a l  procedure was employed; a 

Wilcoxon T-test .  In conjunction, these two non-parametric s t a t i s t i c a l  

t e s t s  were used t o  analyze the data from both the Q-Sort Response Format 

and the  Likert  Interval Scale response format (Appendix F ). 

S t a t i s t i c a l  r e su l t s  a r e  summarized in  Tables s and 7 .  



Table 6 Summation o f  Median Ranks and Overa l l  Scenic Groupings ( Q - s o r t  Tes t  ), 1 
/ 

I " I I R ~  Creek Sub-group 2 Scenic Qua1 i t y  

61.5 South Creek 
63.5 Nor th  Creek 
86.5 C a t f i s h  Creek 
96.0 Mu1 l o c k  Creek 
104.0 A l l i g a t o r  Creek ( Sarasota Co. ) 
111.0 Whidden Creek 
119.5 Coral Creek 
119.5 A l l i g a t o r  Creek ( C h a r l o t t e  Co. ) 
163.0 Whitaker Bayou 
170.0 Bowlees Creek 

High 
High 

Moderate 
Moderate 
Moderate 
Moderate 
Moderate 
Moderate 

Low 
Low 

I I 

I 
Table 7 Summation o f  Median Ranks and Overa l l  Scenic Groupings ( 

1 ZR' Creek Sub-group 2 Scenic Qua1 i ty 

Nor th  Creek 
South Creek 
Whidden Creek 
Mul lock Creek 
C a t f i s h  Creek 
A1 1 i g a t o r  Creek 
Coral Creek. 
A1 l i g a t o r  Creek 
Bowlees Creek 
Whi t a k e r  Bayou 

A 
A 
B* 
B* 
B* 

( Sarasota Co. ) B 
B 

( C h a r l o t t e  Co. ) B 
C 
C 

High 
High 

Mod. High 
Mod. High 
Mod. High 
Moderate 
Moderate 
Moderate 

Low 
Low 

1.xR = sununation o f  median rankings across e n t i r e  s u b j e c t  popu la t i on  
2. Sub-groups represent  s t a t i s t i c a l l y  d i s t i n c t  sroupings based on TR 



Results 

Three major scenic qual i ty  sub-groups were determined f o r  the 

Q-Sort procedure and four major sub-groups were determined f o r  the 

Likert  Interval Scale procedure. However, the fourth sub-group f o r  the 

Likert Interval Scale procedure (B) can be combined w i t h  sub-group B* and 

considered as one major sub-group because t h e i r  significance of difference 

i s  minor. 

Treating sub-groups B and B* as  one major sub-group, the  overall 

composition of a l l  subgroups across both response formats i s  ident ical  

f o r  equivalent sub-groups (Table 6 . 7 ) .  This indicated t h a t  the  Forced 

Q-Sort and the Likert  Interval Scaling procedures yielded comparable 

r e su l t s .  While the  same creeks appear i n  s imilar  s t a t i s t i c a l l y  s i g n i f i -  

cant groups, the within-group ordinal sequence changes (Tables 6,7 ). 

Differences i n  ordinal arrangement may be due t o  the  following: 1) the 

nature of the forced (Q-Sort) vs the unforced (Liker t  Interval Scale) 

d i s t r ibu t ions  impl ic i t  i n  the landscape evaluation response formats, 

2 )  differences i n  subject  sample s i ze ,  3) differences in  medial presen- 

ta t ion  techniques, o r  4 )  i n  a l a rger  sense, possible a t t i t ud ina l  

differences between sample groups. North and South Creeks received the 

highest cumulative scenic value by both procedures and t h e i r  scores a r e  

ref lected i n  a s ign i f ican t ly  higher grouping than the other creeks and 

scenical ly  a r e  the most preferred of the ten creeks. Both North and 

South Creeks a r e  characterized as  upland creeks with r e l a t i ve ly  natural 

stream banks and drainage basins and well developed, diverse shorel ine 

vegetational communities. The two creeks display a d ivers i ty  of 

landscape features  as  created by the vegetational succession from creek 

mouth (a mangrove estuary) t o  the headwaters (upland scrub hammock) and 
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the  topographic var ia t ion along the banks of the upland portions. 

The diversely vegetated, enclosed, canopied landscape character izes  

large portions of drainage basin and t h i s  type of landscape seems to  

be preferred. The next major sub-group, exhibit ing moderate t o  

moderately high scenic qua l i ty ,  consis ts  of Whidden Creek, Kullock 

Creek, Catfish Creek, A1 1 iga tor  Creek (Charlotte County), Al l igator  

Creek (Sarasota County) and Coral Creek. Again, while the r e l a t i ve  

within-sub-group positioning changed depending on response format, the  

sub-group composition was constant. The ecological conditions of the 

creeks i n  t h i s  sub-group vary from p r i s t i ne ,  i n  the case of Whidden 

Creek, t o  highly disturbed, i n  the case of All igator  Creek (Charlotte 

County). Both upland t i da l  creeks and estuar ine t ida l  creeks a r e  

represented i n  t h i s  major sub-group. Whitaker Bayou and Bowlees Creek 

comprise the  lowest scenic qual i ty  sub-group. Both are  characterized 

by heavy man-made development as indicated by the presence of seawalls, 

res ident ia l  development, a golf course, marinas, and a s ca rc i ty  of 

natural vegetational communities. 

The negative e f f e c t  of man-made objects on scenic qua l i ty  i s  

c l ea r ly  dist inguishable i n  the overall ra t ings  of the lowest scenic 

sub-group. Whitaker Bayou and Bowlees Creek have been heavily a l te red  

by man. The lack of a d ivers i ty  of natural vegetation and the presence 

of seawalls, res ident ia l  development, and other man-made objects c l ea r ly  

reduces the perceived scenic qua l i ty  of these two creeks. This f inding 
- 

i s  consistent w i t h  the r e su l t s  of Carls (1976)and Wolwill (1968). 

The functioning landscape elements determining the scenic ra t ings  of the 

moderate scenic sub-group are  not as  c lear .  I t  seems inconsistent t h a t  

two creeks, one natural and one disturbed would receive s imi la r  overall  

scenic ratings.  However, c loser  inspection of the landscape cha rac t e r i s t i c s  
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of two such creeks c l a r i f i e s  t h i s  condition. While Whidden Creek 

i s  the l e a s t  disturbed by man, i t  i s  s t r i c t l y  a mangrove estuary and,  

therefore ,  does not exhibi t  the  visual d ivers i ty  inherent in t he  well- 

defined vegetational succession and var ie ty  of land-water spa t ia l  

re la t ionships  found on North o r  South Creek. All igator  Creek (Charlotte 

County), on the other hand, while characterized by the visual d iver i s ty  

of s a l t  water mouth t o  f resh water headland succession, has been a l te red  

and developed by man. The presence of such man-made features  as sea- 

walls,  res ident ia l  developments, t r a i l e r  parks, bridges, docks, marinas 

and weirs appears t o  have a negative e f f e c t  on perceptions of scenic 

qua1 i t y .  These negative e f f ec t s  nu1 l i f y  the posit ive landscape 

features  such as  vegetational and topographic d ivers i ty  and most 

l i ke ly  mediates the overall  scenic ra t ings  of All igator  Creek (Charlotte 

County). As evidenced by the high scenic ra t ings  of North and South 

Creeks and the low scenic ra t ings  of Bowlees Creek and Whitaker Bayou, 

the r e su l t s  c lear ly  suggest t h a t  people prefer natural landscapes over 

urban-suburban landscapes and as  such i s  consistent w i t h  the findings 

of (Carls,  1976; Zube e t .  a l . ,  1974; Wolwill, 1968). Furthermore, the 

r e su l t s  suggest t h a t  vegetation has a posi t ive  e f f e c t  on perceived 

scenic qual i ty  which again i s  consis tent  w i t h  the findings of (Zube 

et.,  1974). The most scenic t i da l  creek landscapes display a var ie ty  

of vegetational features  such as  well developed, overhanging canopies, 

species d ivers i ty ,  and sca le r  var ia t ions .  The implications of t h i s  re- 

la t ionship i s  important t o  the overall planning and environmental 

management of the t i da l  creeks because vegetation can serve as  a pleasing 

buffer between man-made objects and the natural creek environments. 

In summary, topography and landform along the t i d a l  creeks of 

Southwest Florida a r e  r e l a t i ve ly  constant and probably have l i t t l e  e f f e c t  



on variations of perceived scenic quality. As mentioned before the 

succession of vegetation along the tidal creeks becomes increasingly 

impor tan t  to  scenic quality and in combination w i t h  landscape elements 

such as land use, presence of water and man-made objects, comprises the 

visually important characteristics of tidal creek landscapes. Landscape 

properties such as scale, texture, edge and color, combine visually with 

landscape elements and form dynamic relationships to landscape dimension 

such as complexity/diversity/variety, naturalness and view characteristics. 

Lastly, i t  i s  important to note that  th is  study was designed t o  

comparatively measure the scenic or visual quality of t idal  creeks of 

. Southwest Florida and as such does n o t  conclusively identify the sa l ient  

landscape elements, properties and dimensions nor the relationship of 

these landscape components to peoples' preferences. Li t t le  i s  known 

about these relationships. 

In conclusion, i n  order to f ac i l i t a t e  a more complete understanding 

of the visual quality of these creeks, studies should be ini t iated in 

which specific landscape elements, properties and dimensions are 

measured and compared to peoples' preferences. This study would pro- 

vide insight into the relationships of specific landscape components to 

human values. Such knowledge would provide planners and landscape 

architects with an invaluable tool for measuring the seemingly i n -  

tangible qua1 i t i e s  of the visual environment. Furthermore, th is  knowledge 

would be instrumental i n  preserving, maintaining and creating visually 

exciting and ecologically compatable interfaces between natural and man- 

a1 tered environments. 
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I n i t i a l l y  t h i s  study attempted t o  rank ten t ida l  creeks i n  

Southwest Florida on the basis of water qua l i ty  t e s t s  and aes the t ic  

analysis.  T h i s  type of ranking was not possible because there  appear 

t o  be two basic types of creek ecosystems w i t h i n  t h i s  coastal region. 

Our water qua l i ty  data indicate  t h a t  high qua l i ty  water i n  each of the 

two systems m y  be d i f fe ren t .  

The two basic systems are:  1) t h a t  which has an upland fresh- 

water component and an es tuar ine mouth, and 2 )  t h a t  which lacks a l o t i c  

sect ion and is t o t a l l y  es tuar ine i n  nature. In a natural s t a t e ,  the  

former is characterized by North Creek and the l a t t e r  by Whidden Creek. 

Although a ranking of the  creeks was not possible on the basis of 

water qua l i ty  t e s t s ,  data from our aes the t ic  analysis  indicate t h a t  the  

creeks may be c l a s s i f i ed  into  groups. North and South Creeks, both 

r e l a t i ve ly  undisturbed upland creeks, were consis tent ly  ranked most 

highly; while Bowlees Creek and Whitaker Bayou, again both upland creeks, 

but having the grea tes t  amount of man-made a l t e r a t ion ,  were consis tent ly  

ranked lowest i n  scenic qual i ty .  The two estuar ine creeks (Whidden and 

Coral) ,  both r e l a t i ve ly  undisturbed, had moderate scenic qua l i ty .  People 

seem t o  prefer areas without man-made a l t e r a t ions ,  but w i t h  some visual 

divers i ty .  

In conclusion, t i da l  creeks in Southwest Florida may be divided 

in to  two eco-types and grouped according t o  t h e i r  scenic qua l i ty .  



A. Recommendations for  Management: 

1. The mangrove areas and s a l t  marshes located a t  the mouths of 

the tidal creeks are valuable f i l t e r s  of water from the uplands 

enroute to the coastal waters. They act as a storm buffer, serve 

as a nursery fo r  many species of gamefish, and are the habitat of 

many water fowl. The red mangrove is already protected by law, b u t  

the role which black and white mangroves play, as well as the s a l t  

marsh grasses, i s  yet to be ful ly determined. These areas should be 

preserved wherever possible. 

2. Disturbed shorelines should be revegetated with mangroves and 

marsh grasses. 

3. Dredging, ditching, and channelization should be kept t o  a mini- 

mum i n  order to retard the ra te  a t  which water flows from the uplands, 

enabling the wetlands to eff iciently f i l t e r  the upland water. Where 

ditching does occur i t  should mimic a natural meandering stream channel. 

4. Reestablish natural drainage basins where possible, ut i l izing 

existing freshwater ponds and marshes for storm water retention, there- 

by reducing runoff. 

5. Establish a r t i f i c i a l  catchment basins where natural ponds are  not 

available. 

6. Application of fe r t i l i ze rs  should be carried out during the dry 

season, with a setback of 50 feet  from the creek. 

7. Aquatic weeds, such as water hyacinth, should be managed by 

selective, mechanical harvesting. This would a1 low these plants to  

absorb excess dissolved nutrients and prevent obstruction of the 

waterway. 

8. E x i s t i n g  septic tanks and wastewater retention ponds should be 



periodically checked. Inefficient systems should be replaced. 

9. Exis t ing  saltwaterlfreshwatcr barriers should be repaired and 

maintained i n  order to maintain adequate water levels i n  the upland 

areas and to  prevent further intrusion of saltwater. 

10. Freeflowing wells, whose water i s  high in chlorides and mineral 

s a l t s ,  should be capped. 

11. Specific policies concerned w i t h  visual quality i n  the environ- 

ment should be adopted and implemented a t  the State and local level. 

12. General design guidelines should be adopted that  are more 

sympathetic and compatible with the maintenance of visually pleasing 

environmental settings. These guidelines should be developed by 

various experienced and capable individuals from privatelpublic 

inst i tut ions.  

13. Planning processes should be conducted with reference to the: 

1) Accessibility t o  present and future users of the environment. 

2) A l l  landscapes, regard1 ess of ecological condition having inherent 

aesthetic value. 

3) The inherent visual elements, properties, and dimensions should be 

recognized; and development should be planned to complement these 

landscape components. 

4)  The visual characteristics of the region should be identified. 

5) Planning should recognize the unity of environmental settings. 

Evaluations of segments of continuous environments should not be 

treated as i f  they had no connection to larger continuous en- 

vironment. 

6) Development should reinforce, not break the unity and continuity 

o f  natural drainage systems. 

7 )  The aesthetic qualities of the environment must be considered a t  



the pre-planning stage. 

8)  Visual qua1 i t y  evaluation should incorporate a mu1 t i -  

discipl  inarly approach. 



B. Recommendations for Future Research: 

1. This study shows that  there i s  a discrepancy between EPA 

cr i t e r ia  for water quality and the water quality found i n  the 

natural tidal creeks. A more valuable method of evaluating the 

creeks may be to  establish environmental baselines for use in 

conjunction with a continued monitoring program. 

2. Visual quality research needs to incorporate cost/benefit 

analysis into the visual evaluation. 

3. Behavioral Relationships t o  visual quality should be determined 

by: 

1) Determining 1 andscape elements uni versa1 1 y 1 i ked by people. 

2 )  Determining landscape elements universally disliked. 

3) Determining the correlation between the above mentioned landscape 

factors and overall personal values in relation to the visual 

environment. 

Answers t o  these questions will provide basic operating principles 

fo r  planners. 



C. Recommendation f o r  Preservation: 

The continued monitoring of a baseline t ida l  creek system 

necessitates the immediate preservation of the two undisturbed 

eco-types in  Southwest Florida. North Creek and Whidden Creek a re  

our choices f o r  preservation. These creeks a r e  the l e a s t  disturbed 

of the two t ida l  creek systems described e a r l i e r .  Ideally,  the 

e n t i r e  drainage basin of each creek should be preserved i n  i t s  

natural s t a t e .  

An a l t e rna t ive  t o  f u l l  preservation i s  delineation of a greenbelt .  

This would a c t  as  a biological buffer zone between the t i d a l  creeks 

and upland development. The proposed greenbelt zone f o r  North and 

Whidden Creek is based on vegetational communities (~igs.43.44) 
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Fig. 44: Whidden Creek drainage basin and proposed greenbelt. 
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Appendix A 

L i s t  o f  T i d a l  Creeks w i t h i n  Study Area: 

Manatee County: 

1. Palma Sola 

*2. Bowlees 

Sarasota County: 

*l. Whitaker *9. South 

2. Hog *lo. C a t f i s h  

3. Hudson *11. A l l i g a t o r  

4. Matheny 12. P h i l l i p p i  

5. Ho l iday  13. Shackett  

6. E l l i g r a w  14. Hatchet 

7. Clower 15. Curry 

*8. North 16. Forked 

C h a r l o t t e  County: 

1. Godfrey 11. Whidden Branch 

2. Ainger *12. A l l i g a t o r  

3. Oyster  13. B i g  Mound 

4. Buck 14. Winegourd 

5. Lemon 15. B l i n d  

*6. Coral 16. Bear Branch 

7. C a t f i s h  17. Hog Branch 

*8. Whidden 18. T r o u t  

9. S i s t e r  Pond 19. Lewis 

10. Rock 20. L i t t l e  A l l i g a t o r  



Lee County: - 
1. Yucca Pen 7. Underhill 

2. Hendry 8. Jewfish 

*3. Mullock 9. Shell 

4. Gator Slouth 10. Mud 

5. Big Dead 11. Spring 

6. Sand 



APPENDIX B 



Appendix B 

Methods f o r  Analysis of Water Qual i ty :  

Ni t ra tes ,  n i t r i t e s ,  t o t a l  kjeldahl nitrogen, ammonia, t o t a l  

phosphate, and ortho-phosphate were analyzed by the  Environmental 

Quality Lab of General Development Corporation. 

Dissolved oxygen was determined w i t h  the  Winkler T i t r a t i on  with 

the  Azide Modification (Standard Methods f o r  the  Examination of Water 

and Wastewater, APHA, 1975). BOD samples were incubated in  the  dark 

f o r  f i v e  days a t  20° C ,  and DO determined (APHA, 1975). 

Membrane f i l t r a t i o n  (Standard Methods, APHA, 1975) was used t o  

determine numbers of fecal  streptococcus bacter ia  i n  the  samples. 

Coliform bacter ia  counts, both fecal and t o t a l ,  were obtained using 

Millipore "coli-count" water t e s t e r s .  

Suspended so l id s  were tes ted  f o r  using membrane f i l t r a t i o n  

(0.45 p, 47 mnpembrane f i l t e r s )  w i t h  subsequent drying a t  85' C f o r  

24 hours. 

Color was measured using the Platinum - Cobalt method out l ined 

i n  the  EPA Manual of Methods f o r  the  Analysis of Water and Wastes (1976). 

pH was measured i n  the lab  on a Corning Model #12 Research Grade 

pH meter. 

Sa l i n i t y  was measured according t o  the  hydrometric method des- 

cribed i n  Standard Methods fo r  the  Examination of Water and Wastewater 

(APHA, 1975). When the  hydrometers were compared t o  the  s i l v e r - n i t r a t e  

t i t r a t i o n  (Strickland and Parsons, 1968), the  hydrometric readings 

were found t o  be s l i g h t l y  higher ( 1  - 3O/00). Chlorosity, determined 

by the  Environmental Qual i ty  Lab of General Development Corporation, 

was converted t o  s a l i n i t y  according t o  the  equation (Strickland and 



Parsons, 1968) : 

S (o/oo = 0.030 + 1.8050 c1 (o/oo) 

The s a l i n i t i e s  thus calculated were much lower than those cal-  

culated from hydrometric readings. Results a r e  reported using data 

obtained w i t h  the  hydrometric method. 

Spectrophotometric determination of chlorophyll and phaeo- 

pigments was used t o  obtain a rough idea of the  productivity of 

pytoplankton i n  the t ida l  creeks. The method was obtained from 

Strickland and Parsons (1968) w i t h  two major modifications; 1 )  over- 

night extraction was replaced by employing a Thomas t i s s u e  grinder,  

and 2) chlorophyll 5 and phaeo-pigments were calculated using 

Lorenzen's equations (1967). 

Samples of 500 ml were collected i n  situ and approximately 1 m l  

of suspended MgC03 was added t o  prevent ac id i f ica t ion .  The samples 

were brought back t o  the l ab  and f i l t e r e d  through Gelman 0.4 micron 

glass  f i l t e r s  i n  subdued l ight ing.  The f i l t e r s  were then folded 

twice and placed i n  an A.  H. Thomas t i s sue  grinder and 2 - 3 ml 

of 90% acetone was added. The f i l t e r s  were then ground f o r  approx- 

imately one minute. 

The suspension was transferred t o  a centrifuge tube and rinsed 

with a small amount of 90% acetone so t h a t  the  f ina l  volume measured 

10 m l .  The tubes were then stoppered and centrifuged a t  2000 - 2500 

rpm f o r  2 - 5 minutes, then shaken and recentrifuged a t  1000 - 1500 

rpm f o r  another 2 - 5 minutes. 

The supernatent was decanted in to  spectrophotometer cuvettes 

and the extinction values measured w i t h  a B&L s p e ~ t r o n i c  20 colormeter. 

The sample tubes were blanked against  a ce l l  containing f i l t e r ,  ground 

and centrifuged i n  90% acetone, a t  665 and 750 rpm. Then two drops of 



HC 1  were added t o  t h e  c u v e t t e  and the  e x t i n c t i o n  remeasured a t  

665 rprn t o  e l i m i n a t e  i n t e r f e r e n c e  f rom phaeo-pigments ( S t r i c k l a n d  

and Parsons, 1968). 

The concent ra t ions  o f  c h l o r o p h y l l  were co r rec ted  f o r  t h e  

presence o f  phaeo-pigments as fo l l ows  (Lorenzen, 1967) ; 

Chla (Mg/M3) = 26.7 (6650 - 665,) X V  
V x l  

0 
Where 66!i0 i s  t h e  e x t i n c t i o n  a t  6650 A be fo re  a c i d i f i c a t i o n ,  665, 

i s  t h e  e x t i n c t i o n  a t  66501 a f t e r  a c i d i f i c a t i o n ,  V t h e  volume o f  

acetone i n  ml, V t h e  volume o f  water  f i l t e r e d  ( L i t e r s ) ,  and 1 t h e  
0 

pa th  l e n g t h  o f  c u v e t t e  (cm). E x t i n c t i o n  values a t  7500A was used as 

a  check f o r  t h e  presence o f  f i l t e r  res idue  ( S t r i c k l a n d  and 

Parsons, 1968). 





Appendix C 

Rainfall data f o r  February and Apri l ,  1977 

&& Sarasota Venice - Date Sarasota Venice 

February 1 .25 .34 April 1 . 00 .OO 
2 .oo . 00 2 . 00 . 00 
3 . 00 .oo 3 . 00 .oo 



APPENDIX D 

Results o f  sample run conducted Apr i l  15 - 17. Data not  
y e t  complete. 
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Tab1 e - Water Qua1 ity data for sample run on February 15 - 17. For a discussion o f  these results, 
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Appendix E 

Major Soil Associations of - the Tidal Creeks 

Introduction 

Soil associations a r e  well-dcfined groups of s o i l s  t ha t  occur 

i n  c lose  association.  They inf1ue:lce dgr ic i~ l tura l  types and pract ices ,  

runoff charac te r i s t ics ,  vegetationil  conlmunities, and groundwater. 

Soil associations found w i t h i n  the t ida l  creek drainage basins a r e  

generally poorly drained. Howver a r t i f i c i a l  drainage has e f fec t ive ly  

increased the absorptive capaci t ies  of some s o i l s .  The w i l s  i n  this 

region a re  generally derived from layers  of unconsolidated niarinc 

sands. They a re  not naturally f e r t i l e  o r  productive and a re  usually 

low i n  organic matter w i t h  the exception of those s o i l s  found along 

the immediate stream course. 

Al l igator  Creek (Charlotte C o u a  

1. S a l t  Water Marsh 

This so i l  association i s  described by deep to  shallow very 

poorly drained, mucky organic s o i l s  cha rac t e r i s t i c  of low, wet man- 

grove swamps t h a t  a r e  subject  t o  t ida l  flooding. This association 

is found a t  the  mouth of the  South Branch and along the e n t i r e  North 

Branch. 

2. Bradenton, Wabasso, Felda Associztion 

The association i s  characterized by broad lowlands of s l i g h t l y  

acid t o  a lka l ine ,  poorly drained, sandy, loamy s o i l s  w i t h  an organic, 

stained black pan. These s o i l s  are  found mainly i n  the  central  

portions of the drainage basin. 

3.  Myakka, Immokalee, Pompano Association - 
This association is  characterized by deep, nearly level and gently 



m a t o r  Creek (Sauasota C=) (cont.) 

sandy s o i l s ,  underlain by a lka l ine  and calcaereous mater ia ls .  

These s o i l s  a r e  often present in sloughs and depressions, and 

occur on the irnmediate creek banks from the mouth t o  the  upland 

regions of the  creek. 

3. Adamsville,&denton, Loward, Keri , Parkwood, Sunniland Association 

This association i s  characterized by somewhat poorly drained 

sandy s o i l s ,  shallow over a lka l ine ,  w i t h  clayey material .  These 

s o i l s  a r e  underlain o r  influenced by calcaereous sediments. 

This so i l  association is found i n  one small area just eas t  of U S 

Highway 41 and south of the  creek proper. 

4. Immokalee, Leon, Pomel l o  Associations 

This so i l  association i s  the most widespread i n  the  drainage 

basin and i s  characterized by level t o  nearly leve l ,  poorly drained, 

sandy s o i l s  over an organic hardpan. 

Bowlees Creek 

1. Pomello, Myakka, S t .  Lucie Association 

T h i s  association is characterized by nearly level t o  gently 

sloping, moderately well t o  poorly drained, sandy s o i l s  t h a t  have 

weakly cemented layers interspersed w i t h  excessively drained white, 

sandy s o i l s .  This association i s  found i n  a small area  from north 

of the  mouth through Whitfield Estates t o  the  western edge of the 

Sarasota/Bradenton a i rpo r t .  

2. Immokalee, Myakka, Placid Association 

This association i s  characterized by nearly level t o  gently 

sloping, poorly drained, sandy s o i l s  t h a t  have a weakly cemented 



Bowlees Creek (cont. ) 

layers and very poorly drained deep s o i l s .  These s o i l s  a r e  found 

i n  an area from the a i rpo r t  north to  the golf course and eas t  t o  

U S Highway 301. 

3 .  Wabasso, Bradenton, Myakka Association 

T h i s  association i s  characterized by nearly l eve l ,  poorly 

drained, sandy s o i l s  t ha t  have weakly cemented layers o r  a loany 

subsoil o r  both. I t  i s  found i n  the northeast edge of the 

drainage basin, j u s t  eas t  of U S Highway 301. 

4. Broward, Bradenton, Manatee Association 

The association is  characterized by nearly leve l ,  somewhat poorly 

drained, sandy s o i l ,  underlain by limestone and poorly and very 

poorly drained sandy s o i l s  t h a t  have loamy subsoils.  I t  i s  found 

throughout the northern portion of the  drainage basin. 

Catfish Creek: 

1. Immokalee, Leon, Pomello Association 

T h i s  association is characterized by level t o  nearly l eve l ,  

poorly drained, sandy s o i l s  over organic hardpan. This association 

is widespread throughout the e n t i r e  drainage basin. 

2. Lakewood, St.  Lucie Association 

This so i l  association i s  characterized by excessively drained, 

sandy s o i l  occurring on conspicuous low ridges a few f e e t  higher 

than the surrounding te r ra in .  I t  i s  found as  a small pocket a t  the 

western t i p  of the  drainage basin. 

3. Adamsville, Bradenton, Broward, Keri, Parkwood, Sunniland Association 

The association i s  characterized by somewhat poorly drained sandy 

s o i l s ,  with clayey layers  and i t  i s  underlain o r  influenced by 



C a t f i s h  Creek (cont . )  

calcaereous sediments. It i s  found a long t h e  no r theas te rn  edge 

o f  t h e  dra inage basin. 

Coral Creek 

1. Pomello, S t .  Luc ie,  Paola Assoc ia t ion  

This assoc ia t i on  i s  charac ter ized by  low k n o l l s  and narrow 

r i d g e s  o f  whi te,  sandy s o i l s  o f t e n  associated w i t h  p o o r l y  d ra ined  

gray  s o i l s .  I t  i s  found on t h e  peninsula between t h e  n o r t h  and 

south  branches o f  Coral Creek, and a l s o  a long t h e  western edge o f  

t h e  mouth. 

2. Myakka, Pornello, Basinger Assoc ia t ion  

The a s s o c i a t i o n  i s  cha rac te r i zed  by n e a r l y  l e v e l ,  broad lowlands 

o f  acid-gray, sandy s o i l s  w i t h  a  brown o rgan ic  pan and associated 

w h i t e  sands on low k n o l l s  and ac id,  p o o r l y  d ra ined s o i l s  i n  de- 

pression. Th is  assoc ia t i on  i s  found a long t h e  pe r iphe ry  o f  t h e  

dra inage bas in  f rom Rotunda West t o  t h e  Seaboard Coast Rai l road.  

Mu l lock  Creek 

1. S a l t  Water Marsh Assoc ia t ion  

Th is  s o i l  a s s o c i a t i o n  i s  descr ibed by deep t o  shal low, ve ry  

p o o r l y  drained, mucky, o rgan ic  s o i l s  c h a r a c t e r i s t i c  o f  low wet 

mangrove swamps t h a t  a r e  s u b j e c t  t o  t i d a l  f l o o d i n g .  Th i s  associa-  

t i o n  i s  found i n  t h e  western p o r t i o n  o f  t h e  dra inage basin.  

2. Pornello Assoc ia t i on  

The assoc ia t i on  i s  charac ter ized by  deep, n e a r l y  l e v e l  and 

g e n t l y  s loping,  moderately w e l l  d ra ined  s o i l s ,  sandy th roughout  

w i t h  a  weakly cemented sand l a y e r .  It i s  found i n  t h e  southwest 

p o r t i o n  of t h e  drainage b a s i n  near  U S Highway 41. 



Mu1 lock Creek (cont. ) 

3. Keri-Ft. Drum-Hallandale Association 

This association i s  characterized by deep and shallow, nearly 

leve l ,  poorly drained and somewhat poorly drained s o i l s ,  sandy 

throughout w i t h  a loamy subsoil .  These s o i l s  a r e  cha rac t e r i s t i c  

of broad uplands and a r e  present i n  the north-central portion of 

t he  drainage basin, ea s t  of the ten-mile canal. 

4 .  Immokalee-Myakka-Pompano Association 

The so i l  associat ion i s  characterized by deep, nearly level and 

gently sloping, poorly drained s o i l s ,  sandy throughout, w i t h  and 

without a weakly cemented, sandy subsoil layer.  Often found on 

broad uplands o r  sloughs, this so i l  association i s  found i n  t h e  

northeast  portion of the drainage basin, eas t  of Highway 41. 

North Creek 

1. Immokalee, Leon, Pomello Association 

This association i s  characterized by level t o  nearly leve l ,  

poorly drained sandy s o i l s  over an organic hardpan. This 

association covers nearly the whole drainage basin. 

2.  Adamsville, Bradenton, Broward, Keri, Parkwood, Sunniland Association 

This association is characterized a s  somewhat poorly drained, 

sandy s o i l s  w i t h  clayey materials,  shallow, over a lka l ine  materials 

and underlain of influenced by calcaereous sediments. I t  is found 

i n  one isolated pocket a t  the  southern boundary of the  drainage 

basin. 

South Creek 

1. Inoka lee ,  Leon, Pomello Association 



South Creek (cont . )  

This  assoc ia t i on  i s  charac ter ized by l e v e l  t o  n e a r l y  l e v e l  

p o o r l y  d ra ined s o i l s  under la in  by an organ ic  hardpan. Almost 

t h e  e n t i r e  downstrea~n p o r t i o n  o f  the  dra inagc bas in  conta ins  t h i s  

s o i l  assoc ia t i on .  

2. Lakewood, S t .  Luc ie  Associat ion. 

Th i s  assoc ia t i on  i s  charac ter ized by excess ive ly  drained, 

sandy s o i l s  o c c u r r i n g  on inconspicuous low r i dges  a few f e e t  

above t h e  surrounding t e r r a i n .  It i s  found on t h e  t i p  o f  l a n d  

a t  t h e  southern p o r t i o n  o f  t h e  mouth o f  SouLh Creek. 

3. Adamsvi l le,  Parkwood, Bradenton, Brokvard, tceri, -- Sunniland Assoc ia t ion  

This s o i l  assoc ia t i on  i s  cha rac te r i zed  by somewhat p o o r l y  

drained, sandy s o i l s ,  shal low, over a1 k a l i n e  m a t e r i a l s  w i t h  c layey  

m a t e r i a l s  and u n d e r l a i n  by calcaereous sedir~lents. Th is  s o i l  

a s s o c i a t i o n  dominates t h e  upland (nor thern)  p o r t i o n s  o f  the  dra inage 

basin.  

4. A r z e l l ,  Char lo t te ,  Managee, Felda, Delray, Pompano Assoc ia t ion  - 
This  a s s o c i a t i o n  i s  cha rac te r i zed  by  p o o r l y  d ra ined t o  very  

p o o r l y  d ra ined  s o i l s  u n d e r l a i n  by a1 ka l  i n e  and calcaereous ma te r ia l s .  

I t  i s  found a long w i t h  t h e  Adamsvi l le,  Keri,Parkwood, Bradenton, 

Broward, Sunni land Assoc ia t ion  i n  t h e  upland p o r t i o n s  o f  t h e  

dra inage bas in  i n  sloughs and depressions. 

Whidden Creek 

1. Sa l twa te r  Marsh 

Th is  s o i l  a s s o c i a t i o n  i s  cha rac te r i zed  by deep t o  shal low, 

ve ry  p o o r l y  drained, mucky, o rgan ic  s o i l s ,  c h a r a c t e r i s t i c  o f  low, 

wet mangrove swamps sub jec t  t o  t i d a l  f l o o d i n g .  The e n t i r e  Whidden 



All igator  Creek (Charlotte County) (cont. ) 

sloping poorly drained s o i l s ,  sandy throughout w i t h  and without 

weak1 y cemented, sandy subsoi 1 1 ayers. These s o i l s  a r e  normally 

found on broad uplands and in  sloughs, and a re  present i n  the 

eastern portions of the drainage basin surrounding the North and 

South prongs of the South Branch. 

4. Pomello, S t .  Lucie, Paola Association 

T h i s  association i s  characterized by low knolls and narrow 

ridges of white, sandy s o i l s  and are  of ten found i n  conjunction 

with poorly drained, gray, sandy s o i l s .  This association i s  found 

i n  a small area between the north and south prongs of the  South 

Branch of All igator  Creek. 

5. Adamsville, Pompano, Keri Association 

This so i l  association is characterized by broad lowlands of 

poorly drained s o i l s ,  s l i g h t l y  a lka l ine  o r  acid ,  and associated 

poorly drained s o i l s  commonly found i n  depressions. The periphery 

of the eastern half of the drainage basin contains t h i s  so i l  

associat ion,  as  does a small area j u s t  southeast of the  junction of 

the  South Branch and US Highway 41. 

A1 l i g a t o r  Creek (Sarasota County) 

1. Lakewood-St. Lucie Association 

This association i s  characterized by excessively drained, sandy 

s o i l s  occurring on inconspicuous low ridges. I t  is found on small 

land areas e i t he r  s ide  of the mouth of the All igator  Creek 

drainage basin. 

2. Arzell ,  Charlotte, Manatee, Felda, Delray, Pompano Association 

This association is characterized by poor t o  very poorly drained 



Whidden Creek (cont.  ) 

Creek drainage basin consis ts  of this so i l  association.  

\lhi t a k e r m u  --- - 
1. &ant Soi ls  

These a r e  described as  being s o i l s  a l te red  o r  made by man and 

are  prevalent from the mouth t o  j u s t  north of Myrtle Avenue i n  

the more heavily urbanized sections of the  drainage basin. 

2.  - Adamsville, Bradenton, Parkwood, Broward, Keri, Sunniland Association 

This so i l  association i s  characterized by somewhat poorly 

drained s o i l s ,  shallow over a lka l ine  material .  I t  is found along 

a thin  s t r i p  ea s t  of the bayou and running paral le l  t o  the  r a i l -  

road tracks.  

3. Arzell , Charlotte,  Manatee, Felda, Delray, Pompano Association 

This association i s  characterized by poorly t o  very poorly 

drained s o i l s  over a lkal ine materials.  I t  is  found along the 

immediate stream banks along most of t he  upstream portions of the 

natural stream bed. 

4. Immokalee, Pomello, Leon Association 

T h i s  association i s  characterized by level t o  nearly leve l ,  

poorly drained, sandy s o i l s  over an  organic hardpan. I t  i s  found 

interspersed throughout the drainage basin and i s  the most comnon 

so i l  association i n  the basin. 
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Appendix F 

S t a t i s t i c a l  Analysis Procedures 

The two response formats, the forced Q-Sort procedure and L i k e r t  

I n te rva l  Scale u t i l i z i n g  non-continuous i n te rva l  scales were chosen t o  

determine a comparative scenic evaluation o f  the t i d a l  creeks. For 

reasons o f  empirical r i go r ,  non-parametric s t a t i s t i c a l  procedures were 

employed f o r  data analysis: F i r s t ,  a Freidman Two-Way C lass i f i ca t i on  

t e s t  was used t o  determine s t a t i s t i c a l l y ,  the r e l a t i v e  di f ferences o f  

overa l l  scenic beauty. I n  order t o  determine i f  these di f ferences 

were s i g n i f i c a n t  and not  due t o  chance, a Wilcoxon T- test  was u t i l i z e d .  

I n  conjunction these two non-parametric tes ts  were used t o  analyze the 

data from both the Q-sort  and the L i k e r t  In te rva l  Scale response 

formats. 

The Freidman Two-Way C lass i f i ca t ion  Test 

1. Determine the median r a t i n g  f o r  each o f  ten, 9 s l i d e  creek sets 

by subject. 

2. Rank the  median ra t ings  f o r  each o f  ten creeks by subject. 

3. Sum the ranks fo r  ind iv idua l  creeks across the e n t i r e  subject  

population. 

4. Test the  n u l l  hypothesis using the Freidmann Equation: 

L 
where: 

a = # o f  creeks 

b = # of subjects 



5. Determine the Chi-square f o r  degrees o f  freedom (a-1) w i t h  

Alpha ( % ) equal t o  .O1 (= the p robab i l i t y  o f  making a type 1 

e r r o r  which i s  the p robab i l i t y  o f  r esu l t s  being due t o  chance). 

6. Compare t h i s  value w i th  F r  value. I f  Fr  i s  greater than the 

Chi-square value the resu l t s  RIJ are not  due t o  chance. 

The Wicoxon T-test: This t e s t  determines whether spec i f i c  groups o f  

creek values ( Z RIJ) are s i g n i f i c a n t l y  d i f f e r e n t .  

1. Determine major sub-groups 'based on 2 R 
IJ  

2. Determine median r a t i n g  f o r  each major sub-group across the e n t i r e  

subject population. 

3 .  Determine di f ferences i n  median ra t ings  between paired sub-groups. 

4. Rank the absolute value o f  the di f ferences between median 

r a t i n g  discounting zeros. 

5. Sign the ranks based on signs as determined i n  Step 4. 

6. Sum the + ranks and the - ranks and take the  smaller as the  Wilcoxon T 

7. Check value of Wilcoxon T f o r  each overa l l  sub-group comp 

based on n = # of differences, discounting zeros, o f  paired sub- 

group comparisons across the e n t i r e  subject  population f o r  G l i . O l .  

If the Wilcoxon T value i s  less  than value determined from the 

Wilcoxon Signed Rank Table, r esu l t s  are s t a t i s t i c a l l y  s i gn i f i can t ,  

i .e. are no t  due t o  chance. 


