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ABSTRACT--The Lake Jackson watershed study was undertaken to quantify changes . 

1 

1, - ; i n  water qua1 i ty  and geochemical exports resul ting from urbanization wi  t h j n  
. . 

1 
I .  ., the 11,900 hectare watershed of a recreational lake i n  north Florida. T h m  ; , . 1- 
c. 

8 .  

I 

.. isubbasins of 430, 61 l ' and 792 hectares i n  size and otherwise siatt l a r  In $1 t ' :'rx -: 
L , b '  . 8 

- ;respects .except land-use were instrumented for  intensive hydro1 og'lc and --. - - ' T  - - --" 
$-:-- , ;.,:, 

'chemical monitoring during a two-year period f ~ b n e  197May 1976). Tw of -. - - . .. ' /. _ T .  
$ ,  

these subbasins offered consihrable contrasl isn majar landuse: (1) ~apftjly.--~::, 
:developing urban, versus (2)' stab1 e forested-agrqcul tupal . The thih rubh~s~i :-; 

'was intermediate between these extremes o f  land u;e. The &heam drajnlng- ' . - - ipY 
I r .- A ?,& 

? .. iWesubba$ns -. were generally i n t e r m i t t e n t w i t h  respect to flkowandthusrsajor' ..! ,:$ 8 .  

?--* . . , ., 
'emphasis was-diaceil. onx terizing Storm events. Yydrologlc reqbrds- fa? .&- ,- -;!-3n 

1. . '  ,@ 
, . .each water sampling station were provided through a cooperat9ve arrangimn$ , - .  =+:!eJ'm 

w i t h  the U.S. Geological Survey. Wdter samples were collected both m i a 1 i y -  - '  

. , 
I I . . .  

,aid by automatic discrete sampl em. , ~onsti  + .. --. tuents - ineaaured ibk-l.lp&x! - s u s p e ~ $ ;  
- en.'&- ' ' >  sol ids ,  dissolved sol ids,  chloride, d$rsotved sllt&i i @ d  d$&s&?&$ ;edt~f&&g&~ .J '+ . 

. (nitrogen and phosphorus). The data obtained in this study ark be'lhg us.&~~~&" : 
7 

. identify and explore the hydr~chemica~l coonsequentxgi' of urbatlllZation on a 
77 . .1.. . ,rn u ~ .  

drainage basin scale. 
i 
i 
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1 Introduction 
. I ; . . 

P :  

I ~ o r e s t e r s ,  water supply hydrologists , agriCul tural  s c i en t i s t s  and kcolor. 1 . .. I 

. g i s t s  have iong recognized the importance of understanding the physical, . ! i 
! 

I 

i 
:chemical and biological functioning of small drainage basins pr ior  t o  develop- . 
8 .  

iing management s t r a t eg ie s  fo r  these basins. In .general, objectives of these j i 
- s t r a t eg ie s  have included the maximization or  optirni za t i  on of a s ingle  character- 

: i s t i c  o r  qual i ty  of a drainage basin, such as water y i e ld ,  marketable timber : 
i '  

jproduction o r  so i l  f e r t i l i t y .  With the increasing public demand fo r ,  and I 

! 

;governmental r e g u l a t i o n o f ,  environmental q u a l i t y i t  i s  no t su rp r i s ing  tha t  j 
! 
; i n  recent years we have begun t o  consider s t r a t eg ie s  f o r  the management of our ' 

idrainage basins which a r e  designed to  simultaneously optimize many qual i  t i e s  i 
! 

of a drainage .basin. . . .  i . ! 
i .  

j Urbanization i s  one process affect ing many qua l i t i e s  of a.drainage basin ] 
, . 

which for tunately has been get t ing comprehensive management. However, t h i s  
. . 

:has occurred slowly and has obviously not been. directed ent i re ly  a t  maximi zing 
. . . 'overall , environmental qua1 i t y .  1 t  has been sa'id by Leopold (1968) tha t  "of I 

. . 
a l l  land use changes affect ing the hydrology of an area,  urbanization i s .  by 
: far  the most forceful ". The statement can cer ta in ly  be safely broadened by - f 

- ireplaci ng the word " hydro1 ogy" with "ecology" . ! 

c . Whereas the e f fec ts '  of most man-generated perturbations of watersheds, 
, 
.;such as  clear-cut t ing,  can be accurately discerned using the experimental 

. . 

watershed approach, the economics and l o g i s t i c s  of applying t h i s  approach t o  
urbanization a re  prohibitive.  We simply cannot afford to,  hydrologically 
' ca l ibra te  adjoining undisturbed basins and then urbanize one of them in order 

, t o  rigorously ident i fy and explore e f fec ts .  On the other hand, i t  i s  some- 
times possible t o  compare pre-urbanization and post-urbanization studies 

t 

'conducted on the same basin. This has been done i n  several cases (e.g., , ' 

Sawyer 1963), a1 though' successful examples of t h i s  approach are  rare  and . 
t 

obviously the r e s u l t  of afterthought.  Another method, involving more uncer- 

, t a in ty  but being highly feas ib le  both economically and log i s t i ca l ly ,  i s  t o  

' ident i fy adjacent basins which are  as s imilar  as possible in a l l  respects 
:except land-use and t o  conduct reasonably short-term comparative studies.  

;The l a t t e r  method has the d i s t i n c t  advantage of providing information over 

'wide ranges of cl'imate and geology without consuming especially large research 

:budgets.' The inherent disadvantage i s ,  of course,. the uncertainty over the .  
. . . . . . . . . . .  . . .  -. . - .............. - . . . . . . . . . . . . . .  -. ..-A 
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'actual comparabil i ty of adjacent  basins even under the  most ideal  condit ions.  
! '  

-.. . Unknown . sub t l e  d i f fe rences  i n  geomorpt~ology, pedology o r  subsurface geology 1 
! 

:could conceivably r e s u l t  i n  data which 'are sub jec t  t o  mis interpreta t ion.  A I 
I 

: fu r ther  problem'associated: w i t h  t h i s  method may be unava i lab i l i ty  of represent- '  
. . ! .  

jing "control"  basins adjacent  t o  some urban areas .  Obviously reducing the  
! '  

minimal -acceptable s i z e  of candidate basins would increase t he  number of can- : 
:didates and thus the  chance of f inding a comparable pa i r  of basins,  but a l s o  1 

wou1.d increase  t he  changes of occurrence of sub t l e  d i f ferences  i n  one basin j 
which could s t rongly  inf luence r e s u l t s .  i 

I 

. j . ' !  I 

. I The Lake Jackson watershed study employed adjacent basins d i f f e r i n g  
! 
! I 
markedly-in land use t o  i d e n t i f y  and explore some e f f e c t s  of urbanization on I 

hydrology and water qual i t y .  The avai 1 ab le  information on meteor01 ogy, 
su r f  i c i a l  and subsurface geology, topography and pedal ogy of each watershed 

,(Hendry and Sproul 1966; Hughes 1967; Bridges e t  a l .  1972) s t rongly suggested 
' 

, t h a t  these  watersheds were near ly  comparable i n  these  respects .  j . .  ! 

The study began as  a documentation of the  e f f e c t s  of land-use changes 
I 

:(mostly urbanizat ion)  on t he  water qual i t y  and primary product ivi ty  of 'a 

! recreat ional  lake i n  north Flor ida .  However, t he  study evolved i n to  an inves - - -  
: t i g a t i o n  of the  hydrology and water q u a l i t y  of several  streams draining i n to  
t h e  l ake  from watersheds con t ras t ing  markedly i n  land use .    his was a very 

. . , na tu r a l  e v o l u t i o n - i n  view of the  in t imate  connection between a lake and i t s  
:watershed and ' represented an in te r fac ing  of aquat ic  and t e r r e s t r i a l  research. 

Lake Jackson, located immediately north of Tallahassee,  Flor ida ,  occupies 
a l a rge  (1960 ha. ) closed depress ion i n  an area of rap id ly  expanding popula- 

. t ion .  The lake has been a valuable a s s e t  t o  the  res iden ts  of ,Leon County, 
:F lor ida ,  providing a convenient recreat ional  area f o r  boating, f i sh ing ,  and 

, b i r d  hunting. In the  pa s t  decade t he  lake has gained national  prominence f o r  
' t h e  l a rge  number of trophy largemouth bass caught by spo r t  fishermen (under- 
,wood 1973). Concurrent with this r i s e  i n  popular i ty  of t he  lake a s  a recrea- 
st ional  resource,  urban land development has increased markedly i n  the  southern 

- p a r t  of i t s  watershed. Spec i f i c a l l y  t h i s  urban expansion has been s t imula ted  

!by construct ion of 'two l a rge  shopping malls ( b u i l t  i n  1968 and 1969), an 

1 ; i n t e r s t a t e  highway l i nk  ( s t a r t e d  i n  1972), and a major highway interchange 

1 .  ' w i t h i n  t he  southern watershed. 



. I_ _____________________ _ _ .. _ __I__^__ - . .- .. -. _ - - - -  ... . .. .. - -- 
. . 

! I -1 The objectives of both the lake and watershed portions of t h e  research 

I . . .  I . ;  

- .  ' V  
i 

. ! 
. :  .are:  . :  

! '"5 j 1 . . .  1. Identify major trends in the response of Lake Jackson to  urban i ' [ 
I .  

I 
I encroachment as  manifested in hydrology, water chemistry, sediment j 
j 
i . fac ies  d is t r ibut ion ,  phytoplankton productivity and f ishery biology. ! 

I .  ! 
i . 2 .  ' Characterize spa t ia l  and temporal differences in selected material , . . 

I i I - f lux  ra tes  from representative t r ibutary  watersheds. I 
! I 

I 
. I 3. Determine r e l a t ive  significance of stormflow and baseflow as trans- 

j 
port agents f o r  selected dissolved and suspended materials in to  j 

i 
! 
j . , ; the lake. . 
i .._._ . . ... 

1 
f f 

4. Develop materiql input budget f o r  Lake Jackson with emphasis on f / .  

. . sed'iments and dissolved nutr ients .  1 .  . 
I 
i . ' (Results of research directed a t  ,the f i r s t  of these objectives have been 

]reported by Harriss and Turner (19.74), Smith (1974), and Schamel e t  a1. (1974). : 

.Results re lated t o  the second and th i rd  objectives a re  given in. Turner. e t  a1 . 
I 

1(1975), i n  Turner and Burton (J975), i n  Burton e t ' a l .  (1976) and elsewhere i n  

t h i s  symposium volume (e..g., Turner e t  a1 . , t h i s  symposium; Burton e t  a1 . , 
,.this symposium). Results re lated to  the fourth objective will  be published .-r 

jin the near future.  . . . . I 
I , 
; : I 

Study. S i t e s  . !  
i . , . . .  
I .  

. :  

! 

! The three watersheds (Fig. 1 ) selected for  intensive hydrochemical study 
a r e  located in the physiographic province known as the Tallahassee Hil ls .  

The t e r r a in  is-  characte.rized as gently ro l l ing  (average slopes 4.5%) with 
topographic re1 ie f  up t o  36 m (120 f t . )  and elevations up to  79 m (260 f t . ,  
s .  1 ) The h i  11 s a r e  compos6d of a heterogeneous mixture of yellow-orange 

:c lays,  s i l t s  ' and sands , (Miccosukee Formation, a Miocene del t a i c  deposit)  tha t  
\? . 2 

: a r e  weakly cemented and characterized by low permeability except in th in ,  

.discontinuous sand lenses (Hendry and Sproul 1966). Soi ls  developed on the ' 

. h i  11 s a re  we1 1 -drained 1 oamy soi 1 s of the Dothan-Orangeburg and Facevi 11 e- 

.Tifton-Greenville Associations and support a lush natural vegetation of mixed 

: hardwoods and pines. ! I 
! 

Rainfall i n  the study area varies  considerably both temporally and 
I 

- ' s p a t i a l l y ,  but averages 146 cm per year. February, March, June and July a re  . , _ . !  

' typical  l y  the wettest  months, with Apri'l , May, October and November typical l y  



. . . .  

~ i g u r e  1 .  Location of study watersheds i n  Florida and i n  r e l a t i onsh ip  
t o  Lake Jackson. 

. . 
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1 

ithe j d r i e s t .  Average annual temperature i s  19.4"C with an average high of 
! 

i27.Z°C in July and an average low of 12°C i n  January  (Hendry and Sproul 1966). . ,  ,-. j I 

I ;Fig. . . 2 i l l u s t r a t e s  a calculated average annual water budget (Thornwaite i 
I 

:method) f o r  the study area.  Potential evapotranspiration i s  105 cm centimeters: 
:per year and t h u s  the water surplus,  o r  runoff, should be about 40 cm annually.' 

:Total r a in fa l l  over the stud.% PC$.. pebiod (July 1973 t o  June 1975) was 250 cm and , . G _ _ i  

, . .was t h u s  about  40 cm be1.0~ tha t  normally expected over two years from the ; 
, 

;long-term annual average r a i n f a l l .  I 
j 

I 
i 

! 
i 

Land-use'distribution in each study watershed during the study period i s  : 

I :given in' Table 1.  The forested-agricul tural  watershed i s  almost en t i r e ly  
'within a s ingle  large pr ivate  e s t a t e  with r e s t r i c t ed  access. Over 50% of 
. t h i s  611 hectare watershed i s  forested,  the remainder being in o l d . f i e l d  and 

I , l i g h t  agricul tural  use (corn and c a t t l e  grazing). Most of the forested por- 

I , t i on  is  located along the stream channel, the farmland being on higher land 
,toward the periphery of the basin. Fig. 3 i l l u s t r a t e s  the spa t ia l  d i s t r ibu-  , 

' t ion  of the forested land within the watershed. ' i j 
I 

Table 1. Distribution of land use i n  the three study , .  . I 

- - - -- - - . - - . - - - watersheds July 1973-June 1975. . . . . --- -- - - i 
. . 
. . 

9 .  

Forested- . . 

Land use Agricultural Suburban Urban 

. Wood1 and 318 h a  (52%) 361 ha (84%) 95 ha (12%) 
Agricul ture  293 ha (48%) 30 ha ( 7%) . 63. ha ( 8%) 
'Residential 0 9 ha ( 2%) 531 ha (67%) 
Commercial 0 0 103 (13%) 

, In t e r s t a t e  Highway 0 30 ha ( 7%) 0 
. . . , 

. j Total : 611 ha . - I . . . .  ..;.:... 430 ha 792 
' . .:,;;. ;;--;vT;, ... 

' .'..,hf.. 1 . ..-. .. .. .::: : l. . .. . , . " ,-, :- 
.>.  ''. 3:- 

. . - , . . . : The urban watershed i s  drained' by p f ~ ~ i n n i s s  Arm Creek and has been under- 
.'. ) .  

going rapid urban development in the past ld6cade. 'This basin i s  now about 
. .  . 

80% i n  urban land use. During our study p\griod, land use in t h i s  792 hectare 
'..f - ). 

basin consisted of low-density single-family housing, several apartment com- 

! plexes, o f f i ce  parks, commercial areas (including two large shopping malls) 

jand two schools. Sanitary-sewer f a c i l i t i e s  exported wastes from t h i s  watershed 

i t o  the watershed of another lake. Thus sewage ef f luents  were never deliber- 
. 1 . . ..,.... - 



I - Potential Evapotranspiration I 
I 

! 
! Month 

. . 
, Figure -2. ~ n n u a l  w a t e r  bcdget for Tal lahassee, Florida, calculat$d I, 

from long-term average monthly rainfall and potential 
evapotranspiration (Thornwai te method). 



0 Rain Gauge , 

Figure 3.  Detailed maps of urban ( t o p  figure) and forested-agricul tura1 . . 1 . . :.. ' l  (bottom figure) watersheds. 
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' a t e l y  a  component o f  streamflow, a1 though we observed occasional  f a i  l u r e s  o f  i 
/ t h e  c o l l e c t i o n  system which a l lowed leakage i n t o  streams. F ig .  3 i l l u s t r a t e s  

.C I 

: i the  s p a t i a l  d i s t r i b u t i o n  o f  roads and major  shopping m a l l s  w i t h i n  the  urban 
i 
iwa t e r s  hed . . . 

1 The suburban watershed i s  somewhat smal le r  (430 ha. ) than e i t h e r  o f  t h e  

:o the r  i two basins and i s  n o t  t r u l y  rep resen ta t i ve  o f  t y p i c a l  suburban l a n d  use. 

 his bas in  i s  most ly  f o r e s t e d  (84%) b u t  has some fea tu res  o f  t y p i c a l  suburban 

ibasins, i .e. ,  r e s i d e n t i a l  . subd iv i s ion  w i t h  s e p t i c  tanks, a  school w i t h  a  

'packbge sewage t rea tment  p l a n t ,  and an i n t e r s t a t e  highway. 
I .  

. I ! I . I  Methods - . .. . i ! '  
; ! . ,  ;Becaus,e - o f  t h e  o f t e n  i n t e r m i : t t e n t  n a t u r e  o f  streamflow i n  t h e  study 
,watersheds, nia j o r  emphasis was p l  aced on sampl i ng stormflow. Automatic. water . , 

! 
:samplers (Sigmamotor Model WM-4-24) were l n s t a l  l e d  a t  s u i  tab1 e  downstream 

i 
! s i t e s  t o  adequately sample r u n o f f  f rom storm'events.  ~ h e s e  samplers were 

I I 
3 .. 

, e i t h e r  a c t i v a t e d  manual ly p r i o r ,  t o  . the s t a r t  o f  a. storm o r  p re -se t  t o  a c t i v a t e  ~ 
a u t o m a t i c a l l y  w i t h  a  r i s e  tn t h e  stream water  l e v e l .  Genera l ly  i t  was pre-  ~ 
. f e r a b l e  t o  a c t i v a t e  t h e  samplers manual ly i n  o rde r  t o  o b t a i n  a  pre-storm 

. - . . . - . . . . - 
sample and t o  ensure proper opera t i on  o f  t h e  sampler. Automatic a c t i v a t i o n  1/ 
'was .used p r i m a r i l y  t o  sample storms'  t h a t  might  otherwise have been missed i f  

:only . . manual a c t i v a t i o n  were used. D isc re te  500 m l  samples were taken over - . 
'storm hydroperiods a t  p re -se t  t ime i n t e r v a l s  (20 o r  30 minutes on t h e  urban, 

40. minutes on t h e  suburban, and 1  hour on t h e  fo res ted -ag r i cu l  t u r a l  watershed), 

t h e  t ime i n t e r v a l s  be ing r e l a t e d  t o  t h e  d u r a t i o n  o f  t h e , s t o r m  peak. The 

sampler no rma l l y  r e q u i r e d  10 t o  12 minutes t o  pump 500 m l ,  thus samples were 
. . . . 

. ' a c t u a l l y  t ime- in tegra ted. .  Storm hydroper iods g e n e r a l l y  encompassed l e s s  than 

. . 
8 hours a t .  t h e  urban watershed and o f t e n  as l ong  as 48 hours a t  t h e  fo res ted-  

' a g r i c u l  t u r a l  watershed. 
! 

T u r b i d i t y .  and c o n d u c t i v i t y  o f  each sample were determined w i t h i n  24 hours 

o f  c o l l e c t i o n .  To reduce t h e  number o f  samples t o  be analyzed, some samples 

were composited on t h e  bas'is o f  these measurements and stream discharge a t  

, the  t ime o f  c o l l e c t i o n .  Samples c o l l e c t e d  a t  peak d ischarge, .dur ing  per iods  

:o f  r a p i d l y  changing d ischarge,  o r  which d i f f e r e d  g r e a t l y  i n  t u r b i d i t y  o r  

Iconduct iv i  ty, were n o t  composi ted. Basef l  ow, o r  low f low,  samples were 
i I 

c o l l e c t e d  weekly o r  more f r e q u e n t l y  and processed w i t h o u t  composi t ing i n  t h e  
i I 
i-. .- L. - . . -. - .. . . - . -- . -- . . . - . -. . . . . . . - . . .. .. . - . I.---.- i 
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:same manner as stormflow samples. A Hach Model 2100A turbidimeter and Barn- ; 
. . .  stead Model PM-70CB conductivity bridge were used f o r  the t ~ ~ r h i d i t y  and . j 

r; 

iconductivi ty  measurements respectively.  
' 1 

i i . . Sample a l i q u o t s . f o r  dissolved const i tuent  analyses were f i l t e r e d  through 
' 

'prewashed 0 . 4 5 ~  Millipore membrane'filters, preserved with HgC12, and r e f r i -  

Igerated a t  4OC. ~ h e s e  samples were analyzed on a Technicon Auto Analyzer I1 ' 

'system using the following Technicon Industrial  Methodologies: 
1 - 

I 

Ammonia-ni trogen (.i ndophenol method) 154-71 W 
! . I  

1 N i  t ra te+ni  t r i t e - n i  trogen (Cd reduction and diazot izat ion)  
I 

: 158-jlw ' I 
I ' N i  t r i  te-ni trogen (diazoti  za t i  on) -- . 
i 161 -71 W i 

Ortho phosphate-phosphorus (molybdate reactive phosphorus, MRP) 155-71W 
. . Dissolved s i  1 icon (molybdate react ive)  186-72W 
d 

j Chloride (."ferric thiocyanate) 99-70W 
. . 

:Total dissolved phosphorus was determined' on f i  1 tered ( 0 . 4 5 ~ )  'sample a1 iquots 
by H2SO44C1O4 digestion followed by analysis f o r  molybdate react ive phos- 

'phorus (Technicon Industrial  Methodology 1.88-72W) : Total phosphorus was ' I 
- :determined on unfi l tered a1 iquots using the same methodology. No interference 

:from HgC1 in the phosphate analyses was observed. Analytical qua1 i ty  control 

'was checked regularly using EPA nut r ien t  reference samples and has been 
jsurrunarized el  sewhere (Harriss and Turner 1974). 
j .. Suspended sol ids (non-f i 1 t rab l  e residue) ,  di ssol ved sol ids  ( f i  1 trabl e I 
residue) ,  and the v o l a t i l e  f rac t ions  of each of these were determined accord- * I 

, ing t o  sections 224-C and 224-E of Standard Methods (American Public Health 
Association 1971). I t  should be noted tha t  'dissolved'  so l ids  as  used i n  . . 

. . 

this study may include some 'suspended' so l ids  as the glass  f i b e r  f i l t e r s  

'used i n  t h i s  determination had a pore s i ze  too large (1-3p) t o  exclude a l l  
' of the small e r  suspended sol ids .  
. . ~easurements of streamflow from the three watersheds were made by per- .. 

. . 

, sonnel of the Water Resources Division, Subdistr ic t  Office, U.S. Geological 

Survey (USGS) , Tal lahassee, Florida, through a cooperative arrangement with 

Florida S ta t e '  University. and the Florida Department of Transportation. Staff 

: gauges and stage height recorders (Fisher-Porter) were ins ta l  led on each 

'.stream i n  June 1973. Stage-discharge rat ing curves were developed from 
! 
' repeated flow measure~nents a t  appropriate stream cross-secti  ons over the 

: e n t i r e  period of study. Changes in channel geometry and/or local base level 
8 - .. . . . - . " .  . .. 
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: a t  a l l  th ree  yauging ' s ta t ions  during t h e  study period necess i ta ted use of 
1 E 

. . i. 
. . f severa l  r a t i n g  curves. Stage height was recorded'on punch tape a t  15-minute 

' . .-', I 
- i i n t e rva l s  a t  a l l  th ree  gauging s t a t i o n s .  These tapes  were processed com- ! 

! 
. i 

ip le te ly  by t he  USGS who ul t imatkly pub1 ished the  data i n  the,  form of mean 
f / 
: d a i l y  discharges (water Resources Data f o r  Flor ida ,  Water 'year 1975, Volume 1 ,  
: ~ o r t h  F lor ida) .  Where reqi.$;.ed ,for water q u a l i t y  data ana lys i s ,  the  o r ig ina l  ' 

'.*.%' 4: 

jl5-minute s tage  data was .retr ieved from the  punch tapes o r  provisional l i s t -  i 
. . !ings provided by the  USGS and converted t o  discharge using t he  appropriate , . 

. . ... . . 
. . ! 

. . ; r a t i n g  curves. The' hydrologic data  a r e  summari'zed i n  a companion paper j I '. 

:(Turner e t  a l . )  i n  this  symposium. --.. . . . . i 
i 

I 
! 

, . Rainfall  amounts were measured a t  12 t o  15 s i t e s ,  generally on an event 

. . I basi's, using p l a s t i c  wedge-shaped ra in  gauges (Tru-Check). Vandal ism a t  many 
!ra.i,n ,gauge s i t esprec ludc id  continuous records a t  a l l  s i t e s  and thus the  num- 

' 

. ! .  . . 

, b e r  of operational  gauges were highly var iable .  In general ,  a t  l e a s t  two 
' , 

;gauges were operat ional  on both . the  fores ted-agr icul  t u r a l  and suburban basin 
a n d a t  l e a s t  ten  on t he  u rbanbas in .  Add i t i dna l i r a in f a l l  data were ava i lab le  

. . . 2 

;'from continuous recording rai'n gauges, one located on the  fores ted-agr icul tura l  
. . 

:.watershed and one on the  urban watershed. . . - - . . . - .- . - - - . -- . . - . . - - --- - 
. . . . 

I ' 
. . 

In order  t o  obta in  estimat@s of the  atmospheric input of several  const i -  

. t u e n t s  t o  the  study watersheds, bulk r a i n f a l l  was co l lec ted  i n t e rmi t t en t l y  
l for chemical analyses a t  two loca t ions  using a 11 cm p l a s t i c  funnel and . 

. ' 2  l i t e r  po.lyethylene bo t t l e .  The, loca t ions  were (1 )  i n  an open area on the  
fores ted-agr icul  tu ra l  watershed, and (2 )  a top a 5-story building located 

ica. 5 km south of t he  urban watershed. The l a t t e r  s i t e  a l s o  featured a Wong 

, c o l l e c t o r  which permitted co l l ec t i on  of wetfa l l  only. Most of the ra in  

:samples were obtained from this  locat ion s ince  bi rds  and ihsec t s  f requent ly  
;contaminated t he  c o l l e c t o r  on the  fo res ted-agr icu l tu ra l  watershed. Atmos- . ' . . 

- .  
' pheric inputs  f o r  t he  studye period were calcula ted by mu1 t ip ly ing  prec ip i ta t ion  . 

.. i (volume)-weighted . . mean concentrat ions by t o t a l  r a i n f a l l  input t o  each water- 

, shed. . . .  
' . .  

I 
j Results reported i n  c~mpanian papers i n  this symposium (Burton e t  a1 . ) 
8 .  

, 
:were based on analyses performed on 1039 streamwater samples (423 from urban ,  

' 

i watershed, 245 from. suburban and 371 from forested-agricul  tu ra l  ) col lec ted 
' i  during the t ~ o - ~ e a r  study . . pe.riod. Included i n  t he  data s e t  a r e  data f o r  

i 34 individual  storm events'  on the  urban watershed, 23 storms on the suburban . . 
L . .  . : :  . . - . . .  . I . - -. -- - -- . --. - . . - -- 

.. . 

a* ?, .b.. 
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I 'watershed and 26 storms on the fores ted-agr icul tura l  watershed. To f a c i l i t a t e ;  , 
I I ..? :determination ! of the  r e l a t i v e  importance.'of stormflow export  of -each const i -  ! 

~ . . , tu.ent, s 1;reamflow and concenti-ati on data were par t i t ioned  i n to  two subsets ,  
8 ' .  1 i :storm (quickflow) data  and non-storm (delayed flow) data.  Detai ls  of t he  t 

~. i I 

method of flow pa r t i t i on ing  a r e  given i n  Turner e t  a l .  ( t h i s  symposium). 
i i 
:Watershed exports  were then calcula ted using di scharge-weighted mean concen- i 
i t r a t i ons  and t o t a l  streamflow f o r  each subset .  I 
! 
i 1 In summary, the  study described here and in  the  companion papers i n  this . . 

!"dl ume compared the  hydro1 ogy, surface  wa te r  qua1 i t y  and material  export  i 
i 

. . : .  c h a r a c t e r i s t i c s  of t h r ee  adjacent  small (< I0  km2) watersheds in  north Florida , . . 
! 

whicd were reasonably s imi l a r  i n  a l l  r espec t s  except land use. The study . . . .  : 

: 
- I!repr'&sented .an economical l y  and l!ogi-s t i c a l  l y  feasi.bl e .approach t o  improving .' 

. I 

. Lour :understanding of someof  t h e  hydrochemical consequences of urbanization 
. ! ,on a small drainage basin s ca l e .  1 

! 
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