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This study's objective was to determine t h e  water quality t r e n d s  
in Ashippun Lake,  dating back t o  prese t t l e rnen t .  A sediment core  
was collected and dated u s i n g  Lead-210 to determine sediment age 
and accumulation r a t e .  Total carbon, organ i c  carbon, organic  
nitrugen, t o t a l  phosphorus ,  t o t a l  i r o n  and manganese were a l s o  
ana lyzed .  Diatom frustules were identified I n  t h e  core. Known 
changes In watershed landuse activities from ear ly  settlement to 
t h e  p resen t  were correlated with changes in sedimentation rates, 
sediment chemistry and changes i n  water q u a l i t y  i n f e r r e d  from 
changes in t he  diatom corrmunity composition. 

Ashippun Lake  is located in northwestern Waukesha Ccun ty ,  in 
scu theas t - e rn  Niscons in ,  It is a hardwater spring fed lake, which 
drains to the Ashippun R i v e r .  T h e  lake is moderately prnductive 
Imesstrophic!. Ashippun Lake is 8 3  acres ,  3 5  f e e t  deep and t h e  
drainage area  is 3 7 1  acres r e s u l t i n g  in a d i r e c t  drainage a r e s  to 
l a k e  area ratio of  4 . 5  to 1. The 1 9 9 0  land use in t h e  direct 
drhinage area is summarized in t a b l e  1 (SEWRPC, 1990). 

Table 1. 1390 Land use in the d i r e c t  drainage area of   ship pun 
Lake, Waukesha County ,  Wisconsin. 

Land Use Type P e r c e n t  Acres 

Developed 

1 Igriculture/Open 45.4 168.4 

1 Woodlands 2.2 5.2 
I 

ICet lands 12.5 57.5 

water 2 2 . 0  $1.5 

The  water quality of Ashippun Lake was monitored between  1973 an4 
197b' and 1s s u m m a r l z e d  i n  3 repor t  entitled A W ; l t ? r  Q u a l i t y  
Managemen t  P l a n  Fclr Ashippurr Lake (SEWRPC, 1 3 9 2  i . F r i o r  :G this  
pe r iod  the water quality had been monitored o n l y  sporadi <a l l> ,  . 
Vclunceers  on the lake have been ~onitorlng the :.$ater clarity of 
Ashi~?pun Lake since 1990, however there is insufficient 
i n fo r r r~a t i on  to d e t e r m l n ~  l o n g  Kerm t r e n d s  in x a t e r  quality. 



However, t h e  historicaL water quality of Ashippun Lake can be 
determined by using techniques which u s e  known relationships 
between algal communities, sediment/water interactions, dnd the 
rate of sedimentation. An analogy would be counting and measuring 
the width of tree rings for determining the a92 and rate of growth 
of a t ree .  The concentration of nutrients and other chemical 
parameters in t h e  core  provides a clue to the condition of the 
lake at a known period in time. The relative water qua l i t y  was 
decerrnined by examining t h e  a l g a l  remains, specifically diatqms, 
in the c o r e .  Diatoms a r e  algae which have c e l l  walls composed of 
silica which resist degradation. The sedimentation r a t e  is 
determined by t h e  lead-210 activity in t h e  sediment core. Lead- 
2 1 0  is a naturally occur r ing  radionucleid w i t h  a half life of 2 2 . 3  
years. The decay of lead-210 provides a means fcr determining the 
age of sediment and  t h e  rate of sedimentation. 

The following d i s c u s s i c n  describes t h e  methods used to a n a l y z s  t -he  
sediment paraneters as well as what each parameter means in 
regards to interpreting watershed land use a c t i v i t i e s  and water 
qua1 i ty changes.  

F i e l d  Sampling 

A sediment core was collected f rom t h e  deepest p a r t  of t h e  l a k e  
(F~gure l), uith a gravity Torer.  The core  was taken back to the 
l ab  and sectignee into 2 centimeter (cml sections. The sediment 
samples were placed  in labeled preweighed b o t t l e s ,  welghed again 
then dried to a constant weight. T h e  d i f f e r e n c e  in wet and dry 
weight is used  t o  c a l c u l a t e  t h e  porosity of t h e  sediment  iPormula 
A ) .  The samples are t h e n   round to a fin? powder and stored until 
used. 

Formula A 

Porosity = (1-f) i D w  
(1-fj fD*4+  ( f / D s )  

Nhere: D ,  = Hater Density (1.0 g,'cm-') 
D, = Sediment Density (2.45 yicm': 
f = F r a c t i o n  E r y  Weight ! g i r m ' )  

Sedlrnent porosity 1s used to determine the s i z e  of 5 e d i r : e n t i n g  
parrl:les. k high p ~ r o s i t y  value indleates finer or smaller 
grzined material compared '9 low poroslty v a l u e s  whlzh  mean 
c o a r s e r  materizl. Coarser n a t e r i a l  is characteristic of u p i a n d  
~rcsion. Puring perlods ;f ?and disturbance or high ercslon we 
would expect t h e  sediKent poroslty %o decrease. 



Figure 1. Ashippun Lake Map. 



Lead-210 (Aging sediment samples) 

Geochronoiogy with t h e  naturally occurring L e a d - 2 1 0  is based on 
t h e  principle that the i s o t o p e  h a s  been continuously delivered to 
t h e  earth's s u r f a c e  and undergoes continuous radioactive decay  
following incorporation into steadiiy accumulating sediments. The 
activlty of Lead-210 in a s e d i m e n t  sample was used t o  determine 
t h e  age of t h e  sample. Lead-21Q, a weak be ta  emitter with low 
activity and is not readily detected therefore, Polonium-210, is 
actually measured. Polonium-210 is t h e  alpha emitting 
granddaughter of Lead-210, and can be u s e d  to r e p r e s e n t  the actual 
Lead-210 activity in each sample because t h e  two isotopes are 
assumed to be in seqular equilibrium. The daughter is used 
because in an acidic solu~ion it will spontaneously p l a t e  on to a 
copper d i s k ,  which can then be counted on a h i g h  r e s o l u t i o n  alpha 
spectrometry system. A yield moni tor ,  Polonium-208, i s  added to 
each sample so  that the exact acti7,rity of Polonium-210 can be 
determined. The activity of Lead-210 a t  t h e  time of sediment 
sampling is calculated from t he  count ra tes  corrected f o r  counting 
background,  growth and  d e c a y ,  counting efficiency a n d  recovery of 
t h e  yield monitor. 

The sediment accumulation r a t e  is expressed as an accumulation of 
a mass of sediment !gm/cm2/yrj rat,her than as a n  accumulated 
depth. Since l ayers  of sediment will become compacted by t h e  
a d d i t i , ~ n  of new sediment t h e  d e p t h  r a n  not be used to determine 
accumulation rates. Sediment mass is used to dete rmine  
accumulation rates s l n c e  no mat te r  how compacted a layer  becomes 
it's mass will remain. 

The r a t e  of sediment accumulation w i l l  vary depending on the 
sampling location in t h e  l a k e .  The  g r e a t e s t  accumulation rAte 
o c c u r s  a t  t h e  maximum dep th  because  of the lateral movement of  
sediment from s h a l l o w  dep ths  towards t h e  deepest  p a r t  of the l ~ k e  
(sediment  f o c u s i n g )  , 

Total Iron and Tot-a1 Manganese Analysis 

A n a l y s l s  of t h e  Total I r o n ,  and T o t a l  Manganese Ln t h e  sedlment 
-was done using a a c i d  digestion followe3 by a n a l y s i s  w l t h  a Atomic 
Abscrgtion Analyzer. A known quantity of d r i ed  and qround 
sediment was digested using n i t r i c  a c i d  and hydrogen peroxide. 
Following heated digestion t h e  solutl~n is f i l t e r e d ,  and !:rought 
u p  to a knclwn volume, This s ~ l l ~ t i o n  is :hen analyzed for iron and 
manganese. 

The ratio of i r o n  to manganese is used to assess the presence of 
oxygen i n  t h e  hyp~llmnion of a l ake .  In add i - t i on  t h e  ratio of 
ircn to phosphorus can be used to indlcate periods of erosion in 
t h e  watershed. 



Carbon and  Nitrogen Analysis 

Total carbon, o r g a n i c  nitrogen and organic carbon are measured in 
a Carlo Erba Elemental Analyzer 1106. The technique u sed  is flash 
combustion. The samples a r e  h e l d  i n  a lightweight tin c c n t a i n e r  
and dropped at prese t  intervals of t i m e  i n t o  a vertical quartz 
t u b e ,  maintained at 1,030 degrees celsius ( ' C ) ,  th rough  which a 
constant flow of helium is run .  When t h e  samples are introduced, 
the helium stream is temporarily enrithed with pure oxygen. Flash 
combustion takes p lace ,  primed by the oxidation of t h e  container. 
The i n d i v i d u a l  components a r e  then separated and e l u t e d  as Nz, 
CO,, and H,O. They are  measured by a thermal conductivity 
d e t e c t o r ,  whose signal is fed i n t o  an integrator with d i g i t a l  
printout of peak a r e a .  The ins t rument  is calibrated by combustion 
of standards of known elemental composition. A sediment sample of 
known composition is a l s o  inc luded  i n  each  sample run .  The 
inorganic carbon is determined by subtracting the organic carbon 
f r om the t o t a l  carbon in t.he sample. 

The total u a r h a n  accumulation r a t e  is a combination of  organlc sn l j  
inorganic carbon (carbonates) sources. Organic carbon 
accumulation ra tes  a r e  used to i n f e r  overall lake productivity. 
Productive lakes have more algae, and aquatic plants and the 
s e d l m ~ n t  organ ic  ca rbon  is higher. Inorganic sarbon accumulation 
r a t e s  a r e  u s e f u l  i n  determining t h e  overall water qua l i ty  and t h e  
sou rce  of sediment. The accumulation of inorganic carbon 1s 
typically found in hardwater o r  marl l akes  which t e n d  to be l e s s  
productive, 

Total Ph~sphorus 

A known amount of dried, ground s e d i m e n t  i s  d iges ted  with r i i t r i c  
and sulfuric a c i d s ,  Following digestion the s o l u t i o n  is f i l t e r e d ,  
diluted and analyzed with a spectrophotometer. 

T h e  iron to p h ~ s p h o r u s  ratio is usad as a surrogate t o  watershed 
e r o s i o n .  A s  eroslcn in the watershed ln r reases  the  r a t i o  of i r o n  
to phosphorus also tends tg increase. The phosphorus accurnu la t lon  
rate can he used alone as an i n d i c a t o r  of water nutrient levels. 
The  sedlmentiwater ~ n t e x - a c t i o n s  regulating phosphorus  a r e  z f i s ~ p l ~ s  
and can make t h e  Interpretation of t,he proflle difficult. 
Therefore, the phospharus accurnula t lon  r a t e  1s  yenarally used a s  
supportive evldence with o t h e r  sediment parameters. 

A known amount of wet sediment is d i g e s t e d  x i t h  a known amcunt of 
hydrogen peroxide and potssslum dichromate. Following d i g e s t l , , n  
the residue is washed wlth distilled w a t e r  at leasL f o u r  times. .\ 
known arncunr cf glass microspheres 1s added to t he  sample to m p r e  



a c c u r a t e l y  determine diatom concentrations in t h e  sample. A 
portion of t h e  diatorr suspension is d r i e d  on a coverslip and 
samples a r e  mounted in H y r a x .  A minimum o f  100 f r u s t u l e s  were 
identified and counted under oil i m e r s i o n  objectives (1400X). 

All partial valves conra in ing  unia,:.le f e a r l ~ r ~ s  sgch as identifiable 
c e n t r a l  areas, or ends were tabulated. Counts vere  m ~ d e  
continuoxsly a l o n g  randomly selected trar-sects and 311 
identifi2ble fraaments were included in t he  count .  Wken a 
fragment or f r u s t u l e  could  n o t  be identified, ir w a s  recorded as 
ur-known and included in the total coun t .  When valvs ends were 
L - , ~ h u l a t e d ,  t h e  number recorded was d iv ided  by t h e  nurnker of ends a 
ccmplete f r u s t c l e  would possess .  Fruxtules and f r a g m e n t s  were 
counted if t h e y  were completely i n  the f i e l d  o f  v i e w  nr in t h e  
case when on ly  a portion q f  the f r u s t u l e  was visible, when the 
a~propriate characteristic K a s  visible in t he  right half of the 
f i e l d  of view. 

The diatom accumulation r a t e  is used  as a s u r r s g a t e  to lake 
3raductivity. A s  a lake becomes more nutrient rich and productive 
t h e  diatom accumulation rate also Increases.  C h a n q ~ s  in the  - 
diatom community within a core can a l s o  be u s e d  t o  i n d i c a t e  
p e r i o d s  o f  changing water quality. The species also indicate t h e  
r.elati .de water q u a l i t y .  S i n c e  ths r e l a t i 2 n s h i p  between c e r t z i n  
spec ie s  o f  diatoms and general  water q u a l i t y  conditions is known ,  
they  p rcv ide  an excellent to21 t.o determine t h e  h i s t o r i c a l  wzter 
q u 3 l i t : ~  c l~anges  . 

?h+ resul ts  a r e  presented as  ac rumula t ion  r a t e s  rather than 
conzentration f o r  a psrticular geriod of time, x i t h  the exce~tion 
of porosity and c h e m i c a l  ~atios. The accumulation rate is 
z a l e u l a t e d  by multiplying rhe parameter concentration at a 
~arriculdr s e d i m e n t  dep th  ~ d i t h  the corresponding c a l c u l a t e d  
instantaneous sediment accumulation r a t e .  The r a t e  of 
accumula t ion  g i ~ r e s  t h ~  most accurate p i c t u r e  of changing l a k e  
c ~ , r ~ , i i t l o n s .  A n  analogy is d small river flowlng l n t o  Ashlppun 
Lake. The concentration of phosphorus in t h e  water zay  b e  very 
h i g h  but i f  there  i s  l i t t l e  f l o w  i n  t h e  r i v e r  t h e  tatal ~ q u a n t l t y  
reazhing the l a k e  is small, h o w ~ v e r  if t h e  concEntration of 
p h o s p h o r u s  is low but t h e  river is i n  f l o o d  stage t h e n  the  total 
amount o f  phosphorus entering the lake ma!, be very h i g k .  While 
- h  ,.,r - z?ncentration is important t h e  load tc. t h e  l a k e  o r  sed iment  i s  
critical to measure. 

,;pp?ndix 1 g r a p h i r a l l q l  surr lmarizes the sediment core res;;lts and 
A p ~ e n d l x  2 c o n r a i n s  the s e d i x e n ~  c h e m i s t r y  c o n c e n t r a t i c r , ~  for 
f c ~ u r e  reference. Appendix 3 summarizes the sediment ;c?ymul~tion 
r e s u l t s .  T h e  s~dlment -ore r e s u l t s  are t r u r l c d t ~ d  3 t  t k e   earl;^ 
18bO's  s l n c e  the lead-210 sediment dating technique is accura t e  



f o r  the l a s t  1 5 0  years .  p r i o r  to t h e  early 1 8 0 0 ' s  t h e  dates  are 
o n l y  marginally accura te .  

Lead-210 (Sedimentation Rate) 

S i n c e  t h e  1 8 4 0 ' s  the sediment accumulation rate increased steadily 
to a maximum rate of  0 . 0 6 3  gm/cm2/yr in t he  1930's ( F i g u r e  2 ) .  
The rate decreased until t h e  1 9 7 0 ' s  t h e n  inc reased  to t h e  present 
( 1 9 9 5 )  r a t e  of 0 . 0 5 5  gm/cm2/yr. 

Porosity 

Between i800 and t h e  1 8 4 0 ' s  t h e  porosity remained nearly constant 
(Figure 3 ) .  Between the 1840's and 1940 t h e  porosity decreased to 
a minimum of 3 . 8 9 4 4 .  A f t e r  t h e  1 9 4 0 ' s  t h e  porosity increasqd 
a g a i n  to t h e  current ( 1 9 9 5 )  * ~ a l u e  of 0 . 9 5 1 1 .  

Carbon Accumulation Rates 

Between 1300 and 1 8 4 0  t h e r e  was little change in t he  t o t a l  carbon 
deposition r a t e  ( F i g u r e  4 ) .  A f t s r  t h e  1 8 4 0 ' s  t h e  total carbon 
accumulaLion r a t e  increased  substantially until t h e  1860 ' s .  This 
increase was due to an increase in t h e  inorganic carbon 
accumulation rate. Between t h e  1 8 6 1 7 ' s  and t h e  1 9 8 0 ' s  the total 
carbon accilrnulation rate remained fairly constant. Since t h e  
1980's the total carbon accumulation rate substantially increased 
as a r e s u l t  o f  an increase in both organic  and inorganic carbon 
accumulation. 

Total 

Since  the 184g's the phosphcrus accumulation rate s u b s t - a n t l a l l y  
i nc r ea sed  ( F i g u r e  5 ) .  The rate reached a maximum in t h e  1330's, 
t h e n  decreased substantially u n t i l  t h e  1960's. The phosphorus 
accumulation rate i n c r e a s e d  betw?en the 1 9 6 0 ' s  and t h e  1980's and 
decreased slightly d u r i n g  t h e  mcst recent  time. 

S i n ~ e  t.he mid 1 8 0 0 ' s  t h e  i r o n  co phosphorus r a t l o  increase5  t r ~  a 
maximum in t h e  1 9 5 0 ' s  ( F i g u r e  6). The ratio d2creased a f t e r  t h e  
1950's ur: t . i l  the 1990 ' s  vhen it substantially i nc reased .  

Diatoms 

The d l a t ~ a  accumulation r a t e  ; P i g u r ?  71 ~ e a k e d  in t5e early 1900's 



and again in t h e  1920'2. Since the 1920's t h e  accumulation r a t e  
decreased until t h e  1970's when it increased to p r e s e n t  levels 
(1995). 

In t h e  e a r l y  18G01s ( F i g u r e  81 ,  N a v i c u l a  pseidoventralis, 
S t a u r o s i r a  constru2ns, and 5 .  corlstruens var. venter dominated. 
T h e s e  taxa  suddenly decreased around 1 8 3 5  and were replaced by 
C y c l o t e l l a  m i c h i g a n i a n a  and Cyclotella pseudostelligerd and to a 
lesser extent Asterinella formosa, In the e a r l y  1 9 0 0 ' s  
Stephanodiscus m e d i u s  appeard and was relatively abundant until 
t h e  1 9 7 0 ' s .  Cylotella m i c h i g a n i a n a  reappears in t h e  core 
beginning in t h e  1360's. 

Discuss ion  

The following discussion will f i r s t  f o c u s  on t h e  watershed 
a c t i v i t e s  which  wqre t a k i n g  p lace  a t  known periods of time. This 
will t h e n  be re la ted  to t h e  sed imen t  core results to show the 
'impact Land use aztivites had on t h e  warer quality of Ashippun 
Lake. 

I n i t l a 1  settlement of southeastern Wisconsin s t a r t e d  in t h e  1830's 
and cont inued t h r ~ u y h  the 1 8 5 0 ' s .  German farmers settled t h e  area 
and cuitlvated psr+domlnatel. j  wheat and l esse r  amounts of corn, 
oats and  hay. A r ~ u n d  the 1 8 8 0 ' s  wheat farming decllned and 
farmers tu rned  t o  c o r n ,  oa ts ,  hay and began to develop dairy  
herds .  By the 1 9 3 0 ' s  a g r i c u l t u r e  was beginning to grow rapidly, 
and was becoming mechanized. Through the  1980's da i ry  f a r m s  were 
numcrous in southeastern Wlsc2nsin. In t h e  ea r ly  3 9 9 0 ' s  d a i r y  
farming has  declined and cash cropping whizh r e q u i r e  less labor 
b u t  can also r e s u i t  in g r e a t e r  soil loss has i n c r e a s e d .  

From t h e  1940's the 1960's there was a trernendaus increase I n  
the population, esFec ia l ly  a r o u n d  t h e  l a k e s  in the TrJashington, 
Waukesha C o u n t y  a r e a s .  Lake shorelines that were once f a r m ~ d  were 
being s o l d  f o r  seasonai homes. By 1950 t h e  majority of t h e  
shoreline had been develaped with seasonal homes. 

Cont inued  urbanlzatlon of  t h e  watershed c o n t r i b u t e s  increased 
stormwacer inputs to t h e  l akes  and rivers. Stormwater is t h e  
source  of n u t - r i e n t s  and  other pollutants which are conveyed in 
stcrmsewers d i r e c t l y  to t h e  surface waters ra the r  t han  belng 
filtered In vegetated drainage ways .  

The  r e s u l t s  o f  t he  sediment analvsis will be b r ~ k e n  i n t o  time 
perio 
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Presettlement water quality conditions f o r  Ashlppun L a k e  were 
excellent. T h e  lake  experienced a very low sedimentation rat? of 
0.010 gm/cmvyr and had d ia tom taxa indicative of excellent water 
clarity and low nutrl~nt l eve l s .  

The steady increase in t h e  sedimentation r a t e  from the 1840's 
until the peak in the 1 9 3 0 ' s  ( F i g u r e  2 )  corresponds with an 
i nc rease  in the development and agricultural activity within thc 
watershed. The initial settlement and agricultural activity in 
t h e  watershed, decreased t h e  water qua l i t y  of hshippun Lake. This 
is supported by a decrease in particle s i z e  as indicated by 
porosity, an i nc rease  in t o t a l  carbon, diatom aceurnula t ion  rates 
and d i a t o m  species indicative of increasing nutrient levels. 

S i n s e  the 1930's t h e  sedimentaticn r a t e  declined until the 1970's. 
T h i s  decline does not corres~ond t o  an imwrovement in water 
quality. The diatom t axa  duEing t h i s  per iod indicate increasing 
nutrient levels in Ashippun L a k e .  

k r ~  increase in f i u t r i e n t  loading and decreasing sedimentaticn rate 
is possible if nutrients are  r e a c h i n g  the l a k ?  Lhat a r e  nfit  
associated w i t h  sediment. Urban development in the watershed, 
specifically around t h e  perimeter of t he  lake increased 
substantially between 1950 and 1975. This may have increased 
n u t r i e n t  l o a d i n g  from septic systems and iawn care  without the 
associated s e d i m e n t  load. The first urban  development occurred in 
the 1950's on soils which were pco r ly  suited f o r  individual s e p t i c  
systems and probably resulted in increased nutri~nc loading to t h e  
l a k e .  h'hile soil erosion nay have been decreased due to improved 
agricultural and erosion z o n t r o l  p r a c t i c e s ,  f e r t i l i z e r s  may be 
enriching t h e  s o l l ,  so that even though t h e r e  is less sed iment  
e r ~ t e r l n g  the  l a k e  it conrains a g r e a t e r  amouEt of phosphorus. Tt 
is n o t  possible to differentiate between t h e s ~  ~ w o  explanations 
with t h e  e x i s t i n g  inf~rsation. 

1970 - P r e s e n t  

S i n c e  t h e  1970's t h e  increase in ~ e d i m e n t a t i c ~ n  r a t e  is d u e  t o  an 
i n c r e a s e  in the  deposition of  inorganic and o ~ g ~ n i e  carb~n ra ther  
than from external  sou rce s .  Exterfial sediment cources ~ o u l d  have 
resulted in an i n c r e a s e  I n  t h e  ircn to phosphorus r a L l a  and a 
decrease in t h e  s ed ime~ t :  1 :oros i ty .  T h e  lrsn to ~ n o s y ; h a ~ r u s  r a t = ;  
does increase b u t  not untll the mid 199Q's. The sedlinent 2orosity 
~ n c l i c a t e s  e c n t i n u e d  sedlmentatlon of f i n e r  qrzined mat~rsal ~ . ~ h i c h  
also supp~rts t h e  theory t h a t  t h e  sediment is :.st from ex te rna l  
sou rces .  In additlon, the diatom c5mmunlty over t h e  last 22 years  



suggest t h a t  nutrient levels are declining and water clarity is 
actually ~mproving. 

T a b l e  2 .  Summary of watershed activity and sediment core r e s u l t s .  

1 Time Period Watershed Activity 

eresettlement sonditions 

Substantlal increase i n  
agricultural activity 

1950 eastern shore  of lake 
developed { r e s i d e n t i a l )  

1970 - 1975 adZitiona1 urban 
devel~pment in watershed 

Agriculture status quo 

Shoreline agriculture 
activity decreased 

Low d e n s i t y  residential 
development incrsased 

Transltlcn frcm seascndl  to 
year round homes 

Low sedimenratl~n rate 
(0.010 g/cm'/yr) 

Sediment Core R e s u l t s  

D i a t c m  taxa indicat l v e  c f  
excellent water qualiry. 

I 

Steady increase l n  
sedimentat i f in  rate  from 
0.010 g/cm2/yr  to 0 . 0 6 3  
g/cm2yr 

Decrease in sediment 
poros lt-( 

Increase in sediment total 
carbon II 
Increase in d i a t c m  
accumulation rate 

Diatom taxa indicativs of 
increasing n u t r i e n t  levels  

Sedimentatlon rate declines I 
Diatom taxa indicative of 
elevated n u t r i e n t  levels I1 
D i a t c m  accumulation rate 
decreasin~ 

Increase in sedimentati~n rate II 
D i a t o m  taxa ~ n d l c a t i v e  of 
elevated nutrient l e ,~+ l s  

Diatcm accumulatisn r a c e  
increasing 

Conclus ~ s n s  

I r i ~ t l a l  land clearing and agricultural activity in the ;:zr_ershed 
had a s~gnificant adverse impact upon the w a t e r  quality cf 
Ashippun Lake.  Sedlrnentat ion r a t e s ,  sediment chemistry an2 
diatom species  indicate that presettlernent water quality 
cond~tlons of Ashippun Lake xas close to the least rrodxct:ve of 
t h e  l akes  esam~ned. Increased agricultural activity reslllted in 
a steady i n c r e a s e  in sedimertation r a t e s  and nutrient l e ~ - s l c  
until t h e  1930's when t he  s e d i r w n t a t i o n  rate decreased. 



Following the  1 9 3 0 ' s  t h e  n u t r i e n t  loading remained elevated. 
S i n c e  t h e  1 9 7 0 ' s  the total carbon accumulation ra te  has increased 
hcwever the diatom community indicate improved water clarity. 

The management i - m p l i c a t i o n s  of t h i s  work c lear ly  point to t h e  
need to manage nutrient ioading to Ashippun Lakc. The r e su l t s  
show how the lake responded t n  periods of high sediment and 
n u t r i e n t  l oad ing  and provides the evidence to reduce  t h e  
phosphorus load. The existing sediment load appears to be l e s s  
of a problem t h a n  t h e  phosphorus load at the present time. 
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Figure 2. 1995 Upper Rock River Basin Assessment 
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Carbon Accumulation Rate 
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Figure 4. 1995 Upper Rock River Basin Assessment 



Phosphorus Accumulation Rate 
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Figure 5. 1995 Upper Rock River Basin Assessment 





Diatom Accumulation Rate 
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Figure 7. 1995 Upper Rock River Basin Assessment 







Ashippun L a k e ,  Waukeska Ccunty sediment chemistry resu1t.s (Con ' t )  . 
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