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I. INTRCIDUCTION

Legislotion bonning the use of phosphorus in loundrg

detergents hos been considered in severol oreos oF the United

Stotes os o uou to mitigote the eutrophicotion of surFoce uoters,
porticulorrg lokes tlloki, Bt. or. , 198ttl . The stote legisloture
oF lrJlsconsin enocted o three-geor bqn on the use oF phosphorus in
detergents u¡hich become efFective 1 Julg 1379. The purpose oF on

interim bon u¡os to ollor¡¡ on ossessment oF ong immediote regionol

uoter quolitg response r¡¡hich could be ossocioted uith its
imposition. The soop ond Detergent âssociotlon iniÈioted o

l¡Jisconsin lske studg progrom in 1978, ond continued it through

1383, irl order to provide inFormotion r¡rhich urould contribute to
qn evoluotion oF the efFectiveness oF the bon.

Ten lokes rr,ere selected ond monitored during the studg

period [Figure 1]. It mog be noted thot the concentrotion oF

selected lokes is in the north, houever, this is consistent ulth
the noturoL oggregotion of lokes r¡ithin the stote CLitlie ond

lloson, 13831. The studg rokes r¡,BrB divided into three groups

eoch consisting oF o "test" loke[s] ond o "reFerence,, loke. Test

lokes u,Btre those for uhich historicol evidence, ovoiloble From

either the Notionol Eutrophicotion Surveg CNESI or the trJisconsin

fleportment of Noturol Resources tI¡DNRl, indicoted thot o

percentoge oF their nutrient looding resutted from the dischorge

oF seu,oge eFFluent. EfFluent loodings, trrhen rinked to the
presence oF uosteuoter treotment plonts, occured os either direct
dischorge to the surfoce uoter or lond dischorge uithin the



droinoge bosln, otr resulted from the dischorge oF lndlviduol

septlc tonk,/leoch Field sgstems. ReFerBnct Lokes u,BrB those

determlned to not be impocted bg seuroge eFfluent From those

sources.

âs shor¡n ln Flgure 1 , test ond reFerence lokes u,are grouped.

The bosls For the groupings Iies both in geogrophic proximitg ond

ln reglonol geologg. In comporing doto collected From dlFFerenÈ

lqkes those Foctors r¡hich t¡ouId contribuÈe to normol Fluctustions

ln r¡oter quotitg doto, nomelg cllmotic conditions ti.e.

temperoture, rainFoll omounts ond FrequencgJ, t¡Jelre sought to be

minlmlzed bg consldering onlg geogrsphicollg proxlmote

test-reFerence loke poirs. In oddition, eoch loke group lies in

o unique geologic region of the stote (Prescott, 136e1. The Teol

Lqke group, iri the northuest, is locoted r¡ithin o region of

gronit,e topsoil underloin bg crgstolline rock. The LittIe

Beorskin loke group, irr the northeost, is locoted uithin o region

oF sondg soil.s, olso underloin bg crgstolline rock. The

Fish-Sr¡¡on loke poir, iFr the southeost, is locoted in s region oF

glocioted limestone soil underloin bg o Iimestone bedrock.

llorphologicol chorocterisÈics oF the Iokes ond their

droinoge bosins hove been reported [Clifford, et. ol., 1386].

Similorities betueen test-reFerence loke poirs occurred, overoll,
for most oF the coses. The studg lokes ronged in size from 36 to

IeS hectores. Hgdroulic residence times For the lokes voried

From Less thon Five dogs to overtr Four Ueors. AII of the studg

loke bosins Fostered some residentiol development. Droinoge

bosÍns For the lokes in the Little Beorskin group uere
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gBnBrolIU Forested [For the group on overoge of 7OZ oî the bosln
orBol t¡hile ogriculturs con be cited os the most prominent lond

usoge oround the suon-Fish lqke poir [on overoge of 682]. The

bosins surrounding TeoI ond Bolsom lokes ore chleflg Forested ond

morshg. Buttarnut Loke's bosin is o mix of Forested ond

ogrlculturol lond c+az ond 3ï% respectiverg) t¡hile Elk Loke's
bosin is, for the most port, residentiol (opproxlmotelg Tszl.
lloss ond Flsh rokes ore seepoge lokes; the remolning studg rqkes

ore drolnoge lokes.

I I . NONITORIN6 IIETHODOLOEY

Somples ond meosurements u,Era token From 5 to I times eoch

geor oF the studg, during ice-free conditions, ond from at reost
tt¡o sites on eoeh loke. Tr¡o meter integroted uoter somples u,etre

collected. For eoch site, Èhe Folrouing porometers urere

recorded: temperoturer dissolved oxggan, conductivitg, secchi

depth, chlorophgll-g., totol phosphorus, total Filteroble
phosphorus, totol oxidized nitrogen, totor kJerdqht nitrogen, ond

ommonio. ân oliquot oF the deep-site integroted somple

[col]ected of the locotion oF moximum depth, os determined bg

bothgmetric chortsl tr¡os preserved in on omber gtoss bottle r¡¡ith

Lugol's solution tâPHÊ, 19761 For ldentlFicotion ond enumerstion

oF phgtoplonkton species. ânolgsis oF these somples For olgol
species u:os conducted under the ouspices oF the Environmentol

Reseorch 6roup oF St. Poul, llN ond Folloued the toxonomic keg of
Prescott t196el. The olgol genero identlfied ore llsted in
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Toble 1. Êmong oll oF the studg lokes over 11tl diFferent olgol
genero u,Bre identiFied.

Enumerotlve doto uere grouped occording to the olgol
divlsions Chlorophgto [green olgoe), Cgonophgto (blue-green

olgoeJ, CrgptophUto, ChrgsophUto, Euglenophgto, Pgrrhophgto, ond

Boclrloriophuceoe IdlotomsJ, the sub-c]oss oF the divlslon
Chrgsophgto. These doto ¡¡,ere recorded in computer Files.

â more complete occount of the sompling ond onotgticol
methodologg emploged in the determinotion oF.phgsicol ond

chemlcol poromeÈers, os r.r¡ell os the stotisticol onolgsis

conducted upon the porometers Secchi depth, chlorophgll-g
concentrstion ond totol phosphorus concBntrotion hsve been

reported IcliFford, et,o1., 1986]. Subsequent to the onorgsis oF

these porometers similor stotisticol techniques u,are opplied to
the olgol enumerotlve doto. The results oF this onolgsis
Fol lor¡s .

I I I. âNÊLYTICÊL ñETHODOLOGY

A. Doto

Empiricol Probobllitg dlstributions For the enumerotive

doto, recorded bg olgoJ. division, os r¡elr os tronForms oF these

doto, u,ere cslculoted using o moinFrome stotisticor pockoge

CIlIDAS, Stotlsticol Reseorch Loborotorg, Universitg oF llichigoñ,

19761. This onolgsis confirmed bose-l0 log normol distributions
For modelling oF the divisions Chlorophgto, CgonophUto,

CrgptophUto, Chrgsophgta ond the sub-closs Bocciliophgceoe.
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Becouse oF the lnFrequent occure,nce oF doto volues For the

divisions Euglenophgto ond Pgrrhophgto, o distributionol Form

could not be identiFied For Èhese divisions. Since the

covorlonce ono).gsis to be emploged in the stotisticol onolgsis is
o porometric test, tha divisions Euglenophgto ond Pgrrhophgto

uJrre omitted from subsequent onolgsls. In oddition, members of

the sub-closs Bocilloriophuceoe [diotoms] uere Found to moke up s

signiFicont portion oF the Chrgsophgte communltg ulithin these

studg lokes Iopproximotelg 5IZ), hence, onlg the diotoms u,etre¡

considered in stotisticol onolgsis.

Êrithmetic georJ.g maons tToble Pl chorocterize t,he ronge oF

olgol celr concentrotions Found throughout the studg. Summer

meons [June, Julg, âugust] folloued trends similsr to georrg

meons. It mog be noted thqt doto were not collected For the test
lskes in 1979, the Ueor the bon r¡os imposed. In oddition
monitoring of Fish Loke uos discontinued Follouing 1SB1 ¡¡hen

excessive moctrophgte grorrrths inhibited somplÍng. I'lonitoring oF

Butternut, Suon ond Teol lokes uos continued through 1983.

Striking increoses in georlg meon olgoJ. cell counts mog be

noted throughout the studg period, in porticulor For the

cgonophgtes on Buttecnut ond suon lokes. These increqses

tgpicollg extend over severol orders oF mognitude, Follorrling o
logorithmic tronsForm oF the doto, these increoses oppeor

monotonic ond lineor. â ternporol plot oF the doto For the

Èest-reFErencs loke poir Elk ond reor tFigure ?J provides

evidence of the voriobititg of individuol meosurements throughout

the geoc. Ê mid-seoson moximum is opporent, during some geors,
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For the Cgonophgtes Cblue-greensl ond the Chlorophgtes tgreens).

No other seosonol trends con be eosllg discerned.

SimpJ.e stotisticol corralotions betr¡¡een biologicol ond

phgsicol/chemicol porometers tToble 3l provide insight into the

generor behovior oF the olgol enumerotion doto. Brue-grBen

olgae's ccgonophgtes) strong correlotion r¡ith chrorophgll-g.

concentrotion reflects the dominonce oF this division in the

studg lokes. cgonophgtes overoged T1Z oF otl orgol genero Found

in oll the loke somples. Ê19o1 cell obundonce ond o decreose in
secchi depth ore noted for o11 but the crgptophgtes. ârl groups

demonstroÈe their seosonol voriobtitg r¡ith relotion to totol
phosphorus concentrotion ond temperoture. Diotoms ond

Crgptophgtes oppeor to dcrminote during periods oF lor¡l temperoture

ond high phosphorus concentrotion ti.e. sprtng ond Folt
overturnsl while the summer moximo oF Cgonophgtes ond

Chlorophgtes is evidenced in these group's cotrreloLion r¡ith

temperoture tr O. e6, O . tlll ond louer correlotion t¡ith
phosphorus [r - O.e5, O.18].

âveroge cell concentrotions ronged From 7e67 cells./mL For

Butternut Loke to 671 cells/ml For Fish Loke. Concentrotions

r¡rere lourest For the tr¡o seepoge lokes, lloss ond Fish. For most

oF the Lokes Cgonophgtes urere the dominont division, houever, the

diotoms mode up the lorgest percentoge CIIZI oF the olgol

communitg oF Elk Loke most proboblg due to the lour hgdroulic

resldence tlme [<5 dogs) ond shollour depth Cmeon depth = 1.5

metersl uhich r¡ould help mointoin suspension oF the heovg cell
Frustu 1es,
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B. Covorlonce ânolgsls foc Eoch Test Loke

For eoch test-reFerenca loka poir, o covorionce onolgsis r.rlos

perFormed upon the olgol celr counts, os enumetroted bg divislon,
using the Follouring model:

log Uti - Êo * Brlogur, + EJi + Ei

The term ga. represents the i-th observotj.on on the test loke,

Uri represents the corresponding 1-th observstion on the

reference roke, ond Bi is o dummg vorioble uith vorue o For

pre-bon observations ond volue 1 For post bon observotions.

The resurt oF this onolgsis is dispJ.oged in Tobre T. In

orl, ê8 coses [Four olgol groups, seven loke poirs] u¡ere

evoluoted. For e3 oF Èhe coses o stotisticollg signiFicont tot
the 52 levell lineor relotionship r¡ros determined For divisionol
cell counts betr¡een proximote test ond reFerence Iokes, bosed on

the signiFiconce oF Bl. The coefficent B= represants the
post-bon chonge bett¡een test ond reference loke ond is
signiFicqnt, of the 5z Lever, For eight oF the ÊB coses.

Houever, For three oF these aight coses o lineor relqtionship
betueen test ond reFerence loke connot be determined. BF the

five coses urhere o post-bon chonge is detected, ond uhere o

rineor relotionship con be determined, three coses occur For o

single loke poir, the Etk-Teot loke poir, ond thot For

chlorophgtes, cgonophgtes ond diotoms. one cose occurs for the

dÍotoms betueen the But,ternut-Teql loke poir ond one cose occurs
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For the trrgptophgtes betr¡een Enterprisa snd Little Beqrskln toke.

Lineor relotionships exist For most orgol groups betr¡een

test-reFerence loke poirs uith the exception of the sr¡on-Fish

loke poir. contributing to this is most proboblg the rock of
138e doto For Fish Loke os uell os difFerences in volume t16x1f
versus 6.3x1o6 m.3 For suon ond Fish rcrkes, respectivelgl and

hgdroulic residence time t160 versus 1r1o dogs, respectivelg)
r¡hich r¡ou1d be expected to srotrr the reoction oF suon Loke, oS

compored to Fish Loke, to seosonol Fluctuotions.

The volue oF r-squored crÊ1, the proportion oF voriobilitg
For the lineor model exploined bU Foctors oFfecting both test ond

reference lokes, ronges From o.ttl to o.75 r¡hen considering the

o1go1 concentrotion doto. This is o greoter ronge thon thot
Found fO.13 to O.5Il r¡¡hen the some rnodel uros applied to doto for
secchi depth, totol phosphorus ond chrorophgll-g betueen these

some loke poirs. For those three phgsicot-chemicol porometers, o

lineor rerotionship betr¡een test-reFetrence loke poirs,
signiFicont of the 5z level, u,os observed in rz oF el cosas

[versus 23 oF eB cqses For olgol concentrotion doto].

C. Combined Covorionce Ênolgsis For All Test Lokes

For o simuLtoneous exominotion oF oll test lokes, o

covorionce onolgsis uos perFormed uslng the Follotrring model:

Uo 
r* 

B, log uri -jå
+.E F D.B. + E.j=1 J r I I

dD
J JT

oÞ+E6
j =1

Iog Uti r

-3

¡ DJilog uri + 6Bi



Eoch D is o dummg otr lndicotor o, 1 voriobre depending uponJ

uhether or not the observotion is From Èhe J-th test loke or not,
ond B is o o,1 vorioble For pre- or post-bon tg denotes the

number of test lokes minus onel. Thls model First odJusts the
totol test lske response vorioblitg For o potentiol relotionship
t¡¡ith the corresponding reFerence loke response ond for individuql
test loke dlFFerences ond then exomlnes For the eFFect oF

impositlon oF the bon. The stepurise model considers, in order,
the log test loke response qs the sum oF o generor interctspt, o

lineor component relotlonship r¡¡ith the log reFerence roke

responsÊ, oñ odJustment in the lntercept For the speciFlc test
loke, oñ od¡ustment in the srope for the speciFic test loke, ofi

odJustment in the generol intercept for pre/post-bon snd on

odJustment in the intercept for o specific test loke For

prelpost-bsn. In thls onolgsÍs odditionol degrees oF freedom

become ovoiloble for stotisticol testing purposes, giving o

greoter copobilitg oF deteeting diFFerences.

ïhe results of this onolgsis troble 5l shor¡ o strong

test-reFEtrence lske correlotion For the Four oIgoI divisions
considered tr? ' 0.39 to o.60l. Littre intercept odJustment is
needed uhen considering individuol test lokes ond olmost no

od3ustment is mode in the model's slope. There is onlg o

morginol odJustment in the model intercept For diotoms u¡hen the
bon response is considered c^r? - o.11r, ond for cgonophgtes

(¿r' - .061. Houever, oñ exominotion oF the georlg meons

indicotes thot this bon response is in the positive directlon.
In other uords, the monotonic increosa in dÍotom concÉrntrotions
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seen For the lokes throughout the studg period is someu,hst

greoter For test lokes thon For reFerence lokes, o trasponse uhich

r¡ouId not, be ottrlbutoble to the phosphote bon.

The reFerence loke covqrlote comprlses o signlFlcont

proportlon of the model's vorlobllltg CToble 61. Considerotion

oF the test loke dlFFerences dld not oFFect the modei.

slgnlflcontlu, Thls ls ln dlrect controst to the covorlote

onolgsls For Secchl depth, totol phosphorus ond chlorophull-g

uhere the greotest proportlon of voriobllltg in the model

occurred in the intercept odJustment For indlviduol test' lokes

Ivolues oF O.3ï, O.TS ond O.ae, rgspgctivelg; for comporison,

observe the volues For olgol concentrotion, bU divislon, oF 0.06,

O.10, O.1I ond O.OTl. Thls r¡ould polnt to the stobilitg oF

biologicol indicotors, i.e. olgol concentrotion, 1rì environmentol

impoct onolgsis utilizlng the test-reFerence loke opprooch.

Those porometers tgpicollg considered, Secchi depth or

chlorophgll-9. concentrotion, uhich ore Functions oF olgol

concentrotion, suFFer os indicotors most proboblg due to the

robustness oF their determinotion.

â shiFt ossocioted u¡ith the bon uros detectoble in onlg six

oF the ê8 coses (Toble 7), Four oF these shifts u,ere ossocioted

r¡ith diotoms. In oLl slx coses the indicqted chonge uos

positive, o response u¡hich t¡ould not be expected due to the bon.

The number of slope estimotes thot ore stotisitcollg signiFicont

[p-volue < 0.05] is on indicotion thot the relotionship oF the

reFerence lokes to the t,est lokes is occountlng for o
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stotlstlcollg slgnlFlcont

rel.otlonshlp wos useFull

proportlon oF the vorlobllltU. Thls

ln moklng the onolgsis more sensltlve.

D. llultivoriote ânolgsis

Ê generol multivorlote onolgsis, toking lnto occount the

covorionce sÈructure oF the doto, u,os corried out. The

meosurements For o given loke ond geor uere considered to be o

single multivoriote voriobLe, or vector, For the purposes oF

onolgsis. For eoch post-bon Ueror, the vector onolgzed octuollg

consisted oF the diFFerences From the cotrrEsponding sompling

times For the single pre-bon Ueor. The model con be uritten

mothemoticol lg os Fol.lor¡s:

*tJn-Fk*Yik*tJ*
(1 s 1,?,3,T; J - 1,a,3,1,5,6,7,8,9;

+

k

Ê-ilk
- 1,e,3,t,516,17r8)

Here trJn ls the kth observotion on loke J in geor i, f,k is the

ktf, component oF the grond meon, Yik is the kth component of the

eFfect of geor 1, ond L.rn is the kth "otponent 
oF the eFFect oF

loke J. For o Further explonotion oF the porometer estimotions

sErE CIiFFord, Bt. ol . t1386l ond llorrison t19761 .

The qnolgsis ulos performed using doto constructed From the

diFFerences of the ]og test loke responses ond the corresponding

log reFerence lqke responees, on onoLgsls of the test loke doto

od¡usted For o potentiol relotionship r¡ith its corresponding

reFerence loke. â groph CFigure 3l oF the simultoneous
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conFidence intervols on the diFFerencas betueen post- ond pre-bon

geors For eoch poÍnt in time thot uos sompled shor¡ no observoble

eFfect oF the detergent phosphorus bon.

Troutmonn, et. ol. C198el dlscussed the relotlonship oF

somple slze ond the chonce oF detecting o minimum omount of

chonge Irepresented 1n terms oF stondord deviotion units] ln

llmnologlc porometers followlng o detergent phosphorus bon, IF

correspondlng meosurements hove been mode on o reFerence loke qnd

then emploging, os o model, o lineor relotionship bett¡een test

ond reference loke mgosurements, the originol test loke vorionce
)

con be reduced bg o fsctor oF 1 - r- Cu¡here r is the correlotion

bett¡¡een tesÈ snd reFergnce Loke dotol. For exomple, iF re - O.5O

then the test loke vorionce is holved ond the stondord deviotion

î reduced to O,7Ls, Hence, o somple siza big enough to detect o

chonge oF 3 stondord deviotion units t¡ith test loke doto onlg

u¡ould detect o chonge oF ?. L test loke stqndord deviotion units

iF one incorporoted the refetrernce loke relotionship t¡ith
)r- - O.50. For the vorioble discussed in this poper [divisiono]

olgol cell concentrotionsl the volue oF te corrged From O.39 to

O.60. Hence, the incorporotion oF the test-reFerence loke

relotionship improves detectobilÍtg of o shiFt For o given somple

size oF test loke doto. In o sense, this is on improvement oF

precision oF test loke inFerences using concomitont doto on o

reFerence loke. If one reFerenca loke con be used For severol

test lokes, oñ eFFicient sompling progrom con be reolized.
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IU. CONCLUSION

Thls studg hos shoun Èhqt o lj.nk betr¡een o bon on detergent

phosphorus ond o chonge ln divisionol olgoe concentrqtions does

not exlst for the seven lokes studied in t¡Jisconsin. Thls result
concurs ¡¡ith on eorlier Finding thot the interim detergent

phosphorus bon dld not eFFect the concentrotions of totol

phosphorus or chlorophgll-g or the Secchi depth For the ssme

seven lokes. Folloulng the studg o re-evoluotion oF the

phosphorus budgets for the lokes det,ermined thot onlg Four oF the

seven test lokes could oscribe detergent phosphorus os o

potentlol nutrlent source. ThereFore, For three oF the lokes, 1ñ

oddltlon to the reFerence lokes, o bon on detergent phosphorus

could hsve no eFFect upon t¡qter quolltU. The stotlsticol
onolgses emploged hove borne this out ond shoun thot ong shiFts
in olgol concentrotions betr.¡¡een test ond reFerence lokes move in
o direction r¡hich r¡ould not be ottributoble to the detergent
phosphorus bon.

The three ststisticor models used in this onolgsis hqve

determined o signiFicont rerqtionship betr¡leen geogrophicollg

proximote lokes in Lerms oF divisionol olgol concentrotions. The

strength oF this relotionship is greoter thon thot t¡¡hen common

limnologicol trophic indicotors, such os totor phosphorus or
chrorophglr-g concentrotion or Secchi depth, ore considered. â

test-reFerence loke monltorlng opprooch, coupled r¡1th

considerotion oF bioJ.oglcol porometers, ulould Flgure to be o
efFective strotegg in envlronmentol impoct onolgsls.
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FIGURE 2. Tempora'l Plot of Algal Enumeration Data, Elk Lake (T) vs. Teal Lake (R).
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FIGURE I, Estinnted dlfferences ord 95% confldence bourds for post-bon effects,
Arnlysls of differerìces of logorltlmlc tronsform of doto betvËen test
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Table I Algal Genera ldentlfled 0uring
(Genera are I istod under name

the Wlsconsln Lakes Study.of phytoplankton faml ly).

CYANOPHYTA
(Cyanobactería )
Anabaena
Anacyst ¡ s
Aphan i zomenon
Ch roococcus
Coelosphaerium
C I oeoca spa
C I oeothece
Gomphosphae r í a
Lyngbya
Merismopedia
Microcystis
Nostoc
Oscí I lator¡a
Phormidium
Polycystis
Spirulina

Act i na st rum
Ank í st rodemus
A rth rodesmu s
Binuclearia
Carteria
Cerasterias
Cha rac i um
Ch I amydomana s
Ch I o rococcum
Chodatel la
Closteriopsis
Closterlum
Coelastrum
Cosma r i um

Elakatothrix
Eua st rum
Eudo r I na
France ia
Gem¡nel Ia
Gloeocystis
Golenkinfa
Cona tozygon
Gon i um

Lagerheimíâ
Micraetínium
Mougeot i I
Oocyst í s
Pachyc I adon
Pandorlna
Pediast.rum
Planktospharia
Pleadorína
Quadrigula
Rad i ococcus
Scenedesmus
Schroederia
Se I ena str.um

Stylosphaerid ium
Tet radesmus
Tet raedon
Tet ra spo ro
Treubaría
Ulothrlx
Vo I vox
Weste I I a
Xanthldlum

CHRYSOPHYTA
Attheya
D i nob ryon
Ma I lomonas
Ophiocyt¡um
Stipitococcus
Vaucheria
Iunicel lularl

, ptAIoMs CRYPTOPHYTAachnãñthes õñTõFoõFromonas
C ryp tomona s
Rhodomona s

EUGL€NOPHYTA
fug I ena
Lepocinel is
Phacus
T rache I omona s

PYRRHOPHYTA
Ceratium
Glenodinium
Hemidinium
Peridinlum

Amphíprora
Ampho ra
Asterionel la
Caloneis
Cyma top I eu ra
Cymbe I la
Diatoma
Ep¡them¡a
Eunot i a
Fragillaria
Gomphonema
Gyros igma
Melosira
Meridion
Navlcula
Nitzschia
Pínnularia
Rhizosolenia
Stsurone I s
Stephanod i scus
Surírel la
Syned ra
Synu ra
Tabel laria
Vaucheria
I sma I I pennate ]

Cruc lgen ia Sphaerocyst i s
Desmid ium Spondylos íum
Dictyosphaerlum Stauråstrum

Haema tococcus
I pa lme I lo id green]
Iunicel lular coccoidl
Iunicel lular flaget tatel



Table 2 z YearJ.y Arrtl¡metrc ¡/¡eana tor årgar \,OI¡Lg¡¡Ll ct L¿(J¡¡Þ \Lvilu. t |tL l

Butternut
Chloro
Cyano
Diaton
Cr¡pto

BaIsam
ChIoro
Cyano
Di,atom
Cr¡pto

EIK
Chloro
Cyano
Diatom
Crlpto

Townline
ChIoro
Cyano
Diatom
Crlpto

Enterprise
Chloro
Cyano
Diatom
Crlpto

Moss
ChIoro
Cyano
Di.atom
Crypto

Swan
ChIoro
Cyano
Diatom
Crlpto

Ei sh
ChIoro
Cyano
Diatom
Crlpto

Teal
Chloro
Cyano
Diatom
Cr¡pto

t. Bearskln
ChIoro
Cyano
Diaton
Crypto

I978

27
405

13
32

35
243

32
13

27
5

29
L2

18
164

25
L2

24
52
35
2t

15
26
13
10

7
200

23
3

18
37

9
10

24
159
28

9

15
26
24
29

1979

35
884

44
44

95
864
133

88

50
667
141
190

1980

49
1886

62
230

27
588
204

75

137
939
381
324

111
444
88

t77

56
504

81
177

40
164
25
94

63
916

59
145

44
2r6

L2
106

62
177
45
78

86
t92
81

161

1981

113
3226

264
397

L2+
1 180
1211
805

304
322

2393
299

L45
2007

590
342

2t5
1097

470
404

92
675
154
333

t27
3093
to23
272

107
810
143
23e

65
825
875
262

L47
398
422
533

1982

400
L4T82

664
859

532
t907
1500
t2t4

629
1306
1658

503

304
3280

663
1007

483
t206

719
1 136

278
t252

273
507

634
6760
1498
1381

397
3012

557
783

473
2139

490
795

1983

356
13543

526
731

s57
103 16

405
540

500
2407

278
676



Table 3:

Ch f,rophytes

Jyanophytes

Diato¡ns

Crlptophytes

Pearson Product Moment Correlationfor Log Values of parameters Coefficients (r)

.16

.45

.20

-10

Chlorophyll-a

-. 18

-.24

-.21

.03

Secchi
Depth

.26

.18

.37

.23

Total
Phosphorus

.26

.44

-. 01

- .03

Temperature



Table 4: Covarience Anelysis for lndividual Test Lakes

Reference Lake | --------- F i sh--------
I

Tea l ----------
Test Lake

Pr ramete r
lntercept ßo

Post-Bsn Change $2

Sta nda rd
Error (S.E. )

Sva n

CHLO CYAN All\I CRYP

.29 1.2A .6' .21
4

.65 .85 .24 1. 17

.26 .55 .26 .52

Ba I sam

CHLO CYAN DIAT

.54 .85 .97
t+

.14 .31 .99

.22 .16 .28

CRYP

.51

.18

.34

Butte rnut
CHLO CYAN DIAT

. 05 .25 .43
.L

. r8 .62 .78

.24 .33 -21

CRYP

.73

.51

.q8

--_Etk
CHLO CYA¡I D IAT

.55 -.66 .92
lÍ*i

.39 1.30 1.25

.19 .29 .24

CRYP

.61

.47

.34

Stope ßr

S.E. of Stope

R-squa red

A R-squared

r+ ------------

. 30 .72

.15 .16

. 3l -72

.20 .00

.45 .26 . 8r{

.23 . 40 .17

. 38 .2O .6r{

.14 .08 .ol

.26

.28

.52

.09

.68

.16

.l{8

.01

.65

.08

.72

.03

.86

.17

.55

.01

.85 .46

.'t5 .11

.54 .53

.o, .15

.48

.24

.50

.02

.68

.14

.56

.06

.64

. r4

.45

.23

.34 .55

.13 .17

.41 .69

.29 .o2

Reference Lake

Test Lsko

Pa ramete r
I ntercept ßo

Post-Ban change ßz

Standa rdError ( S. E. )

EnLerprlse

CHLO CYAN DIAT

.6' .23 l.08
t+

.06 -.27 .58

.29 .26 _26

CRYP

.ztt
ll

.70

.ztt

Li tt le Bea rskln--------
Moss Tovnl Ine

CHLO CYAN DIAT CRYP

.35 -.06 -.21 .33

.31 -.11 .37 .61

.36 .28 .2A .36

CHLO CYAN DIAT

.53 1 .00 .54

.45 -.21 .63

.31 .36 .34

CRYP

-.15

.50

-37

Slope ßr

S.E. of Slope

R-squa red

Â R-squared

l+ fl
.64 1 .03

.21 . 13

.50 .75

.oo .01

t+

.30 .63

.15 .15

.38 .75

. 09 .05

+t+
.55 1 .00

.27 .14

.44 .74

.ol .00

T -------l¡

.75 .50

.17 .22

.63 .52

.o2 .04

{+

.49

.24

.50

.03

+l+t+
.80 .50 .80

.18 .20 .23

.48 .44 .65

.01 .06 .o2



TâBLE 5.

Comblned Covorlote ânolgsis.

Sum oF lleon Test
llodel Steos Porometer Souores D.F. Souore Stot.

ReFerence Chloro 15 .71 1 TS .71 elO .6; ,+Z ,+7
Loke Response Cgono 11T.8e I LlT.Be e7S.3; .ï9 .T9

Dlotom 60 .8e 1 60 .8e eaO . Tr . 39 .33
Crgpto 98.18 1 98.18 36e.3 .EO .60

Intercept, Chloro 5.OS 6 .BS 3.9e: .Se .Os
ÊdJustment For Cgono el.T3 6 3,57 8.56r .SB .09
Test Lokes Diotom el.eO 6 3.53 1e.78r .S3 .1I

Crgpto 5.O5 6 .8r 3.1O .63 .03

Slope ÊdJustmenÈ Chloro 1.16 6 .13 .BB .S3 .O1
For Test Lokes Cgono 1.96 6 .33 ,Zg .S9 .O1

Diotom e.18 6 .35 1.30 .5T .01
Crgpto 1.8e 6 .3O 1 . 11 .6Ll , 01

Intercept Chloro e.36 7 .3rt t.SZ+ .56 .O3
âdSustment For Cgono 1T.3T 7 e.OS S.9e* .65 .06
Post./Pre-Bon Dlotom t7 .e? 7 e . ï6 I . g1r .65 . 11

Crgpto 5.T3 7 ,7A e.BB .67 .O3

Residuol ChLoro 1e,91 198 .eL7
Cgono 8a.5e 138 ,+L7
Diotom 5I .67 198 .e76
Crgpto 53.58 198 .?7I

t p volue less thon O.O1

?

^R-
R-



TâBLE 6.

Proportion oF Uoriobtlitg Explolnad bU Uorlous Sourcas.

Proportlon oF
Usrlobllftg Proportion oF
Explolned Totol

Source lleosurement bg llodel Uorisbllitg

Reference Loke Chloro
Covorlote Cgono

Dlotom
ErUpto

Test Loke Chloro
DfFferance Egono

Diston
Crgpto

o. Br
o,75
o.60
0.Bg

o. 1e
o.15
o. e3
o. oE

o.rl7
o.ï9
o,37
o.60

o. 06
o.10
o.1T
o.or



TABLE 7. Estlmotes oF
Correspondlng

Chlorophgtes

the Post-/Pre-bon shlFt
ReFerence Lokes.

Cgonophgtes

ond Slope-CoefF:.cent For

Dlotoms Crgptophgtes

Loke

Post/Pre SIopa
chng. 1n
intercapt

Post/Pre Slope
chng. in
intercept

Pogt/Pre Slope
chng. in
lntercept

Post/Pre Slope
chng, 1n
lntercapt

Tounllne .e3
c.331

Sr¡on .I3
t.T1l

Bolsom -.oB
c.391

.18
c,esl

.34
t.331

.51
c.e9l

|l
.7I

t.egl
I

,67
r.egl
.6r

c.351

.55
r,351

-.elt.3rl
.85

t .511

.31
t . rt3l

.64
t . rt3l

il
1 .30
t.r3l
. ,?7
c.+7)

-.11
c,17)

t
,go

T,L7J

.e6
t .331

t
.65

c.ell
t¡

,76
( .411

;
.6rt

r.all
|I

1.03
t.eTl

t
1.OO
t.eïl

I
.63

r.egl

.er
t.391

t
1.OO
t.381

ï
,74

t.381
t

1.e''t
t.381

.58
c.11l

.37
c.T1l

t
.50

c,t7)
t

. BLT

t.esl
.e9

t.ell
I

.50
c,e1l

.33
(.el1

.e8
(.4ïl

|l
.67

c.erl

.50
t.351

tt.L7
t.551

.18
c.531

.51
t.531

,+7
t .531

,70
t.I9l

.61
t.rtgl

|l
.80

r.eel

.46
t.3el

{t
,7?

c.egl

. rt8
(.e91

,57
c.egl

lt
.63

c.301

.50
c.301

Butternut - . Otl
t.331

Elk .I7
c.391

Ent,erprf se - .18
c ,+7)

lloss .o9
c .+7)

r¡ p-volue less thon O.05
C I Stondord Deviqtion


