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”An'ﬁmgirical analysis of Factors Controlling
‘Eutrophication in Midwestern ILmpounduents'

by

™

W. W. Walker and J. Kanhner
‘Meta Systems ing _ _
. '10 Holworthy Street - -
Cambrzdge. Massachuse»ts 02133 :

ABST:ACT_.jf

'Ah'analytic31 strategy is described and implemented to examine empirically the .

factors controlling algal growth in midwestern impoundments. EPA National
Butrophication Survey data from 23 natural lakes and 27 reservoirs located in

'-_Ohio;-Indiana, ‘and Illinois provide a basis for contrasting lake and. reservoir -
_behavior in this region. Three aspects are studied: (1) phosphorus retention; -

(2) impoundment pnosphorus/outflow phosphorus relatlonshlps, (3) -algal response :
as measured by mean summer chlorophyll-a concentration. .Results indicate that

_preVLOusly developed empirical models for assessing. eutrophlcatlon problens

based only. upon total ahosphorus louq1wg and certain morphometxic and hydrolcgﬁciii

characteristics are not appropriate in this region due to the apparent influences ' .
of sediment loadings on phosphorus trapping, light penetration, and nutrient
‘availability. Multiple .regression analyses indicate that chlorophyli-a levels

are significantly related to phosphorus levels and .lusn;ng rates in. natural
lakes and to phosghorus levels, tarbzaltles, and cerths in resexvoirs. Tnese
‘results are consistent with the hypothes;s that light is more Lqportant as-a’

. controlling factor in reservoirs than in’ lakes., WNitrogen is apparently . ..
‘insignificant as a controlling facter in most of the *mpouncments.scuqled..  K
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INTRODUCTION . _ _ _ o

Methods for assessing eutrophication problems in impoundmenté range from the
relatively simple and empirical to the relatively complex and theoretical., Fox
use in data-limited areas, the simplicity and low data requirements of the former
are desirable attributes, provided that they are reliable and flexible enough to
address the kinds of guestions which might be asked in a water quality management
context. Most empirical efforts at eutrcphication modeling have been based upon
data from patural lakes in northern latitudes (Vollenweider 1975, 1976; Dillon
“and Rigler, 1974a; Jones and Bachman 1976; Chapra and Tarapchak, 1976; Reckhow, _
1977; and Walker, 1977). Because of the empirical ‘nature of these models, they: ~— - ~~
are of qpestionable~vélidity in impoundments that are artificial and/ox loca;e&,_-;h;_..
further south. ' Shannon and Brezonik (1972a, 1972b) and Tapp. (1978) have analyzed .
data from southern latitudes and some reservoirs, but have not systematically
tested for differences in model performance due to region or impoundment type.

In developing a methodology for evaluating the effects of agricultural practices
on water quality,. Meta Systems (1978) analyzed data from a collection of lakes
and reservoirs located in Ohio, Indiana, and Illincis. Based upon that work,
this paper describes a general analytical approach leading to some empirical in-
sights into the factors controlling algal growth in midwestern impoundments. - The
results provide preliminary indications of the kinds of modifications which might
be necessary if empirical approaches to eutrophication assessment are to be applied
successfully to, lakes and reservoirs in this geographic region. : ' -
'DATA BASE ' _ T ' _ _

The EPA's National Eutrophication Survey (1975) has provided data on the lo-

. ecation, hydrology, morphometry, nutrient budgets, and trophic state indicators

~ of 75 impoundments in the three-state region. These data have been screened to
_eliminate those impoundments with incomplete information, with unusual character-

istics which may have influenced nutrieat dynamics and trophic state response - .

(e.g., artificial mixing), or with hydraulic residence times less than three days.

A statistical summary of the remaininG sample of 2? natural lakes and 27 reser- -

voirs is giver in Table 1. Seven of the nateral lakes were'classified by EPL as | .

mesotrophic. The remaining 16 lakes and 27Jreservnir$>were.classified'as,eutrophicr ol

TABLE 1

" Statistical Summary of EPA National Eutrephication Survey -
_Data from 50 Indiana, Illinois, and Chio Inpoundments

23 Lakes 27 Peservoirs

Varfable - ‘Units nimnmiMedian IMaximm]Mini=um] Madian [Maximum
Surface Area _ “(km<) { .23 ] 1.89 | 48.52] .19 | 5.62] 105.2
. Drainage Area . ' (a?) § 7.7 -|87.7 |2428. } 17.7 |551. [6937.
Mean Depth S (m) 1.4 | 6.1 ] 12,21 1.2 | 4.6} 7T.2°
. ‘Maximum Depth 0 ) ] 4.0 15.1 o] 7.5ty ) B.a | 247
‘Hydraulic Residence Time " {yrs} | .03 .41 6.7 .03 | -.22| -1.25
Ovecflow Rate - . twm/yr) | .56 |13.¢ | 142. | .z.81 | 15.8 | 120. .
_Phosphorus Loading . (g/mé=-yr§ .09 { .93 ] 29.5{ ..28 ] 3.14] 32.9
. Retention Coef.. e | =03 33 87 ar)  .a7| - .80
- Nitrogen loading - (g/m?-yxX 3.30 |46. }'s97. ] 6.20 | 75.9 | 4¢s9.
Retention Coef. = e e20f .28 {80 ) +a30| - L23F .55
Chlorophyll-a*  (mg/m¥) | 3.8 ‘J11.5 [ig7. § "7.0 | 21.1 |- 90.5
' Secchi Depth® ) .25 ] 1.60°1  3.75F 0 367} LT 155
‘Median Total P* tmg/m?) § 9.0 l34. .| 708, 25, |73 faze.
Median Inorganic N* tgady | a2z | ure | aarsl . aas | oias| son

- _fSuﬂur average; annual average otherwise.




ANALYTICAL STRATEGY

Bicassay studies conducted by the EPA/?ES (1975) in these impoundments indzcate o

that nitrogen is present in excess of phosphorus relative to algal growth re-
quirements in most of them. Thus, ‘our initial premise is that alqal growth is
limited primarily by phosphorus supol;es. Possible effects of limitation by light
and/or nitrogen in specific impoundments are also assessed. The basic analyt:cal
strategy depicted in Figure 1 is similar to that described by Chapra and
Tarapchak {1976} . Three types of models are used to relate.external phasphorus
loadings to algal growth responses, as measured by mean summer, photic-zone

. chlorophyll-a concentrations. TFirst, a phosphorus retention medel estimates that
-fraction of the phosphorus input which is trapped in the impoundment sediments on

~an average annual basis. A second model relates annual average phosphorus con-

* centration measured in' the impoundment outflow to that measured within the im=.
poundment during the summer season and assumed to ‘be available to support algal
growth.. Finally, an algal growth model relates chlorophyll—a to phosphorus and
other controlling factors. . For each. of these relationships, the lake and reser-

. voir data have been examined in relation to previous models developed for natural

" lakes in other geographic regions in order to assess model generality across

'reg;ons and 1mpoundment tynes.

’ lHPDUNDMENT_HORFHOMETRIC/HYDRULOGIC CHARACTERISTICS

SUMMER
IMPOUNDHENT
" CHLOROPHYLL=~A

ANKUAL
IRFLOW
PHOSPHORUS -

SUMMER
-»{ MPOUNDMEHT -
PHOSPHORUYS'

Figure 1: Analytical
' C . Strategy

ANNUAL
OUTFLOW
PHOSPHORUS

OTHER CONTROLLING_FACTORS

Hcrizontal variations in phosphorus and chlorophyll-a levels are SLgniflcant
in some lakes and resexvoirs,but only average levels are considernd here. - This
is a logical first step, given the types of available data, and does not imply '
an assumption of complete horizontal mixing. Future development of an exnanded
data base and modifications of this analytical approach to account for horizontal
variations may be justified, particularly: for applicatlons involving reservnlrs
with- hlgh length/width ratios. .

. PHOSPHORUS RETENTION MODEL

. The phosphorus retent;ou model estxmates the fractlon of influunt phosphgrus
which is trapped in bottom sediments due to the net effect of . various chys;cal,
chemacal, and blologlcal processes. From a steady-state ‘mass balance.

Po = Pi (1-Ry | T -
_uhere.; . ' T .  . o -
..Po = annualQAvefége outf16w £6£a1 phosphorué-ﬁbﬁéehtration .(mg/ﬁ3j'

'Pi = annual-average 1nflow total phosphorus concent:atmon (mg/m3)
. Rp = :etent;on coeffmc;ent (d;mens;onless] ' o

The average lnflow and outflow concentxations are flow-welghted and the retentlon
‘-coefficient is measured indirectly for a given impoundrent from mcasurements of

'flow. inflow concentration, and outflow concentration.’
A variety of models have beeh proposed for estimating Ry as a function of im—-

- poundment morphometric and hydrologic characteristics. One version (VOllenwelder,'

-1969, Chapra, 1975) essentially assumes that the removal rate of phosphorus per
unit area is proportlonal to the average phosphorus concentratzon 1n the water



the.net

'_lowmng formula for the retentlon coefflc;ent-"

1-rpmre S @

-Qs = surface ovarflow rate (m/year)

'Ufp

. the assumption of complete horizontal and vertical mixing is rarely satisfied in
" lakes and reservoirs, the physical interpretation of the term “settling velocity".

formulation. Retention coeificient and overflow rate data from northern lakes

 The effective settling velocity is highly variable across impoundments, ranging
from1 to 125 m/yr with a median value of 12.7 m/yr. It is apparent that these

" when alternative models developed for northern lakes (Rirchner and Dillon, 1975,
‘Larsen and Mercier, 1975) are tested with these data.
‘sult of watershed erosion may function as a sink for phosphorus under ce:taln conf
“and Randall, 1975; Olness and Rausch, 1977).. These observations, c¢combined with
3¢geographzc region, suggest that phosphorus: trappzng EfIlClenCles may be partially _l
- controlled by impoundment sedimentation rates. To test this hypothesis, sedimen=-

- tation measurements have been obtained for 15 of these impoundments from the USDA

-ingident phosphorus: budget and sedimentation rate- data,- measuxements on CallahaU'“""%*
_Reservo;r, Missouri (Rausch and Schreiber, 19??] ‘have been used to supplement the

. :.277 kg/m Jear and are attributed primarily to external sed;ment inputs resultlng
- from watershed erosion, as distinguished from internal’ sources (chemlcal preclpl-.
_ tation and net primary production). '

'.fcr each impoundment based upon reported Qs and Ry values. .The relationship be- -

”.?where,z.. - | - ” - N - - |
1's = sedlmentatiOn rate (kg/m? -yearl
“_“allowlng the- estxmated settling velocity to.assume a m;n;mum value.ef.zero, equa-_i:

coefflc;ent data w;th a standard error of 0 12.

column. In a completely—mlxed system, a steady-state mass balance glves the fol-

Py . Qg

Qs + Up - ) ' | S o -,

where,

= effective “settling veloczty “of phosphorus {m/yr}

Because of the variEty_of mechanisms involved in phosphorﬁs.retention and because....... .
is suspect. Eguation {3) should be Vviewed as an empirical rather than theoretical
suggest average settling velocities of 10 m/year (Vollenweider, 1969} to 16 m/year

(Chapra, 1975). The performance of this model in Corn Belt impoundments is poor.

systems may be characterized somewhat differently from northern lakes with regard
to rates and mechanisms of phosphorus trapping. Simnilar conclusions are reached

Several investigators have suggested that sediment entering’ waterways as a re-
ditions due to absorpticn-sedimentation reactions (Taylor and Kunishi, 1971; To.
the ‘moderate to ‘high erosion rxates characterlstlc of some watersheds in this T
(1973) and the Illinois State Water Survey {1977). Given the scarcity of the co-
above. Reported sedimentation rates for these 16 insoundments range from 3 to

Equation (2) can be solved for Up to estimate an effectlve settllng VelOClty

tween UP and sedimentation rate for 16 lmpoundments is deplcted in Flgure 2 and
summar;zed by an equatlon of the followlng form S

tions (2} and (3) explain 73 perxcent of ‘the var;aace in the reported retentlon o




_ . A variety of alternative empirical

23 - ' =~ . formulations for predicting retention

: - i coefficients in these impoundments have.

been tested (Meta Systems, 1978}. In

] addition to sedimentation rate, depth,
overflow rate, and inflow phosphorus

. concentration have been included as

. independent variables. The results of

- the analysis indicate that sedimen- o
‘tation rate has by far the strongest . ... ...
- predictive ability. - The limited amount. '
of data available (16 impoundments} ==~ «--

" however, does not permit clear dis- - |
tinction among alternative forms for
the model. Eguation (3) is the simplest
formulation tested and should be con- - .

. sidered a.preliminary result. At this

parasmwares BN ' time, insufficient data are available -

' . to sort out mechanisms or to detact

: - differences between natural lakes and

Y I BTN AT ¥ 1 A SR S S SN | ——g reservoirs, once sedimentation rates
203 8 7R Ldv 0wy AWG RS 3° are taken into account. The generally

o S *Saeimeniztian Rews {xg/mteyed ' .highez_'- sedimentation rates characteristic |

v ag

b
)

t |_|1n_|

)
:

Ptusphows Sciling velocity) U4, fmy}
5

2f-. ' & Raservairs _ -

Figure 2: Relatlonshlp between Sedimentatzon Rate and Phosphorus Settllng Veloc;ty
- - for. 16 Impoundments

of reserv01rs, however, would indicate generally greater phosphorus trapplng
efficiencies.. '
A potential ‘exists for recycling of botton sedlment pnosphorus into ‘the water
o column due to wind-induced resuspension and/or to changes in phosphorus adsorptmon _
wf-w-““*'ohemlstry under the anaerobic conditions which are-characteristic of bottom - —¢-=-~=-—"
sediments and some impoundment hypolimnia (Syers et al., 1973). Anaerobic con- )
ditions were detected by the EPA/NES in the botton waters of seven of the fifteen . -
impoundments studied here, all of which have mean depths  less than five meters.. ’
‘The results may not hold irue in deeper lakes or reservoirs with more. extensive
stratzf;cation and greater potential for phosphorus recycling through anaercbic
bottom waters. It is possible - ‘that the negative intercept in equation (3). reflects
the importance of this recycling in impoundments with relatively low sedimentat;on_-
rates. Additional data are needed to test the generallty -of the above results-in -
deeper ‘impoundments and . in other geogreph;e areas. :

OUTELOW PHOSPHORUS/I%POUVDMENT PHOSPHORUS RELATIOVSHIPS

In order to link the phosphorus retentlon and algal growth models, 1t is nec-:
. essary to relate annual-everage outflow Phospnorus concentratlon to that measured
- during the summer wzthln the impoundment. ~In general. a direct equlvalence of
~ these two quant;t;es cannot be assumed because of the possible effects of seasonal
variat;ons. lack of complete hor;zontal mixing (e g., plug flow behav;or} and/or
~vertical stratification. Regression analyses have been. performed to relate Po
and P, values in the sample of 23 natural -lakes and 27 reservoirs. As tabulated
.by the EPA/NES (1975), Pg is defined as the spatlal and temporal - median total-
phosphorus concentration measured durlng the summer_thhln the impoundment., - Re=- |
- gression analyses performed for lakes and reservoirs separately do not 1nd1cate
. signlfioant dszerences between the two . date groups.. The relationship can be




P

' Pv-s_mean spring total phosphorus (mg/m3)

sumnarized. by: _ _ .
Py = 0.78 Po S ' L T ' ' o T Y

an identical relationship has been derived using EPA/NES data from northcentral

and northeastern impoundments {(Walker, 1978). As-shown in Figure 3, egquation- (4}
explains 88 percent of the variance in the base-10 logarithm of Pg with a

standard error of 0.14. Residuals co not exhibit any patterns when plotted aga:.nst
a number of morphometric and hydrologic factors.

These results suggest that, on the

~f§ < average, seasonal effects on phosphor- ----~-- -
| £ 1900y T us concentration may dominate over .those ...
% i‘.'ﬁ: - of plug flow, since plug flow behavior

é ;a;- would tend to result in PS/PQ ratios

g : greater than one. In future work, it

would be interesting to examine P /P

8 o= ratios as a function of 1ength/w1atn

g' b _ ratio or other morphometric variables

g"%r . ‘,ﬁ‘: o = which may govern the extent of horizon-

Z & s h : tal mixing. Summer phosphorus levels: _
- y// f - ~may tend to be lower than annual average

= - p: ° i levels because of longer residence times

3 o and higher rates of biological activity.

& - 1 . Another effect which may be important

2 ' _ o Nearores Cares and requires further testing is that -

'g wEr /4 ' ' {aReservoirs 2 - Of seasonal variations in external ‘phos-

- :F-.l T . - Phorus loadings, which.would tend to be.

& € B I R R 256 =0 o . lct'cr during the surmer in impoundments

. Po.mm AVEREGE QUTFLON pmSmﬁs ccucsmam:n.-unq.m’l Condr ..ted by non-po:l.nt sources but re-

Figure 3: Relationship Between .Median,
Summer, Impoundment Phosphorus . and .
Annual Outflow Phosphorus.Concentra tions

la.tz.vely c¢onstant with season in _n:»ound.m..nts dominated by :::omt sources. Internal

. phosphorus loading resulting from bottom sedmant releases may also influence seasonal

variations in phosphorus levels. Specific data on . outflow withdrawal levels in

- reservoirs are needed to test for the possible effects of low-level outlets, whq.éh

tend to release relatively enriched waters and thereby influence both phosphorus

' trapping efficiencies and outflow phosphorus/lmpoundment phosphorus relat:.onsm.ps.
CHLOROPHYLL-a MODEL ' ' o

‘The third part of ‘the analytlcal framework depicted in Flgure 1l is the re-'-
lationship between impoundment phosphorus and chlorophyll-a levels._ Based upon

. Qata from northern,- phosphorus-l;mlted 1akes. Dlllon and. R;gler (1974b) obta&ned'
-i~the followlng result- . .

. 1og10 B o= -1 14 + 1, 45 1og10Pv (rz = .92, S.E.E. = .22) 0 (5)
. Where: . | . T .. N
B = mean summer chlo:ophyll-a (mg/m3) e ' o i'i.?_f' '




Nearly zdentzcal slopes (1.45). have been derived elsewhere using data from dif-
ferent sets of northern lakes and based upen summer rather than spring total
phosphorus concentrations {Jones and Bachman, 1976, Walker, 1978). The slope of

. the B versus Pg relationship in these impouncments is 0.87 ¢ .10, significantly
different fron 1.45.  Even when fourteen, possibly nltrogen-limlted impoundrents
{N/P < 12) are removed {as done by Dillon and Rigler), equation (5) under-predicts
chlorophyll-a levels slightly at low phosphorus levels and over-predlcts substan~
tially at high phosphorus levels.

A series of multiple regression analyses has been done to test for p0551ble
‘effects of limiting factors other than phosphorus. The ratio of average outflow
nitrogen concentration to average outflow phosphorus concentration has been in- .
. cluded as an independent variable to test for nitrogen limitation. ' The effect--_ i
is apparently insigpnificant in all but two impoundments, both of which have N/P
ratios less than 9. This is consistent with EPA/NES bioassay results. Because two
data points do not provide an adequate basis for estimating model parameters de-
scribing effects of nitrogen limitation, these two 1mpoundments (one lake and one -
reservoir) -have been excluded from the analysis. . _

Secchi depth measurements have been used to. provide an estrmate of llght ax-
tinction due to turbidity and/or color in each impoundment. Secchi depths are
influenced partially by chlorophyll-a concentration because of light extinction
by algal biomass. The following model has been derived from Secchi depth, light
extinction, and chlorophyll-a concentratlon data from mldwestern 1mpoundments
(Meta Systems. 1978) .

‘1.66 . . Sl L ]

wnere,'

E = v151b1e light’ ext;nctzon coeff;crent (m )

Zg = Secchi depth (m) ' :

o = light extinction dus to water, d;ssolved oolor, and non-algal suspended

SOlldS (m l)r

This ‘agsumes thit the Secchi depth is. anersely proportlonal to the llght extlnc~
tion coefficient, which, in turn, is a linear:function of chlorophyll-a. Solving
'-equatlon (6) for a and substltutlng measured ZS and B values" ‘provides and anproxl-I.“

- mate estimate of non-algal turbrdltv and colox in each impoundment. This variable has .

been included as a test for possible. algal ‘growth limitation by light and/or the ei-
- fects of particulate and colloidal materials, which may render a portion of the. total

':_phosphorus measured in each xmpoundment unavailable to support algal growth.

Mean depth and surtface overflow rate have also been included as independent. var— -
dables in the regression analyses. The former may reflect an influence of l;ght o
limitation since the depth-averaged light intensity in-a totally-absorbing water o
- column is inversely proportional to depth. Overflow rate has been included as a
. test for possible lmportance of flushing as a controlling factor. - DS

The results of regression’ analyses. performed using data from 22 lakes, 26 reser-
voirs, and both - groups -combined are sunmarlzed in Table 2. Because the data tend ,
to be lognormally distributed, logarithmic transformations have been used for the-

- variables B, Pg, and 2. Based upon examinations of partial - residuals ‘plots for
‘alternative var;eble transformations, linear. forms of o and Q. appear to be the
mast appropr;ate. The standard regression coefrlc;ents (Dixon and Brown, 1977) may
‘be taken as approximate measures of the relative. explanatory power of each inde-
pendent varrable.' When both data groups are comblned, each regresslon coeffrcrent




. . TABLE 2 .
- Statiscics Derivod £tu= chlorcphyll-a Regrassion ﬁnalyses

Data Group
Yariable Hatural fakes foservalrs Both
———wmaeafegression Coefficients -
. Intercept -,256 -490 ' 070
1oq1° . 1.103 = .121% .875°% ;189 1.032 = .104*
-.055 * .05 -.231 £ ,03g* - -.164 = 031"
qu1° =219 = 154 =.586 = .193+ -.435 % .131*
Q. -,0049 2 ,.0010* -.0007 £ ,0013 - =-,0036 = .GOIlf
- : —=-Standard Regression Coefficientg—e——wauaac
10910 1.015* .660* .938* '
s . R
o L =.094 -.801* -, 419*
log, o2 -.149 -.426* -.301%
.Q. o . =.408* -, 065 -.298*
: Regression Statistics _ .
N o 22 26 48
# .28 .742 .836
SQEoBvb . . .133 . ‘1‘3 0156

*Coafficient Significant (p<.0l)
Apredicted Variable = base-10 log
concentrarion (mg/:n ¥

arithm of taan summer chlorcphyll—a

bs.g.g2. = st:andard Error of Estimate (basc 10 logarithm)

.is statlstlcally s;gn;flcant (p < 0 01)

When the data set is stratified according

to "impoundment type, the coefficients reveal a contrast in lake versus reservoir

behavior.

Regression coefficients vary significantly across data groups (p=0.02%9).
The quality of the fit in lakes is somewhat better than in reservoirs, but both are

superior to the Dillon and Rigler model, as- gauged by the standard error of o

estimate.
ate sets of coefficients for laxgs and

2 et e -
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Figure 4;
Lo Chlorophyll-a

Observed versus Estimated

Observations are plotted against predlqyzons in Figure 4, usxng separ-

reservolrs._

Results suggest an meortance of
'nhosphorus and flushing in controlllng
chlorophyll-a levels in lakes, while
shosphorus, non-algal turbidity and
color {a), and depth appear to be most

~ important in reservoirs. These results
_ are consistent with a hypothesxs that
light is more important as a controlllng
factor in reservoirs than in lakes.
. Average a values in these data groups
‘are 1.68 m~L and 0.84 m~}, and, as dis-
-cussed above; may represent influences

of turbidity-on licht penetration and/or._

-~ phosphorus | avallabxllty, although we
cannot separate these effects without =
‘additional information on the distri-
bution of phosphorus among. various frac-
tions (e.g., dissolved and particulate).

. The apparent significance of overflow
' rate as a limiting factor in lakes but



lCHLOSCPnYU.-0.mg/rn5

'. | : o : : om

not in reservoirs may be due to surmertime withdrawal of primarily epilimnetic
waters in lakes versus primarily hypolimnetic waters in some reservoirs. Flushing
would be a more important algal removal mechanism in the former since growth occurs
chiefly in surface waters. Specific data on reservoir outlet levels are needed to
further study this relationship.

.While a theoretical basis for 1nc1ud1ng each of the above terms in the regressicn.
analyses has been presented, the results of the analyses do not neCessarlly prova
or disprove the hypothesized causal relationships. Because of correlations among
these factors and because the sirple linear or log-linear models assumed are not
mechanistically realistic, it is tenuous to accept the results of these analyses
as proof of mechanisms. (Blalock, 1961l). Results should be considered as sug- -
gestive rather than conclusive regarding causal relationships. In future work,
it would be useful to test some more theoretically based formulations of the
above model. Some initial attempts along these lines are discussed by Meta Systems
(1978). The results presented here serve primarily to point out the possible. im-
portance of factors other than total chosphorus in controlllng chlorophyll a levels
in lakes and reserVOlrs in this region. :

DEPTH . _
. : ' - o FPigure 5: Control Pathways
. \ :
séﬁfhgzra/sauneumm_.Jﬁgggfgqssgf_m;-;g;h . ~ For Chlorophyll-a Concen-
. - _ . . tratioms. :

. PLUSHING _ - e —» CHLOROPHYLL=A

INFLOW IMPOUNDNENT___ PHOSPHORDS
PHOSPHORUT 7 TRAPPING === 0sprorus ~TavalLABILITY

CONCLUSIONS

Based upon the results of the above analySLS. Flgure 5 deplcts what appeéar to
' be important pathways controlling algal growth in lakes and reservoirs in this =~
region., DPrevious enpirical efforts at eutrophication modeling have been based
primarily on data from northern, natural lakes. These models appear to be inap=- .-
propiate for Corn Belt impoundments, possibly’ because of the influences of sedi-
ment loading on phosphorus trapping, phosphorus ave;lab;lity, and light penetra- -
tion. The generalley of these results needsto be examined in other geographxcal .

_e';r391ons. Differences between lake and reserv01r behavior wlthln this region may
" be attributed partially %o differences in sedimentation rates, Possible influences

of hydrodynamic ‘factors have not been examined in detail here but should be in the
future in order to provide a better basis: for applylng these types of models to
reservoirs. Some lmportant 1mpllcat10ns with regard to the potential effects of
. erosion control practices on.impoundment ent:ophlcatlon are discussed by Meta.
--Systems (1978). - These empirical results indicate that theoretical approaches to .
‘modeling the eutrophication of these impoundments xnvolv;ng elaboraté spec;fzcatlon
-of phytoplankton dynamics will not be successful unless sedlment dynamlcs and in-
- £luences are properly understood and represented. ' :

. mmm..ncarazm :

The wozk described in thls paper was suppcrted b; a grant to Mata Systems frOn
. the Athens Env;ronmental Research Labcrato:y of the U.S. Envxrenmental Protectzon.
o Agency. : o . . : : : :
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