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Limnological characteristics of Lake of the Ozarks, Missouri II:

Measurements following formation of a large reservoir upstream'

Joun R. Jones and Magk S. Karser

With 1 figure and 2 tables in the text

Introduction

In this paper, the limnological characteristics of Lake of the Ozarks, Missouri, during summers
1980—1986 are assessed and compared with measurements made during 1976—1979 (Jones &
Novak 1981) to determine whether changes have resulted from construction of Truman Lake —
located on the Osage River immediately above Lake of the Ozarks. Our working hypothesis
throughout the study was that creation of this reservoir-series would cause Lake of the Ozarks to
become less turbid and, with more light, more productive.

Site description and methods

Although Truman Lake (surface area =22,510ha; volume = 1.5 x 10°m?®) was filled in De-
cember 1979, water was impounded at lower elevations starting in summer 1977 (CRUNKILTON et al.
1980). Discharge from Truman Dam is controlled by a weir that directs surface water (average
depth = 5m; in summer 1983 this zone was oxic) over a spillway or through turbines to Lake of the
Ozarks (surface area = 24,100 ha; volume =2.4 x 10°m?®). The difference in elevation between
these two water bodies when both are at pool stage is 14 m.

In this study, data were collected at the same six sites on Lake of the Ozarks as in JoNEs &
Novak (1981, Table 1; see that paper for map). During 1984—1986, data were also collected from
two additional sites in the former Osage River channel to better describe the gradient of conditions
downreservoir. These sites were located four-tenths (Station 2.4) and seven-tenths (Station 2.7) of
the distance between the station near the dam (Station 2), and sampling site upreservoir on the
Osage Arm (Station 5). Replicate samples were collected from surface waters at each station on
three or four sampling dates each summer between late June and early September.

Methods were given in Jones & Novak (1981) unless noted otherwise. Total nitrogen was meas-
ured by automated block digestion (Warr & GeHrkE 1975) in 1979 and 1980 and by persulfate diges-
tion (D’ELia et al. 1977) followed by cadmium reduction (USEPA 1979) since 1983. Chlorophyll-a
(CHLA) was extracted in acetone/dimethyl sulfoxide (Staurrer et al. 1979) and estimated by fluo-
rometry (Knowrton 1984) during 1982—1985. In 1986, chlorophyll-a was extracted in ethanol
(SarTORY & GROBBELAAR 1984) and estimated by fluorometry (Knowrton 1984). These methods
were found to give comparable results in analyses beforehand. Alkaline phosphatase activity was
determined by the spectrophotometric method of Heatx (1986); all activity was attributed to
phytoplankton.

Statistical analyses of the variables considered in this study involved construction of linear, addi-
tive models to predict the expected value of limnological characteristics in Lake of the Ozarks.
These models included the factors: (1) period (two levels, pre- and post-Truman lake), (2) station (six
levels), (3) interaction of period and station (12 levels) and (4) hydrology (continuous variable). In-
flow data were included as a covariate because Jones & Novak (1981) cautioned that water quality
varies with inflow; therefore, a simple comparison between data from pre- and post-impoundment
periods would not be adequate to interpret whether Truman Lake has affected Lake of the Ozarks.
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Such models were developed from daily measurements of limnological variables combined with 15-,
20-, 25- and 30-day inflow averages as the hydrological covariate and seasonal averages combined
with June—July and June—July—August inflow values as the covariate. The resultant models for all
data sets were identical in the significant factors included and the ordering of station, period, and pe-
riod by station means; P-values reported in the text were calculated from the data set of daily
values combined with 20-day average inflow as a covariate. These models were appropriate for the
data, and statistical assumptions were checked (MILLIKEN 8 JoHNsoN 1984).

Although the interaction of period and station factors was not a significant component of any
model tested (0.32 < P < 0.85 for chlorophyll, phosphorus and Secchi depth models), models
which included an interaction term were run to calculate mean values for station-period combina-
tions. These means were examined for consistent patterns of differences.

Interpretation of P-values (the probability that a calculated test statistic is at least as extreme as
that actually observed if the null hypothesis is true), is that they provide an inverse measure of the
strength of evidence against the null hypothesis. In the text, we use the term significant to reflect a
P-value of less than 0.05 in the usual sense. Because the statistical tests we conducted were not inde-
pendent, we also consider P—values between 0.05 and 0.10 as providing moderate evidence against
the null hypothesis, and give attention to consistent patterns in station differences throughout the
analysis.

Results and discussion

Seasonal mean values averaged by station for the period before and since filling of
Truman Lake are similar (Table 1). Although the Osage River no longer enters the lake
directly, the longitudinal gradient of TP concentrations, inorganic suspended solids and
water clarity from the headwaters to the dam measured in 1980—1986 is of the same mag-
nitude as in the earlier study (Table 1, Jones & Novak 1981). Values of phosphorus and
suspended solids are higher and transparency is lower in the riverine reach of Lake of the
Ozarks (Station 6) than in the surface waters of Truman Lake (Table 2). We believe input
of water to Lake of the Ozarks via Truman Dam is sufficient to scour unconsolidated
materials from the former Osage River channel and results in water quality characterized
by high values of inorganic suspended solids and poor water clarity. The CHLA : TP
ratio is generally lower here than in Truman Lake or elsewhere in Lake of the Ozarks.
But, in contrast to the previous study, CHLA and TP data in all but one season (1981) fit
within the confidence of the empirical relation for these variables (Jones 8 BacHMANN
1976) — in the previous study values from this site were usually below the lower con-
fidence limit. The exception is a year of high inflow when CHLA : TP ratios are lower
throughout the reservoir. Higher CHLA : TP values (P <0.001) in this reach suggest
conditions have changed. Nutrients may be more available and light may be more
favorable for algal growth. Also, this reach now receives lake phytoplankton from the
upper reservoir, which may bé better adapted to growth while in transit downreservoir
than river-born algae (SoBALLE & BacHMANN 1984) that entered the lake during the earlier
study.

At the lacustrine sites (all stations except 5 and 6) nutrient values and algal biomass
were typical of mesotrophic conditions, and concentrations of inorganic suspended
solids were moderate (>80% of the daily values were <3.6mg - 1%, the median value
found in a broad range of midwestern reservoirs, unpublished data). At these sites, algal
biomass largely determined water clarity; the Seccur and CHLA data fit the empirical re-
lation for these variables found in waterbodies with low inorganic turbidity (Jones &
BacumanN 1978). The CHLA and TP data also fit that empirical relation (Jones &
BacuManN 1976). The Niangua Arm (Station 4) was generally the most fertile and least



VI. Man-Made Lakes

978

$OI ¢ F TOI ¥ F Ol +F +6 ¢ F 66 SE UL +F 9L + ¥ 68 € F 601 ¥
86 TF 9% yF €O T F 06 TF /6 TF O TF 00l §&7F 98 ZF 101 €
96 I ¥ <6 €F 00T 1 F 68 TF €6 I ¥ /6 I F 6 SF v6 I ¥ /6 1
6 TF T SF¥ 8% 1 F 8 I F 46 TF L6 TF 06 L F 98 1 F 6 r4
- - yF WL 1 F 68 CF 66 - - - - ¥ tF00ED
- - yF OWOT T F 06 TF 16 - - - - Yard (18w se
6 TF S TF WL TF 88 TF 66 TF 0L TTF 0L €F 8 ¥ F 101 < Aupeype
W0 € F 8 TF 0L T F O TF 9% €F €I O0F SOOI €F € S F 6l1 9 [elo1,
- P00 FOSO  £00 F9S0 TII°0 F8SO 800 FI990 900 F6£0 - - TI'0 FLbO ¥
- GO0 FLSO 700 FICO HO0 FESO 800 F650 600 FO80 - - 070 F€L0 ¢
- €00 FOFO T00 F6ZO 100 F9¥0 OI'C FSHO 800 F9¢0 - - 00 FL0 1
0T 900 FOS0O 00 FHZTO SO0 FI90 800 F¢S0 IO FIHO - - §T0 FOLO 14
- - 700 F6TO L00 FH90  TIO FHLO - - - - ¥'T
- - €00 FSE0 600 F8SO 600 FI8D0 - - - - s -[-8w
71 GO0 FS90 TOO FSSO IO FIYO €10 FO8C 600 F59°0 - - €10 F£90 S usdontu
S0 800 F/90 L00 FO90 OI0 FE€EO 670 FLT #10 FES0 - - TI'0 F£50 9 [0,
£ TE T 6CC ¥TF 9L 98 F 8SE 8O0 TF YT 0L F €IE T FYE L9 Fres 80 F T8I ¥
667 LT FO6L CTFOIL Vv F L 6T F T ST FTIE S8 FOVE 88 Freb IT F §II 3
Sz ST T 9IC ST TF6EST 97 F 01T TTFTL €4 FCECC  ¥8 FL8 +9 IO 61 F €41 1
1€ O0ETF6ST 6T FLL SCTEEC TEFCW 66 F b VL FC8C 8UFOL  §T F 941 z
- - 0% F 0€T 9€ F L0E S F 98¢ - - - - ¥z
- - €O F TL OLF LSE 08 F 9¥¢ - - - - Yirs - w. 3w
9% ¥y F Yeér IV FSSH CTIF L6h 86 F TS  TCF 89 /L9 FOSK LL FE€98 ST F OST S snioydsoyd
6 9SS T L4 L9FOI9 TLTFOL  CHIF L68 1P F T8 9PIFESS  T/FCEIL 6¢ F G6b 9 [eo1,
64619261  9861—0861 9861 6861 861 €861 7861 1861 0861 uonelg Jayewrere

WY QG] INOqe ST We(] UBWnI] pue
we(] [Pudeq usom1aq 2IULISIP YT, "W p§ — § UONEIG Wy enJUeIN fuIy $¢ — ¢ UONPLIG WIY SZIB[S) PUBID ‘WiY §] — [ UONEIG WITY STOAEID) ‘WY 9'] —
7 WONEIS ‘WY 67 — $°7 UOTILIG ‘WY ¢ — /°7 UOLIG ‘W 79 — ¢ UOIILIS ‘UIY $6 — 9 UOTRIG Wy 33es() 27 we(] [[PUSeg PUE SUOMEIS Y1 UI/419q OUEISIP
arewrrxoxddyy *AO[[OF SULIE JOUTW U1 WOJJ BIEp LII0AIISAT STY1 UT Justpeld [eutpnuduo] 9Y1 91eL1suowap 153q 03 ure(] [[2uSeq 01 sI21eMpeay 271 WO} Uon
-£20[ JO 19pJ0 ut uonels 4q paduelre are wiry 23esQ) Yy woIy vie(J "UostTedwod J0§ paPNOUT 23e (1861 AVAON R SINO[) SUOIIRIS SUres 2Y1 JOF /61 —9/61
Suump sonea UL "986] —086[ SIourwns JuLmp syIeZ() 9Y3 JO IXE] TI SUOIIEIS I¢ PIINSLIW s1219tuesed 10§ UL 3Y1 JO JOLID PIEPULIS PUE ULdIA '] J[qe],



979

J. R. Jones & M. S. Kaiser, Characteristics of Lake of the Ozarks

- E0F8T LOFHVT TIFECT LOFOC 90 F 0T L0 6T O1 FSF 40 T O1 v
T l0FTT O TOFIT LOFTT TOFET SOF 61 O F6T $0 FHE SO F 41 €
- E0FET  TOF60 TOFIT VOFIS TOFCTI  IT KT SO F6T <0 F 60 I
- TOF8L TOFOL SOFET  SOFCT  LOFYL 60 FIS +0 FE€T €0 F 80 z
- = TOFOT 90F €T b0 FCT - - - - vz
- - ¥OF LT 80 F 8T 80 F 8T - - - - Vo -] 8w
- CLFRS TTF8Y CTFEY O ITFCY S0FIE 60 FLb 19 FSEL €0 F g1 ¢ spijos papuadsns
- 0TF8NL 9CFO6 OTFOU LT F L6 9CF €U Th FIST I'6 F€ST 77 F 78 9 Sruedrouy
P TOF T TOF 8T TOFTI TOFHL  €0F LT TOFHT 10 FL0 10 F /1 b
£ TOF LT TOFVT TOFHT TOFOCZ  TOF LT TOFET 10 FOT 7O F 61 ¢
e 10%0C TOFeET TOF 9L SOFST TOFIT €0FCT 10FCT 70 F 07 I
0c T0F0T TOFET T0F /LT W0FST €0FOC €0FSCT 70FIT  €07F Iz 4
- - TOFCT TOFECL €0 F L1 - - - - v'T
- - TOF®L €0FTI  TOTFCI - - - - Ve w
¢l T0F 01 TOFOT TOFOT TOF60 I0F4HT 70 F60 I0FS0 70 F ¢f ¢ Aousredsuen
§0 €00 FS0 TOFCEO TOFHO T00F €0 [0 F 90 €00 FSO 10 F€O 10 F 90 9 MSIp HODIg
89T 6F 69T 6F SOf FF T 9F 9T IIF 0§ - OIF ¥z 8 F it ¥
€9 8 F S9T LF 006 ¥ F IEL 6F 0T CIF 0¢ - YIF &T O0IF  lIg €
8¢ L F 99T L F 662 TTF €L ST ST IIF 687 - UTF 4T 0IF 80¢ I
192 8 F 197 OIF € 9F 0 % F ST OIF 067 - ST 0T 9 F L0¢ z
- - 9F 80 9F ST T F 6 - - - - VT st
- - 9F 80€ TTF ST T TF T - - - - £T up/soquontw
9 6 F 89T IIF 9T 1 F 8T T TF €T 8 F O0l¢ - UF v SIF e ¢ ooueldnpuO)
067 €1F ¥/Z  TF ¥6T 9 F 1SC  IIF 0ST  OIF 9T - LF 00T TIF € 9 oryradg
¢8  T0OF €8 CTOF8L TOFGS T0FC8 T0OF4#H8 10 FHS 70 TH8 10T 28 ¥
8 T0OF €8  €0F 8L TOFSS TOFHS T0F S8 O FSS 0 FS8 10T I8 ¢
T8 10 F €8 0F 8L TOF /L8 T0¥98 T10F €8 ¢0FS8 TOFHs 10T 78 !
€8 TOF €8 T0F9L TOFT8 TI0OTFH8 T0F98 T0F9Y8 70 Frg 10F 28 z
- - TOF8L TOFECS 10T I8 - - - - vz
- - TOFI8 TOFCSES  TOF S - - - - [T
18 JOF78 TOF8L T0FS8 TOFHS COF €8 10FC8 70 F08 10T 28 S
8L 10 F 62 0F €L TOFI8 TOF6L T10F 6L €00 F08 70 F8L 10 F 87 9 Hd
6461—9/61  9861—0861 9861 <861 861 €861 861 1861 0861 uonElg Jorewrere ]

“(panuniuod) “1 aqe].



VL. Man-Made Lakes

980

86l ST F T8 9T F €ST $9F 6ST LT F L8 6T F SST 21 FI'tz 0¢€ TOSL 60 F 901 ¥
O¥l 9T F $91 61 F L0l v+ F 800 8T F 0/l +T F LTl 8S FSO0E 7T F9+4I 80 T 96 3
8IT ¥ FOCL SOF €9 80 F 06T LT F6IL 8TF LY Tk F8ST ST F90I €0 F 74 I
SOL 9T FI¥L LOF L9 +$TFSA OLFHel 8T F6€T €9 F1'62 27 FC1L 1 F 16 z
- ~ 6T FTIL ¥TFI6l 80 F L1 - - - - ¥T
- - 60 F 8Tl 0§ ¥ TIZ 87 F 06l - - - - LT
97 €T F 9L €CF LOT 86 FTOT O€FS6L Ly F OV 9T FOLU 1T FL9T  §T F Tl S ¢ w. 8w
TYl TTFUIZ OCF 181 ST F 061 8v FTI 4 F 0V 60IFSSE €7 TSI 9€ F L2 9  edydoroyy
- TOFTT CTOFS&L €OFC€T €OFOCT <TOFST 10FST S0 FET €0 F €2 b
- TOFTT €OFECT VYOF6I TOFLI  LOF 9T €0 FHT SO FST 10 F €1 ¢
= TOFTIZT TOFTIT CO0OFCCT TOF9CT TOTF 6L S0FCT €097 10F1C 1
-~ TOF®L TOFOT TOFIT T0FE€L €OFOT SO FHT #0F9C €0 F 0T z
- - €OFLT OTOFST TOFCT - - - - vT
- - TOFST €OFSEL 6§07 8T - - - - [T (1- 8w
- €0FCST E€OFST SOFIT COF6T 90FCTe¢ TOFST €1 FIb €0 F 8¢ ¢ sprjos pspuadsns
- SOFE€F TTFTS TOFLL OLFSS €0FSE I FCH ¥IFOS 90 F 9¢ 9 oruedi
6461961  9861—0861 9861 5861 861 €861 7861 1861 0861 uOnIEIS Tareurere g

“(penuniuoo) 1 a[qey,



J- R. Jones & M. S. Kaiser, Characteristics of Lake of the Ozarks 981

Table 2. Mean values of limnological parameters in the surface waters of Truman Lake near Truman
Dam during summers 1982 and 1983.

Parameter 1982 1983
Total phosphorus mg - m~3 50 28
Total nitrogen mg - 17! 0.72 0.74
Inorganic suspended solids mg -1~ 34 27
Organic suspended solids mg - 17! 1.8 1.6
SECCHI transparency m 1.2 1.6
Chlorophyll-a mg+m ™3 21 13

transparent of the lacustrine sites, in part because this arm receives the greatest inflow of
domestic wastewater. Water quality at Station 5 (Table 1) was intermediate between the
riverine area (Station 6) and lacustrine sites.

While the downreservoir gradient was similar from summer to summer, values at all
sites varied in relation to inflow. Coefficients of correlation from 0.63 to 0.88 were cal-
culated for relations between inflow and various water quality variables. Concentrations
of TP and inorganic suspended solids were lower and transparency measurements were
greater in dry years (1980, 1984 and 1986) than years of high inflow (1981, 1982 and
1985). Conservative parameters like alkalinity and specific conductance were inversely
related to inflow, but showed only a slight downreservoir gradient (Table 1).

After adjusting for differences in seasonal inflow, we found a 25 % increase in CHLA
(from 13.4 to 16.7 mg - m~?) and a 26 % decrease in TP (from 49.7 to 38.9mg - m~?) be-
tween the two study periods. These changes were most pronounced at stations along the
Osage channel, which were most directly affected by the new flow regime. The evidence
was significant upreservoir (stations 5 and 6), moderate near the dam (Station 2) and mini-
mal in the minor arms (stations 1, 3 and 4). These changes resulted in an overall increase
of 46% in the CHLA: TP ratio (from 0.36 to 0.53, P <0.001) during the new flow re-
gime. We also have examined the CHLA : TP ratio in several Missouri reservoirs with
water quality similar to Lake of the Ozarks, using these same methods over the same
study period, and found no change in the CHLA : TP ratio in them (unpublished data).
From our analyses, we concluded that the increase in CHLA : TP is not an artifact of the
methods and that Lake of the Ozarks is now more productive.

Inorganic suspended solids were not routinely measured in the earlier study, so we
could not directly test for a change. Indirect evidence, however, suggests values have de-
creased. There is a negative relation between CHLA : TP and the concentration of in-
organic suspended solids in this water body (r = —0.59, N = 54 seasonal means during
1979—1986, P <0.001) and others in the midwest (Hover & Jongs 1983). High concen-
trations of inorganic suspended solids decrease the expected CHLA values per unit of
TP. The measured increase in CHLA : TP in this reservoir, therefore, indicates a possible
reduction in inorganic suspended solids. Also, while Secchr transparency has not
changed (P >0.7), the Seccrr: CHLA ratio has decreased significantly (from 0.20 to 0.12,
P <0.001). Both algal biomass and inorganic suspended solids are inversely related to
water clarity, but factors controlling this relation are complicated (Epmonpson 1980,
PreisENDORFER 1986). Simply stated, attenuation of light depends on the number of par-
ticles and their surface area. In this lake, an increase in algal biomass (based on CHLA
data) with no change in transparency suggests a concurrent decrease in inorganic sus-
pended solids. We do not have data to test this hypothesis directly and recognize that
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changes other than a reduction in the mass of suspended solids could also explain our
measurements. When taken together, however, the CHLA : TP and Seccur: CHLA data
point toward an overall decrease in inorganic suspended solids in Lake of the Ozarks.

Our data set for nitrogen was incomplete, so we could not test for a change between
periods. In 1979 the reservoir was nitrogen-rich. Seasonal mean values ranged from 1.2 to
3.1 mg - 1=! and ratios of TN : TP indicated the reservoir was P limited. Data collected in
the later study, however, indicate this element may limit algal biomass at some sites.
There is a general trend for seasonal mean TN : TP ratios to increase downstream. Values
were usually > 17 at the lacustrine sites, suggesting that P limits algal biomass (Forsser
& RypinG 1980). Alkaline phosphatase data, used to assess the P status of phytoplankton,
also supported this hypothesis (Fig. 1 ). In 1984 and 1985 alkaline phosphatase values,
normalized for chlorophyll-a, increased downreservoir. Erser & Kmvmer (1985) found a
similar within-reservoir transition in P deficiency. Inflow to the reservoir, and pre-
sumably nutrient supply, during summer 1985 was over twice that during 1984. Alkaline
phosphatase values reflect this differences — values indicate phytoplankton at all sites
was more P deficient in 1984. In addition, TN : TP values were higher in 1984 indicating
a greater potential for P limitation. Temporally, values were inversely related to inflow
during both summers (Fig. 1 b). :

In the earlier study low CHLA : TP values at the riverine site (Station 6) were at-
tributed to high turbidity, low light and short residence time (Jones & Novak 1981). But
low values measured during the later study may, in part, result from N limitation.
Seasonal mean TN : TP values at this site ranged between 8 and 12, and the CHLA : TN
ratio was near or exceeded the upper limit for these variables measured in lakes with a
broad range of TN values (Forssere & RypinG 1980). Both of these ratios suggest N

(1)

a 1984

(AVG/ %) 3lvH ONHSN

g ]
N

; 5 2:7 24 é 1 3 4
STATION

Fig. 1. Left panels: Mean and standard error of alkaline phosphatase activity values normalized for
chlorophyll-a (relative units) in surface water algae at stations in Lake of the Ozarks during summer
1984 and 1985. Right panels: Alkaline phosphatase activity values normalized for chlorophyll-a (rel-
ative units) in surface water algae at Station 1 on sampling dates in 1984 and 1985 (solid line). Also
plotted is the daily hydrologic flushing rate (dashed line) averaged over the 15 days prior to sample
collection. Values averaged over 5, 10 and 20 days prior to sample collection show a similar pattern.
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deficiency. The CHLA : TN ratio was also high at the lacustrine sites when the seasonal
TN : TP ratio was <17. Among all sites relation between CHLA : TP and TN : TP was
positive (r = 0.49, n =36, P <0.01) which was consistent with the findings of Smrta
(1982).

Conclusions

Based on input-output models (VorLENWEIDER 1975) and studies in other reservoirs (GLoss et al.
1980) the external loading of nutrient and inorganic materials to Lake of the Ozarks should be
lower with Truman Lake upstream. Processes acting on impounded Osage River water — such
as nutrient uptake by algae and sedimentation of particulate materials — now take place in Truman
Lake before surface water from that reservoir enters Lake of the Ozarks. Lower TP concentrations
in the post-construction survey, especially at sites along the Osage Arm, suggest decreased loading
of that element. Higher CHLA values suggest the lake is more productive despite the reduction in
TP, the limiting element at most sites. Indirect evidence suggests that conditions are more favorable
for algal growth because inorganic suspended solids are lower. A downresevoir gradient in water
quality dominates the limnological characteristics of this reservoir, as in the earlier study and in
other mainstream reservoirs (SoBALLE & BacHMaNN 1984, Erser & KimmmeL 1985). This gradient is
now caused by scouring processes in the former river channel after water passes from Truman

Lake.
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