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Stream-Watershed Relations in the Missouri Ozark Plateau Province’

MILES M. SMART, JOHN R.JONES, AND JEANNE L. SEBAUGH’

ABSTRACT

Water chemistry and algal chlorophyll values in Missouri Ozark
streams were more strongly related 1o land-use practices on the water-
shed than bedrock geology or svil association. In general, concentra-
tions of nutrients, chlorophyH, and most major ions were lowest in
streams draining forests, intermediate in streams draining pastures,
and highest in streams draining urban areas. In streams draining both
forest and pasture areas. there was un exponential increase in the con-
centration of total P, total N, NO,-N, Na', CI", and suspended
chiorophyil @ with an increase in percent pasture area on the water-
shed. These relations help identify the relative importance of land use
on water chemistry and algal chlorophyll values, explain differences
among streams in the region and enable us to approximalte the impact
of forest-pasture conversion on streams not yet affected.

Additional Index Words: land use, water chemistry, algal chioro-
phyll.
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Watershed characteristics in the Missouri Ozark Plateau
Province were examined to determine how land use
practices (urban, pasture, and forest) and edaphic
factors (bedrock geology and soil type) were related to
water chemistry and algal chlorophyil values in streams
of this region. The study was conducted because ex-
tensive tracts of forests in the Ozarks have been con-
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verted to pastures and urban area with unquantified
effects on the streams. Our working hypothesis was that
differences in limnological characteristics among
streams could be related to differences in land use on
their watersheds. This hypothesis is based on recent ad-
vances in stream ecology that have demonstrated that
chemistry and productivity of streams are related to
watershed characteristics and that land use can have a
major effect on water quality (e.g., Likens et al., 1977;
Hirose & Kuramoto, 1981).

METHODS AND MATERIALS

Twenty-one stations on 17 streams in an 1} county area of the
Missouri Ozark Plateau Province were sampled from June 1978 to
September 1979 (Fig. 1). Watersheds and strcams were selected to
represent the range of water quality and watershed conditions found
in this region. Nine strcams drained watersheds that had a uniform
land use (either urban, pasture, or forest), bedrock geology, and soil
association (Table 1). Each of the other 12 watersheds were composed
of various combinations of uiban, pasture, and forest areas that were
94 10 100% of a watershed (Table 2); remaining areas were primarily
used for small-grain crops (e.g., winter wheat [Triticum aestivum L.]
or oats [Avena sativa L.}, but not row crops). Pasture and forest areas
on the 21 watersheds ranged from 0 to 100%. Urban areas, however,

Table 1. Land use, geology, and soil associations of single
Jand-use (reference) watersheds in the Missouri Ozarks.

Land use on Bedrock Soil Area
the watershed geology associationt (km?)
Urban 1 Limestone vp 87
Urban 2 Limestone VP 11.2
Urban 3 Limestone VP 19.2
Forest 1 Dolomite CL 11
Forest 2 Dolomite CL 10.7
Forest 3 Dolomite CL 12.3
Pasture ] Limestone VP 2.8
Pasture 2 Limestone LC 5.8
Pasture 3 Limestone ) LC 3.4

+ From Scrivner et al, 1975. VP = Viration-Wilderness-Nixa-Clarksville
and Pembroke-Wilderness-Goss: LC = NoedleyeViration-Wilderness.
Clarksville and Bado-Lebanon-Wilderness-Clarksville, CL. = Lebanon-
Wilderness-Clarksville-Goss-Bardley and Hobson-Coulstone-Clarksville.
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Fig. 1. Streams and watersheds in Missouri’s Ozark Plateau Province.

point-source inputs of wastewater within the sampled reach of these
streams.

Water was collected at middepth in the thalweg. Analyses were con-
ducted within time limits specified in USEPA (1974) by the methods
given in Table 3. All stream variables except temperature, turbidity,
dissolved oxygen, alkalinity, and Ca were positively skewed and

Table 2. Area, Jand use (as percent), and mean concentration of water chemistry variables? in streams draining watersheds
with several land uses in the Missouri Ozarks, summer 1979.

Sampling location

North

Area, James James Finley Finley Fork, BigPiney Big Piney Big Piney
land use, River, River, Creek, Creek, Bryant Spring  Potters White River, River, River, Gasconade
and variable site ] site 2 site 1 site 2 Creek Creek Creek River site 2 site 3 site 4 River
Area, km? 451.3 750.1 448.2 582.8 1165.3 303.1 38.3 486.1 544.6 1220.9 1679.5 1663.3
Urban, % 0.7 8.9 1.2 14 0.2 0.1 0 G.1 3.0 14 4.1 0.4
Pasture, % 62.1 65.5 70.3 739 334 13.6 34.1 39.8 49.3 338 27.6 55.4
Forest, % 37.0 24.4 24.1 20.6 65.5 86.3 59.9 59.4 45.6 63.5 67.2 40.3
Total P, mg’L 0.039 0.054 0.029 0.065 0.025 0.016 0.014 0.019 0.031 0.027 0.058 0.039
Total dissolved P, mg'L,.  0.027 0.031 0.018 0.049 0.010 0.012 0.008 0.013 0.019 0.018 0.047 0.025
Total N, mg/L. 1.94 2.56 1.79 2.03 1.18 1.29 1.14 1.41 1.74 1.11 1.42 1.34
NO,-N.mg’L 0.45 0.79 0.52 0.62 0.22 0.21 0.23 0.17 0.20 0.14 0.16 017
NO,-N. mg’L. 0.01 0.01 0.01 0.01 0.01 -3 0.01 0.01 0.01 0.01 0.01 0.01
NH.-N. mgL 0.02 0.02 0.0} 0.02 0.0] . 0.01 0.02 0.01 0.02 0.02 0.01 0.02
Ca’, mmol’L 0.88 1.14 1.07 1.14 0.92 0.75 0.51 0.77 0.82 0.65 0.66 0.76
Mg*. mmoll. 0.4} 0.27 0.3) 0.22 0.84 0.797 0.40 0.70 0.84 0.65 0.63 0.77
Na“. mmol'LL 0.13 0.17 0.11 0.12 0.03 0.02 0.04 0.03 0.11 0.06 0.07 0.09
K. mmol’L 0.08 0.08 0.07 0.08 0.06 0.04 0.05 0.05 0.07 0.06 0.06 0.08
Alkalinity, mg/l. 131.0 145.5 140.0 138.5 190.5 164.5 112.0 161.0 171.5 139.5 135.5 153.0
SO, mmol/L 0.05 0.11 0.01 0.02 0.01 0.01 0.04 0.03 0.04 0.08 0.06 0.03
Cl.mmol’'L 0.15 0.15 012 0.15 0.06 0.03 0.07 0.05 0.08 0.13 0.09 0.12
SiO,. mg'l. 18.5 19.7 17.) 17.6 15.2 16.4 13.7 15.0 15.3 14.4 14.0 16.0
Turhidity, NTU§ 3.4 11.9 2.2 4.9 1.9 0.7 0.6 1.3 1.4 25 3.5 5.6
Chiorophylla

Benthic, mg/m* 43.0 -4 1.3 52.3 132.8 63.8 48.3 61.9 62.1 29.8 36.9 64.6

Suspended, ug/l. 38 8.7 2.3 3.5 33 16 15 1.9 4.1 2.6 3.3 38

t Geametric means for all variables except arithmetic means for Ca‘", alkalinity. and turbidity.
$ Concentration <. 0.0] mg'l.. § Nephelometric turbidity units. § Nodata for Lhis site.
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Table 3. Stream variables analyzed and methods employed
in the study of Ozark streams.

Variable Units Method Reference
Alkalinity mg/L Potentiometric USEPA. 1974
Calcium (Ca’) mmolL  Atomic absorption APHA, 1976
Chloride (Cl') mmol/L  Titrimetric-mercuric USEPA, 1974
nitrate
Chlorophyll a
Benthic mg/m? Trichromatic method Yentsch &
Menzel, 1963
Suspended g/l Jeffrey &
Humphrey,
1975
Magnesium (Mg") mmol’lL.  Atomic absorption APHA, 1976
Nitrogen
Amnionia (NH,-N) mg/L Electrometric USEPA, 1974

Nitrate (NO,-N) mg/L Colorimetric-Hydrazine Barnes, 1959
reduction
Colorimetric-buffer

color reagent

Nitrate (NO,-N) mg/L USEPA. 1974

Total mg:L Electrometric-persulfate D'Elia et al.,
oxidation 1977
pH Electrometric APHA, 1976
Phosphorus

Total dissolved mg/L Colorimetric-filtration, USEPA, 1974
persulfate oxidation,

ascorbic acid

Total mg/L Colorimetric-persulfate USEPA, 1974

oxidation, ascorbic acid

Potassium (K-} mmol’ll.  Atomic emission APHA, 1976

Silica (SiO,) mg'L Colorimetric- APHA, 1976
molybdosilicate

Sodium (Na"} mmol'’lL.  Atomic emission APHA, 1976

Sulfate (SO, *) mmol’LL.  Turbidimetric-barium  APHA, 1976
sulfate

Temperature °C Glass thermometer APHA, 1976

Turbidity NTU* Nephelometric APHA, 1976

t Nephelometric turbidity units.

leptokurtic. These variables were transformed with log(x + 1) to satis-
fy normality assumptions of parametric statistical procedures. Rela-
tions between watershed characteristics and stream water chemistry and
algal chiorophyll values were analyzed with a univariate analysis of
* variance, linear regression analysis, and multiple discriminant func-
tion analysis (MDFA) (Cooley & Lohnes, 1971; Helwig & Council,
1979). Data from stations located on the same stream (Table 2) were
examined for auto-correlation and were determined not to influence
correlation or regression analysis. Differences were considered
statistically significant at p < 0.05.

Streams draining watersheds with a single land use, bedrock
geology, or soil association were used as reference streams 1o describe
relations between streams and their watersheds. Comparisons of water
chemistry and chlorephyll values were made among the reference
streams and between the reference streams and those streams draining
watersheds with more than one land-use type (multiple land-use water-
sheds). To minimize the effect of temporal variation in these analyses,
the daia for all streams during both years were divided into seasons on
the basis of sample date and water temperatures: 4 10 12°C in spring (3
March-14 May), 13 to 25°C in summer (15 May-8 September), and 8
10 16°C in autumn (9 September-19 December). Within these periods,
streams were sampled approximately every 7 to 10 d. Samples were
not collected during winter. Data were analyzed by season within year;
when relations were consisient among the analyses, the summer 1979
data are presented as an example.

RESULTS AND DISCUSSION

Influence of Watershed Characteristics on
Stream Water Chemistry

Water chemistry data from the reference streams were
initially analyzed with MDFA to determine whether the
streams would group according to land use, bedrock
geology, or soil association. The MDFA computes
canonical variables that are linear combinations of the
water chemistry variables that maximize the differences

Table 4. Mean concentration of water quality variables in
streams draining single land use watersheds in the
Missouri Ozarks during summer 1979.

Land use
Urban Pasture Forest

Variable n=45 n =45 n=32
Total Pt mg'L 0.106 0.046 0.020
Total dissolved P mg. L 0.079 0.031 0.014
Total N mgL 11.5 3.37 0.92
NO,-N mg'L 214 1.32 0.02
NO,-N mg'L 0.10 0.01 0.01%
NH,-N mg/L 0.10 0.02 0.02
Ca’ mmoll. 1.73 1.55 1.02
Mg mmol-1, 0.28 0.13 0.94
Na- mmol1. 0.74 0.20 0.02
K- mmol'L 0.26 0.14 0.06
Alkalinity mg'L 164.5 166.5 2155
SO, mmol/L 0.39 0.02 0.02
Cr mmol'LL 1.27 0.20 0.05
Sio, mgL. 17.3 19.9 17.3
Turbidity JTU 6.0 3.4 1.1
Chlorophylia

Benthic mg’'m’ 46.6 411 - . 161

Suspended ug/L 3.0 4.3 1.3

+ Geometric means for all variables except arithmetic means for Ca’.
alkalinity, and turbidity.

1 Underlined means are not different at the 0.05 level of significance using
a least significant difference test.

between streams. Water chemistry variables in Table 4
were used as the discriminating variables and each data
point consisted of the set of values observed on a given
day during summer 1979.

For each season we found that streams that drained
urban watersheds (hereafter referred to as urban
streams) were grouped together and were distinctly
separate from streams that drained forest watersheds
(forest streams) and streams that drained pasture water-
sheds (pasture streams; Fig. 2a). Likewise, the three forest
streams and three pasture streams were conjointly
grouped, but were separate from urban streams.
Because of the distinct classification, land use is con-
sidered the watershed characteristic having the strongest
association with water chemistry. Had geology been the
watershed characteristic most related to chemical
concentrations, stream variables would have classified
watersheds into two groups: limestone or dolomite.
And, had soils been most strongly related to water
chemistry, groupings would have been according to soil
association (Table 1).
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Fig. 2a. The separation of Ozark reference streams on the first two
canonical variables based on 17 water chemistry variables. Mean
values for summer 1979 are given for each stream where F = forest
stream, /* = pasture siream, and {/ = urban stream.
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The importance of the various water chemistry
variables in discriminating between reference streams
can be evaluated with the total structure coefficients be-
tween cach individual water chemistry variable and each
canonical variable. Differences in the concentrations of
Na*, SO.”, NO.-N, CI-, total N, Ca*, NO,-N, and
total P among the nine reference streams were most im-
portant in the separation along horizontal axis (Table 5;
canonical variable 1 in Fig. 2a). Differences in concen-
trations of Mg*, SO.*, SiO;, and NO.-N were most im-
portant in the separation of the stream types along the
vertical axis (canonical variable 2 in Fig. 2a).

Concentration of Chemicals in Streams
SINGLE LAND-USE WATERSHEDS

The classification of streams based on land use was
not surprising because of consistent differences in
chemical concentrations and algal chlorophyll values
among the reference sireams (Table 4), and because of
the established link between land use and stream water
chemistry in other geographic areas (e.g., Haith, 1976,
Hirose & Kuramoto, 1981). Certain variables differed
by an order of magnitude or greater among the stream
iypes. Differences were especially evident in concentra-
tions of the variables that were important discriminating
variables in the MDFA (Table §). In general, concentra-
tions were lowest in forest streams, intermediate in
pasture streams, and highest in urban streams.

Nitrate and SO,*" are examples of ions that were dif-
ferentially related to land use in a way that made the
reference sireams distinct from each other (Table 4).
Urban streams were characterized by high NO;™-N and
SO.? concentrations, pasture streams had high NO,™-N
and low SO.> concentrations, and concentrations of
both chemicals were comparatively low in forest
streams. In a multiple discriminant function analysis,
with land use as the criterion, measurements of these
two chemicals alone provided enough information to
correctly separate and classify the streams 83 10 98% of
the time, depending on the season.

Table 5. Total structure coefficients between the discriminating
variables and the first two canonical variables for the
multiple discriminant function analysis among
reference streams in summer 1979.

Canonical variable 1 Canonical variable 2

Variables (x axis) (» axis)
Total P 0.60 -t
Total dissolved P 0.57 -
Total N 0.71 -
NO. N 0.78 - 0.46
NO,-N 0.61 -
NH,-N 0.38 -
Ca® 0.69 -0.26
Mg~ -0.55 0.71
Na- 0.90 -
K- 0.40 -
Alkalinity -0.44 0.27
SO0 0.80 0.47
Cl 0.73 0.28
Si0, - -0.45
Turbidity -
Chlorophylla

Benthic 0.33 -

Suspended 0.25 -0.38

+ Not significant at < 0.01.
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The order of magnitude differences in the concentra-
tions of NO.-N and SO.? among stream types may be
related 1o cycling processes of these elements on the
watersheds. In deciduous forests, most N is in soil or-
ganic matter and vegetation and it turns over slowly so
that only small amounts of N are susceptible to loss
from the system (Mitchell et al., 1975; Vitousek et al.,
1979). The potential for nutrient loss on watersheds that
are continually subjected 1o change, such as urban and
pasture, is increased through accelerated turnover,
mineralization and nitrification, and reduced vegetative
uptake (Vitousek & Melillo, 1979). Low SO.*"
concentrations in forest and paslure streams are e€x-
pected because S is accumulated by chemical immobili-
zation in soils and a relatively minor amount is cycled by
the vegetative components (Johnson et al., 1981). The
high concentration of SO.* in urban streams is
probably due 10 nonpoint anthropogenic sources.

There were also significant differences in the concen-
trations of Na® and Cl- among the three stream types
(Table 4) so thai in a MDFA, with land use as the
criterion, these two variables alone correctly classified
the streams 83 10 100% of the time, depending on the
season. The high concentrations in urban streams are at-
tributed to anthropogenic inputs (Feth, 1981). The
greater chemical content of pasture streams is likely the
combined response from an absence of vegetation
(Likens et al., 1977) and inpuis from agricultural ac-
tivities such as grazing livestock (Smolen & Shanholtz,
1980; Scheppers & Francis, 1982).

Not all chemical concentrations in the streams were,
however, related to land use practices; some were
related 10 bedrock geology. Concentrations of Mg?* and
alkalinity were greatest in streams that were underlain
with dolomite. These streams also drained forested
watersheds (Table 1). Forest streams contained equal
concentrations of Ca* and Mg* (Ca*/Mg?* ratio =
1.05, Table 4), which is the approximate proportion of
these elements expected from the weathering of
dolomite. In contrast, the other stream types were
underlain primarily by limestone (CaCO;, Table 2) and
had runoff containing Ca** in excess of Mg?>* (Ca**/Mg?*
ratio = 5.8 in urban and 11 in pasture streams). Dif-
ferences in atkalinity were likely the result of differences
in the concentration of Mg(HCO,): among stream
types. Magnesium compounds are generally more
soluble than their calcium-counterparts.

MULTIPLE LAND-USE WATERSHEDS

The mean concentration of chemicals in streams
draining watersheds with more than one land-use type
was generally intermediate between concentrations
measured in forest and pasture streams and least similar
to the urban streams (Tables 2 and 4). Water chemistry
in Ozark streams varied along a continuum according to
land-use practices on the watersheds. The MDFA (Fig.
2b) demonstrates that streams with more than one land
use on the watershed were grouped intermediate to the
forest and pasture streams and were distinctly separate
from the urban streams. The variables in Table 2 were
used as the discriminating variables in this anlaysis.
Streams with > 40% forest on their watershed were
similar to one another and were positioned closer to



forest streams than those with = 60% pasture area
(Fig. 2b).

To examine more closely the influence of forest and
pasture land-use practices on stream water chemistry
and chlorophyll values, watersheds with > 1.4% urban
area were eliminated from the analysis (James River site
2, Big Piney sites 2 and 4, and urban streams). This pro-
vided a range of land uses from 0 10 100% pasture and 0
to 100% forest with no watershed having > 1.4% urban
area (Tables 1 and 2). Seasonal mean values of water
chemistry and chlorophyll were then used to character-
ize the limnological condition of the various streams in
correlation and regression analyses against land use.
This approach to assessing stream-watershed relations
emphasizes comparisons across stream systems by
focusing on variation among streams to determine
large-scale generalizations (Collins & Sprules, 1983).

A strong correlation was found between the mean
concentration of total P, total N, NO,"-N, Na*, Cl", and
suspended chlorophyll a in these streams and the
percent pasture on the watershed during summer 1979
(Fig. 3). These relations are exponential [thus, the log(x
+ 1) transformation of the y-axis}; intercepts (0%
pasture) approximate mean values measured in the
forest streams (Fig. 3, Table 4). Because of the nature of
these relations, the actual increase in the concentration
of these variables with an increase in pasture is not as
great between 0 and 40% pasture as it is between 40 and
100% pasture. Therefore, the effect that additional
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Fig. 2b. The separation (and relationship) of Ozark streams along 2
continuum of land uses on the first two canonical variables based
on 17 water chemistry variables. Mean values for summer 1979 are
given for each stream with stream enclosed by dashed lines having
similar types of land use.

pasture area will have on stream water chemistry and
chlorophyll values depends on the relative proportion of
forest and pasture areas on the watershed.

Analyses of data from other seasons resulted in re-
gression equations with slopes that were similar to those
obtained for the summer 1979 data. The similarity of
the slopes indicates that relations between land use and
streamn water chemistry are consistent over time. An ex-
ception was that only during spring 1979 stream
temperature was significantly related to percent pasture
area [r = 0.92, °C = 10.0 + 0.04 (% pasture)]. Pasture
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Fig. 3. Linear regressions between mean summer (1979) concentrations of selected water chemistry variables and suspended chlorophyll a and

pasture ares on the watersheds. Each watershed has < 1.4% urban area.
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streams likely warm faster in the spring because of less
canopy cover and higher soil temperatures. The relation
was not significant during summer when mean tempera-
tures in all streams averaged about 20°C.

These relations present a continuum of stream re-
sponse to forest and pasture land uses that is consistent
among seasons and powerful enough to be distinguished
from other watershed characteristics contributing to
among stream variation in a given season. Such gener-
alizations help identify the relative importance of these
land-use practices on water chemistry and algal chloro-
phyll values and begin to explain differences among
streams in the region. In addition, these relations also
enable us to approximate the relative impact of forest-
pasture conversion on streams not vet affected.

Assessment of Land Use and Stream Ecology

Conventional criteria suggest that canopy cover is a
primary determinant of ecological processes in streams
by controlling energy input to the system. Headwater
streams in forests are generally well shaded and hetero-
trophic. As stream size increases (orders 4-6), greater
insolation is thought to favor autochthonous processes
(Vannote et al., 1980), especially when accompanied by
increased nutrient concentrations in currents that do not
scour algae (Horner & Welch, 1981; Triska et al., 1983;
Jones et al., 1984). Our data indicate, however, that
Jand use can also influence autotrophic processes in
headwater streams by affecting insolation and nutrient
concentrations. During summer 1979, forest streams
(canopy cover and low nutrient concentrations, Table 4)
had mean benthic and suspended chlorophyll values
that were significantly lower than values in urban and
pasture streams (generally no canopy and greater nutri-
ent levels; Table 4). All these streams can be considered
as headwaters (orders 1-3). These data support the find-
ings of Minshall (1978) that autotrophy is of primary
importance in streams where shading by streamside
vegetation is minor. We also found suspended chloro-
phyll and nutrient concentrations in medium-sized
Ozark streams (orders 5-6, one 3) increased as a func-
tion of percent pasture and decreased as a function of
percent forest (Fig. 3). Other factors being equal,
streams draining pastures in the Ozarks are more pro-
ductive than streams draining fortests. Thus, within a
given region, land use can affect the degree of auto-
trophic processes and probably the structure and func-
lion of the streams.
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