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INTRODUCTION

The cold-water streams of the northern states
provide unique recreational values to the American
people (wilderness or semi-wilderness atmosphere,
fast-water canoeing, and trout fishing) but the ex-
panding recreational needs must be balanced against
the growing demand of water for public and industrial
supplies, for irrigation, and for the dilution of sewage
and other wastes. In order to make intelligent deci-
sions regarding use and management of the water
resource for recreation and other demands, an
analysis of the hydrologic factors related to rec-
reational values is essential.

The Pere Marquette, an outstanding river for
brown and steelhead trout fishing, is also a popular
canoe trail. Larger boats, some equipped with motors,
are common in the lower reaches where the river is
wide and deep. Cabins are abundant on the river
near Baldwin but are relatively sparse elsewhere.

Access to the river is by roads leading south from
U.S. 10 at Nirvana, Idlewild, Baldwin, Branch,
Walhalla, Scottville, and many intermediate points.

The recreational value of the river depends on the
streamflow characteristics, quality of water, and
character of stream channel and bed and banks.
The purpose of this report is to describe these char-
acteristics and show how they relate to recreational
uses.

Most of the information presented here was ob-
tained from a field reconnaissance in July and
August, 1966, and from basic records of the U.S.
Geological Survey’s Water Resources Division. The
area of field study is limited to the channel, bed, and
banks of the Middle Branch and main stem of the
Pere Marquette from source to mouth. The study
was made in cooperation with the Michigan Geo-
logical Survey, Gerald E. Eddy, Chief. Advice and

GEOLOGIC

The Michigan Lobe of the Pleistocene glaciers
deposited a series of moraines with associated
ground moraines in the Pere Marquette River basin.
These morainal areas form most of the boundary
areas of the basin and isolated remnants within the
basin. Between the moraines are broad areas of
glacial outwash that cover more than half of the
drainage basin. The morainal areas are hilly to
gently rolling; the outwash areas are relatively flat
but dissected in places by streams and pitted with
kettle holes formed by melting blocks of glacial ice.
Some of the kettle holes are occupied by lakes.
West of Scottville the river basin is a broad plain
underlain by beds of sand deposited in a glacial lake.

The Middle Branch of the Pere Marquette rises
in the rolling hills of glacial moraine and ground
moraine that form the eastern boundary of the
drainage basin. West of this morainal area the
river flows across a broad outwash plain that ex-
tends westward to Custer. The river crosses a belt
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of ground moraine between Custer and Scottville
and then crosses a sandy lake plain to the mouth at
Ludington.

The streamflow characteristics and temperature
of the Pere Marquette are strongly influenced by
the geology and topography of the basin. The more
permeable materials in the basin, especially sand
and gravel outwash, contribute a relatively large
amount of ground-water discharge to the stream.
This ground-water discharge maintains the flow of
the stream during rainless periods and helps to keep
the water cool during hot summer days. The less
permeable materials that compose the moraines and
ground moraines generally contribute more surface
runoff and less ground-water discharge than is con-
tributed by the outwash deposits. The relatively
high drought flow and low summer water tempera-
tures on the Pere Marquette reflect the permeable
materials that underlie most of the basin.

STREAMFLOW

INTRODUCTION

The flow of any uncontrolled river varies from
day to day and from year to year. This variation
may be measured in units of discharge (volume of
water discharged per unit of time), velocity (speed
of movement of water), and stage (elevation of water
surface). These units are related- a high discharge
results in high stages and, usually, in high velocities.
Velocity also varies in different reaches of the river,
the velocity generally being greater in reaches of
steep fall than in the flatter reaches. The gradients
of the reaches of the river are shown on the river
profile (Sheet 2).

DISCHARGE

Daily discharge on the Pere Marquette is re-
corded at a gaging station at Scottville. Records
of monthly mean discharge for the period October,
1951 through September, 1967, are shown below.
Discharge is shown in cubic feet per second (cfs)
and cubic feet per second per square mile (cfsm).
The highest rates of discharge usually occur during
the snowmelt season in April. Discharge generally
declines through late spring and summer months
and then increases somewhat in the fall when frost
kills the vegetation and reduces the amount of
evapotranspiration in the basin.

STREAMFLOW

To obtain information on the contribution of
ground water in various reaches of the stream a
series of discharge measurements were made at
several stations on September 19, 1966, after a
period of several days with little or no rain. Results
of these measurements are tabulated below. The
differences in discharge per unit drainage area
reflect differences of ground-water contribution in
the various reaches of the river. Locations of sta-
tions are shown on Map 1, Sheet 2.
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ranged from less than 1 foot per second in the pools
to more than 5 feet per second at Rainbow Rapids.

The velocity and depth of a stream are limiting
factors in safe wading. Generally it is not safe to
wade a stream where the depth, in feet, multiplied

Pere Marquette in the faster riffles and rapids. In
most reaches wading is restricted chiefly by the
depth of the water in relation to height of the wader’s
boots.

except during time of snowmelt or exceptionally
heavy rains. At such times the changes in stage
from day to day may be great enough to restrict
wading in some reaches of the river.

a variety of temperature conditions in different
reaches of the river. Local variations in the amount
of sunlight may also influence water temperatures.
The Pere Marquette is well shaded over most of its
length, but the greater width of river below Custer
exposes a relatively large surface to sunlight. The
generally low summer water temperatures in the
Pere Marquette are favorable to trout propagation.

QUALITY OF WATER

QUALITY OF WATER

DISSOLVED OXYGEN

Dissolved oxygen is another critical requirement
of recreational rivers. The amount of dissolved
oxygen in water is very small. At temperatures just
above freezing, water saturated with dissolved oxy-
gen contains about 14 mg/l (milligrams per liter) of
oxygen. As water temperatures increase the capac-
ity to retain oxygen decreases, and at water tempera-
tures above 21.1°C (70°F) saturation is reached at
concentrations less than 9 mg/l. In summer the
effect of temperature may be masked by effects of
photosynthesis and respiration of aquatic plants.

Dissolved oxygen was measured periodically for

pH

The pH of water is an indicator of its acidity or
alkalinity. Waters with a pH of 7 are said to be
neutral. A pH lower than 7 indicates acid water; a
pH higher than 7 indicates alkaline water. The
water in the Pere Marquette is slightly alkaline with
pH values ranging from 7.3 to 7.8.

SUSPENDED AND FLOATING SOLIDS

No direct measurements of suspended solids were
in this study. Turbidity was apparently fairly low

SPECIFIC CONDUCTANCE

The specific conductance of water is an indicator
of concentration of dissolved solids. It is useful in
measuring gross changes in the dissolved load of a
stream. During the period October, 1965, to May,
1968, the water from the Pere Marquette at the
gaging station at Scottville fluctuated in specific
conductance between 195 and 360 micromhos at
25°C. Specific conductance was generally low
during very high flows and relatively high during
base flow.

DISSOLVED SOLIDS

Chemical analyses of water from the Pere

QUALITY OF WATER

OUTLOOK FOR THE FUTURE

SUMMARY

The following table summarizes the quality of
water characteristics of the Pere Marquette River
and shows how these characteristics are related to
recreational uses.

The Pere Marquette at the present time (1969) is
not overdeveloped, and is relatively free from pollu-
tion in all reaches upstream from Ludington. Fishing
pressure no doubt will increase as migratory rainbow
(steel head) trout recover from the predations of the
lamprey. Migratory salmon also may use the
Pere Marquette for spawning in the future. Cabin
development on river frontage is likely to increase
considerably, as most frontage is privately owned.
However, much of the frontage in the lower reaches
of the river is too low and swampy for the best cabin
sites. Canoe traffic will continue to grow, because

the Pere Marquette is well-suited to the novice
canoeist—fast enough to be interesting but not dan-
gerous. Campsites appear to be adequate for many
more campers than are now using them—except
for a few weekends at the height of the tourist
season.

Two possible threats to the recreational values of
the Pere Marquette are future contamination from
increased waste disposal and pesticides, and degrada-
tion of the river banks by excessive cabin development.
Degradation of river banks may include removal of
cover, and may result in increased sediment load.

24 hours at the campsite above Rainbow Rapids in . . » :
the NWY%SWY% Section 27, T. 18 N., R. 14 W. (see during mpsfc of the summer season, as the bottom was Marquette are listed below. (Locations of sampling Recreational Relation of quality of water Quality of water in
graph balow). Dissolved oxygen was slightly above clearly visible most times at depths up to 3 feet. sites are shown on Map 1, Sheet 2.) The water gen- use to recreational use Pere Marquette River SELECTED REFERENCES
saturation during most of the daylight hours and After heavy summer rains the water became slightly erally is moderately hard,_of the calcm.m bicarbonate . e o
dropped to 2 to 3 mg/l below saturation at night cloudy, and during the sprmg.snowme.lt the water type, and dissolved constituents are in the normal Temperature Maxinwm temperstures @ the Knutilla, R. L., 1967, Flow ch_aracterlstlcs of Mlc}_u-
Measured dissolved oxygen ranged from 7.2 to 10 4 appeared to bg moderately turbid. Floating mgter'lals, range for an unpolluted stream in this area. Ni- Oritoriu for fntrastate waters. as esiublished Jan- iy Jieets £ the Per gan streams: U.S. Geological Survey Open-file
me/l. This i ) ¢ ; such as organic trash, detergent foam, and oil slicks trates’and phosphates were low in most samples, ; iy bp A O e e Report, pp. 164-165.
g 8 1s & normal range fer an unpolluted were not observed on the river but a few showed relatively high phosphat tent Gy, 10NN ¥ T Miier Weseoice Spmmrssian, Hoaruetls  probably = exeeed Martin, Helen M., 1955, Map of the surface forma-
cold-water stream with moderate bottom vegetation. : T R RRRING. S Michigan Department of Natural Resources (1968) 21.1°C (70°F) only rarely. Max- tions, of the :c;outher"n Peninsula of Michigan
specxfy 21.1 °C (70°F) as the maximum limit for imum temperatures below Scott- Michigan Geological Survey. ’
intolerant fish (cold-water species) villf probably exceed 21.1°C Michigan Department of Natural Resources, Water
(70°F) a few days of most years Resources Commission, 1968, Water quality
< . i . standards for Michigan intrastate waters: Jan-
SESEsec 10 | SW.SEsec15 | NW.SWaee2r | SW.SWoee2l Trsetved By . i, || T, oxpgen fn Mis Do wary 11068,
T17N. R 1 W T17N.R 1’3 W T.13N. R 1 4 W T 1SN. R 1'5 W T}lq Water Resources Commission (1968) specifies Marquette above Scottville prob- Tarzwell, Clarence M., 1957, Water quality criteria
=5 9.19-66 9-19-66 9 19-66 91966 aminimum of 6mg/1. ably does not drop below 6 mg/1 for aquatic life, in Biology of Water Pollution: U.
=5 . ;?7 ;A{a'iigr t:m;;eri?tl_lres :t:tbovtf.: 20°C (68°F),dT?rZ\:}$11 ;tta%y tlfille-b fl\t mg}tlt mta}y drop S. Department of Health, Education, and Welfare,
i ] ’ indicates full air saturation is required for the 0 3 mg/1 below saturation .246-272.
= a Calcium (Ca) mg/1 42 = 42 42 f’g;)il:,; full range of activity for brook trout ng Geological Survey, 1964, Compilation of re-
al Magnesium (Mg) mg/1 16 18 - 14 14 cords of surface waters of the United States,
= 5 Sodium (Na) mg/1 25 5.8 6.1 7.9 Hydrogen Ion Concentration (pH) pH of the Pere Marquette gen- October 1950 to September 1960, Part 4, St.
25 . Water Resources Commission (1968) specifies lim- erally ranges from 7.3 to 7.8 Lawrence River Basin: U.S. Geol. Survey Water-
g § Potassium (K) mg/1 4 3 .5 4 its of 6.5 and /8.8 Supply Paper 1727, p. 136.
Bicarbonate (HCO3) mg/1 206 197 172 174 1961, Surface water records of Michigan:
: . ) i U.S. Geol. Survey Annual Rept., p. 93.
Carbonate (CO3) mg/1 0 0 0 0 Nutrients (chiefly nitrates and phosphates) Pere Marquette is generally free L
‘ Sulfate (S04) mg/1 9.9 12 94 23 Water Resources Commission (1968) requires nu- from undesirable weeds, algae, m&&s’uf u: fifﬁnv:;tge rte cor(i%’zof i
30 T —~ ) . trients to be limited to the extent necessary to prevent and slime. A few analyses indi- 1963 Sv }t,' t ’ .,p.d of Michigan:
£ 95k b Chloride (Cl) mg/1 1.0 8.0 8.5 14 stimulation of growths of algae, weeds, and slime, cate relatively high phosphate US. Geol S’ur:(: alkcfmv;:lge rte cor1%3o ToRigEan:
= q Flouride (F) mg/1 1 1 1 which are or may become injurious to the designated content = ]964 Surz'a o seator l;'e"px"d .f Michigan:
u 20 . ’ use. Because these nutrients are rather quickly taken US.Geol.S : i 1R tco 1%50 T
S 156 Nitrate (NOs) mg/1 1 2 -0 .0 up by plants, exact limits of desirable concentrations .00, Dut Yoy ANMUR SIEOL., D. 200 < g
= Phosoh PO " a3 18 01 . are difticult ts determine 1965, Water resources data for Michigan:
Z ol phorous as PO4, mg; . . . 3 U.S. Geol. Survey Annual Rept., pt. 1, Surface
= : \ Dissolved Solids*, mg/1 182 193 187 195 et o B o S . Water Records, p. 120.
= i - = s hi oating, Settleable, and Suspended Solids ere Marquette appears to be gen- _ 1966, Water resources data for Michigan:
o Ly ) i L | Hardness as CaCOs, mg/1 171 179 163 163 Trgz;é;séung, Water Resources Commission (1968) specifies no erally free of floating solids and U.S. Geol. Survey Annual Rept., pt. 1, Sur%ace
NOON  4:00 800 MID- 4:00 800 Specific Conductance ¥ ¥ 331 331 337 350 campiné and | objectionable unnatural turbidity, color, or deposits residues of unnatural origin. Water Records, p. 119.
PM PM  NIGHT AM AM pH 75 75 7.4 75 cabin-liv;ng suf.ficient to‘interfere wijch designated use; no floating Turbidity during spring flqod 1966, Water resources data for Michigan:
JULY 30,1966 JULY 31,1966 Color g . 8 5 solids, or evidence of residues of unnatural origin flows may be moderately high U.S. Geol. Survey Annual Rept.,, pt. 2, Water
Quality Records, pp. 61-63.

__ 1967, Water resources data for Michigan:
U.S. Geol. Survey Annual Rept., pt. 1, Surface
Water Records, p. 123.

* Calculated
%X micromhos at 25°C
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