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INTRODUCTION

Construction of a new golf course and additional condo
minium units by the Shanty Creek Resort in Bellaire, Antrim
County, Michigan, has raised the concern of area residents
regarding possible negative effects on the area streams and
Lake Bellaire.

This survey of five streams flowing from the

Shanty Creek resort provides some generalized environmental
information prior to most land clearing and construction acti
vities, although the limited duration of the study (one month)
is insufficient to characterize the annual changes within the
streams.
STUDY AREA
The five study streams lie on the east side of Lake
Bellaire, Antrim County, Michigan.

The streams originate in

the upland areas of Section 32 of Kearney Township (T30N.-R7W.)
and Section 5 of Custer Township (T29N.-R7W.)

See Figure 1.

The majority of this upland is owned by the Hilton Shanty Creek
resort.
The upland soils are mostly Kalkaska-Montcalm complex
(sands) with 12 to 40% slopes.

On the outwash plain, west of

the M-88 highway, the soils are mostly Kalkaska-East. Lake complex
(sands) with 0 to 6% slopes.

Within the stream valleys soils

are Tawas-Ensley complex; mostly very poorly drained woody
material 16 to 51 inches thick, over sandy material.

(Larson

and Buchanan, 1978).

See Figure 2.

The streams have a steaper gradient east of M-88 and
reduced gradient west of the highway before entering Lake
Bellaire or the Grass River.

METHODS
Water temperature, pH, turbidity, air temperature and
weather were noted at each of five stream sampling locations
on a weekly basis for three weeks.

Current velocity and

discharge were determined for the final two weeks of regular
sampling.

In addition to the routine sampling, areas of the

study stream were sampled for channel shape, substrate, fish
and invertebrate organisms.
Instruments used were as follows:
ph:

Heath-Schlumberger Portable pH Meter.
Model SM-101A.
Precision: 0.1 pH units
Calibrated to pH 7 with buffer before each
use. Measurements made directly in the
streams. Corrected for temperature per
operators manual.

Temperature: 1)
2)
3)

Hach Mercury thermometer
Taylor Model 21431 Mercury thermometer
Universal bi-metalic thermometer (for
air temperature)

Precision:

1)
2)
3)

0.1°C
0.2°C
1°F

Thermometers calibrated in 0°C ice water bath.
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Turbidity:

Hach Model 2100A Laboratory Turbidimeter.
Instrument located at Traverse City Water
Treatment Plant. Samples were collected
in 3 liter dark bottles and transported to
the Water Treatment Plant for analysis.
Precision:

1% of scale ranges 0-.2, 0-1.0,
0-10, 0-100 NTU (nephelometric
turbidity units)

Current velocity was measured by timing a float through
a measured reach of the stream.

Usually three trials were

made and averaged to obtain the time of passage.

This value

was multiplied by 0.85 to obtain an estimate of the average
velocity.

Discharge (Q) was determined by measuring the

cross sectional area within the reach and multiplying by the
average velocity.
Substrate type was determined by examining bottom
materials in-situ and estimating constituent size based on
the divisions used by the American Geophysical Union.
Table 1.

See

Core samples were taken with a hand driven PVC tube,

1.5 inches in diameter.

Cores were extruded and described

at streamside.
Fish and invertebrates were collected with a six-foot
long minnow seine and a six-inch diameter seive with 0.05inch mesh.

Sampling was qualitative.

Sampling continued

until further effort produced no new species.

Fish (except

trout) and invertebrate samples were preserved and identified
in the laboratory.

Plants were identified in the field with

samples taken for later laboratory confirmation as needed.

A 125 ml. water sample from each stream was collected
and frozen on the three routine sampling series.

These

samples are being held for possible future chemical analysis.

RESULTS AND DISCUSSION
Stream No. 1
Sampling Location:

West end of culvert crossing M-88 just
south of old railroad depot building.
T30N, R7W, SE% of Section 31.
15 Oct.

25 Oct.

Time (EST)
1400
Air Temp. (°C/F)
18.5/65. 3
Weather
H.O.
Water Temp. (°C/F) 10.5/50. 9
pH
8.2
20
Turbidity (NTU)
Ave.Velocity (ft/sec)*
Q (ft /sec)*

1 Nov.

0912
1025
10.4/50.7 16.0/61.7
H.O.,0.R . Hazy Sun
8.3/46.9
7.0/44.6
8.3
8.1
4.2
125
2.5
2.5
0.2
0.35

13 Nov.
1600
5.6/42.0
H.O.
3.2/37.8
2.3
0.16

*

Velocity and discharge measurements made at W. Fisherman
Paradise Road culvert, lb.
H.O. Heavy overcast.
O.R. Occasional rain.
Description: This stream flows out of the morainal hills in
a steep sided valley, adjacent to the abandoned ski run and
chairlift.

See Figure 2.

Just upstream from M-88 are abandoned

stream channels and a small cattail wetland.

At M-88 the stream

is divided into three small channels which empty into an excavated
basin just above the road culvert.

This basin apparently fills

with sand and must be dredged out, as evidenced by the fresh
spoil piled along the road.

During the month of sampling the
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amount of sand in the basin noticeably increased.
Approximately 50 feet of the stream channel below the
culvert is also dredged.

A small area of cattail wetland is

located at this point where the stream resumes its course to
the southwest.

At W. Fisherman's Paradise Road, the stream

passes through a 36-inch diameter culvert.

The outfall of this

culvert is several feet above the level of the downstream water
surface and prevents upstream migration of fish and other swim
ming organisms.

From the culvert the stream passes through a

yard and into a concrete culvert before entering Lake Bellaire.
The stream bottom is light brown sand at all observed
areas (mouth to h mile above M-88) except there are some patches
of fine to medium gravel in the reach above W. Fisherman's
Paradise Road.

A cross section of the stream at the bend just

upstream from W. Fisherman's Paradise Road was measured on
13 Nov. 1983.
Cross section, Station lb
Width (inches)
(West)

0
6
12
18
24
30
33
36

(East)

13 Nov. 1983

Water Depth (inches)
0
1.3
2.5
2.5
1.8
1.5
0.8
0

Bottom Material
Sand,
Light
Light
Light
Light
Light
Light
Light

leaves
brown
brown
brown
brown
brown
brown
brown

sand
sand
sand
sand
sand
sand
sand, leaves

A core sample at (width) 12 inches had the following
pro file:
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Depth below sediment - water

interface (SWI)

Material

0 - 4.3 inches

Medium sand

4.3 - 5.1 inches

Coarse sand

5.1 - 7.1 inches

Olive sandy clay

A second core at (width) 18 inches was all sand from
0 to 5.5 inches.
Above M-88 the sand bottom covered a layer of gravel,
which overlaid grey clay.

The gravel layer may represent an

earlier streambed that existed during a different flow and
sedimentation regime.
The production of aquatic organisms is limited by the
sand bottom and lack of other stable substrate (fallen trees,
etc.).

Seven families of invertebrates were found:
Number collected or
relative abundance

1

Insecta: Gerridae (water striders)

2

Insecta: Tipulidae (midge larve)

3

Insecta: Hydropsychidae (caddis larve)

4

Crustacae: Amphipoda, Gammerus sp.
(scud)

5

Crustacae: Isopoda, Asellus sp.
(sow bug)

6
7

Location

common

la

1

lb

1

lb

few

la

common

la

Mollusca: Gastropoda, Amnicolidae
(snail-shell only)

1

lb

Mollusca: Pelecypoda, Sphaeriidae
(fingernail clams)

several

la

No fish were seen or collected.
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Stream No. 2
Sampling Location:

West end of culvert under Highway M-8 8,
1/8 mile south of intersection of M-88
and S. Fisherman's Paradise Road.
T29N, R7W, NW% Section 6.
16 Oct.

25 Oct.

1 Nov.

13 Nov.

Time (EST)
Air Temp. (°C/F)
Weather

1515
1030
1050
1415
17.0/62.6 10.5/50.9 18.0/64.4
7.8/46
Sun, E. wind
Rain
weak sun
Light
12 mph
broken stratus overcast
Water Temp.(°C/F) 13.0/55.4
9.1/48.4
8.3/46.9
6.6/43.9
pH
8.1
7.9
8.1
Turbidity (NTU)
0.9
2.0
0.64
Ave.Velocity (ft/sec)
1.9
1.4
Q (ft3/sec)
0.32
0.17
Stream No. 2 drains the southern part of the hill south
of Stream No. 1.

Its drainage area is smaller than the other

streams and it is apparently not receiving any external sedi
ment loading.

Small streams coming out of the hill in the

Limberlost Kennel area are channelled along the east side of
M-88 and continue south until the culvert crossing of M-88.
From Limberlost to the S. Fisherman's Paradise Road intersec
tion the stream has a rapid flow over gravel, cobbles, and
small boulders.

From the intersection to the culvert the

stream is sluggish and flows over sand and silt bottom.

Water

cress (Nasturtium) grows prolifically in this reach.
Two other smaller streams join the main flow at this
point.

The center stream comes out of the wooded area east

of the culvert.

This stream is 14-16 inches wide, 2-3 inches

deep and is incised approximately one foot below ground level.

The stream banks overhang the water surface and in some places
terrestrial vegetation completely obscures the stream.

The

bottom is sand.
The third feeder stream comes from the south parallel
to M-88.

It has approximately the same flow as the center

stream.
Below the M-88 culvert are cobbles and gravel, grading
further downstream to finer gravel and some exposed clay areas.
Sand is rare.

A measured cross section was made 70 feet below

the M-88 culvert.
Cross Section, Station 2b

13 Nov. 1983

Width (inches) Water depth (inches)
(South)

0

18
24
30
36

0
2.5
3.5
3.5
2. 0
1.75
1.5

42
46

0.75
0

6
12

(North)

Bottom Type
Sand, leaves
Coarse gravel, sand matrix
Coarse and fine gravel
Coarse and medium gravel
V. coarse and coarse gravel
Coarse gravel, brn. sand matrix
Med. gravel, silt
(behind cobble)
Coarse gravel, sand matrix
Sand, fine gravel, leaves

No core camples were taken due to the hard substrate.
Stream banks are dark brown organic soil with roots.
Approximately 300 feet below the culvert a small pool
has been excavated in the stream channel.
The coarse gravel bottom of Stream No. 2 provides good
habitat for aquatic organisms.

Eleven families of aquatic

organisms were collected in the cross section riffle area:

Number collected or
relative abundance
1. Insecta, Hemiptera, Gerridae (Water stride rs)
2. Insecta, Odonata, Gomphidae, Gomphus
(dragonfly larve)
3. Insecta, Tricoptera, Glossosomatidae
(caddis larve)
4. Insecta, Tricoptera, Phryganeidae
(caddis larve)
5. Insecta, Plecoptera, Unidentified family
(stonefly)
6. Turbellaria, Tricladida; Planariidae
(flatworm)
7. Nematoda, Unidentified (roundworm)
8. Crustacea, Amphipoda, Ganunaridae, Gammerus
(scud)
9. Crustacea, Isopoda, Asellidae, Ascellus
(sow bug)
10. Gastropoda, Physidae, Physa (poach snail)
11. Gastropoda, Amnicolidae, Bithinia tentaculata
(snail)
•

common

abundant
2

4
1
6

abundant
common
common
common

Glossosoma and Gammerus were the most abundant organisms.
Despite the good habitat for invertebrate production,
there was very little cover for fishes.
caught.

No fish were seen or

The drop below the M-88 culvert is a barrier to up

stream migration of fishes.
This stream appears to have very high quality water
and does not carry a silt load after rains of the magnitude of
the 24-25 October storm.

Stream No. 3
Sampling location:

Approximately 600 feet east of M-88,
upstream from second pond.
(North of
Bell-Aire Golf Course). T29N, R7W, m h
of Section 6. See Figures 2 and 3.

15 Oct.
Time (EST)
1630
Air Temp.(°C/F)
Weather
Overcast
Light rain
Water Temp. (°C/F)
9.5/49.1
pH
8.3
Turbidity (NTU)
55
Ave.Velocity (ft/sec)
Q (ft /sec)

25 Oct.
1113
9.8/49.6
Overcast
occ. rain
8.4/47.1
8.3
32
1.1
0.46

1 Nov.
1130
16.6/61.2
Overcast
8.0/46.4
8.2
3.0
0.6
0.29

13 Nov.
1225
4.4/40
Weak sun through
atlostratus
4.8/40.6
0.7
0.39

Discharge measurements taken downstream from chemistry sampling
site on 25 October and 1 November.

See Figure 3.

Description; Stream No. 3 rises west of the Hilton Shanty Creek
main lodge and flows through wooded country until reaching the
outwash plain.

Two ponds are located on the stream.

The larger

downstream pond is used as a source of irrigation water by the
Bell-Aire Golf Club.

A dense growth of the stonewart algae

Chara is present in both ponds, indicating an environment rich
in calcium carbonate.
Below the large pond the stream passes through a small
wetland composed of cattails, willows and Chara before going
under M-88 in a culvert.
an open field.

West of the highway the stream crosses

I was not able to locate the stream mouth due

to posted private land.
The stream bottom is primarily sand.

Above the sampling

site there is much tree debris in the stream.

A cross section

of the stream measured at the sampling site had the bottom types
listed below:
Width (inches) Water depth (inches)
(South)

0
12

18
24
35

0
3.75
3.25
2.75
0

Bottom Type
Silt-clay (mud)
Sand
Gravel
Sand
Sand
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A core at width 20 inches had the following profile:
Depth below S.W.I. (in.)
0 - 1.2
1.2 - 3.2

3.2
3.9
4.7
5.1

-

Material
Light brown to grey sand and fine gravel.
Alternating dark and light muddy sands.
Dark bands have more fine sand. Sequence
is dark, light, dark, light, dark.
Gravel and light brown sand.
Light brown sand. No gravel.
Black detritus and fine sand.
Grades from olive muddy sand to light
brown coarse sand.
Dark grey-black detritus.
Light olive clay.

3.9
4.7
5.1
7.9

7.9 - 8.3
8.3 - 8.7

Exposed gravel is very rare on the stream bottom.

Large

sand deltas are present in both ponds, the first pond being
almost filled in with deposited sands.

A horizon of gravel

at 3.2 to 3.9 inches in the core sample may be a buried riffle
area.

A gravel horizon was confirmed by digging in adjacent

areas of the stream bed.
The lack of cover and solid substrate makes this stream
poor fish habitat.

Some fishes probably inhabit the ponds but

no effort was made to sample the ponds for fish.

Invertebrates

from six different families were collected:
Number collected or
relative abundance
1. Insecta, Tricoptera, Phryganedae
(leaf case caddis)
2. Insecta, Plecoptera, Perlodidae
(stonefly nymph)
3. Insecta, Diptera, Tipulidae (cranefly
larve)
4. Gastropoda, Valvatidae, Valvata sincera
(snail-shell only, no animal)
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2
1
1
1

Number collected or
relative abundance
5. Isopoda, Ascellus sp. (sow bug)
6. Amphipoda, Gammerus sp. (scud)

abundant
abundant

The sow bug Ascellus and the scud Gammerus were the most
abundant organisms.

On 25 October I observed hundreds of isopods

moving single file upstream along the stream margins.

Several

hundred scuds were captured in one minnow seine haul through a
pool above the second pond (Figure 3) on 13 November.

Both of

these animals are scavenger feeders, preferring dead or decaying
plant and animal material.

Stream No. 4
Sampling Location:

Above pond at Fairway No. 3, Bell-Aire Golf
Club. T30N, R7E, NE% of Section 6. See
Figure 2.
15 Oct.

1215
(rain stopped)
mostly cloudy
8.5/47.3
9.5/49. 1
Water temp. (°C/F)
8.0
8.1
pH
1.7
5.2
Turbidity (NTU)
0.62
'Ave .Velocity (ft/sec)
0.38
Q (ft3/sec)
Time (EST)
Air Temp.(°C/F)
Weather

1 Nov.

25 Oct.

1610
Overcast

1337
18.6/65.5
Overcast
8.3/46.9
8.2
0.45
0.5
0.4

12 Nov.*
1625
0/32
sunny
4.2/39.6
-

0.51

*
Description: Stream No. 4 is approximately 1.75 miles long
(based on soil maps, Larson and Buchanan 1978), originating south-
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east of the Hilton Shanty Creek Lodge.

The stream flows through

a wooded valley until it emerges at the Bell-Aire Golf Club,
just southeast of Green No. 4.

In the lower portion of the

stream valley, above the Golf Club, the stream swings through
wide meanders.
areas.

There are many abandoned channels and marshy

The stream is littered with branches and tree trunks.

The stream bottom is mostly sand with a few small patches of
gravel and clay.

A few areas show iron hydroxide deposition

and iron bacteria growth.

A dirt construction road crosses the

stream and may be a source of sediment during storms.

Below

the golf cart crossing at Green No. 4 the stream continues to
meander through a wooded area until it enters a pond just north
east of the Golf Club buildings.

The stream continues under

M-88 in a culvert and across open fields until reaching Brake
Road, where it follows the road southward for about 600 feet
before turning west and entering the Grass River.

The air

photo (Figure 2) shows a pond just west of M-88 which was not
investigated.'
Two cross section measurements were made, one at the
chemistry sampling site above the Golf Club pond and a second
adjacent to Green No. 4, approximately 220 feet below golf
cart crossing (Station 4b).
1 Nov. 1983

Cross Section, Station 4
Width (inches)
(North
0
6

12

(South)

18
24

Water Depth (inches)
0
4.6
5.5
4.8
0
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Bottom Type
Sand
Sand
Sand
Sand
Sand

Cross Section, Station 4b
Width (inches)
(SW)

Water Depth (inches)

0
10
12
31.5

(NE)

12 Nov. 1983

7.0
11.5
17.0
13.5

Bottom Type
Sand
Sand
Sand
Sand

The cross section width was measured from the stream bank
margin.

The banks overhang the stream six inches on the

southwest side and four inches on the northeast side.

A

core taken at mid channel had a profile as follows:
Depth below S.W.I. (inches)

Material

0-1.6
1.6 - 2.4
2.4 - 5.1

Sand.
Fine gravel.
Black, brown and olive
detritus and sandy mud.

On November 12 two brook trout were observed spawning
over a gravel redd, located 200 feet below the crossing at Green
No. 4.

This was the only gravel seen in this reach of the

stream.

Invertebrate production is probably low, and only

four families were found:
Number collected or
relative abundance
1. Insecta, Diptera, Tabanidae
(horsefly larve)
2. Insecta, Coleoptera, Gyrinidae
(whirligig beetle)
3. Insecta, Coleoptera, Elmidae
(riffle beetle)
4. Insecta, Tricoptera, Glossosomatidae
(caddis larve)

1

1
1
several

The first three organisms were collected from the stream
with a sieve.

The caddis larve were located within the culvert
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on some of the only available hard substrate.

Stream No. 5, Shanty Creek
Sampling Location:

At downstream outlet of culvert under
Grass River Road. T29N, R7W, NE%, Section 7.
15 Oct.

24 Oct.

Time (EST)
Air Temp.(°C/F)
Weather

1 Nov.

1525
1610
17.8/64.0
8.4/47.1
wind light NE
heavy overcast
Water Temp. (°C/F)
9.0/48.2 11.5/52.7
pH
8.2
8.3
Turbidity (NTU)
1.2
0.74
Ave.Velocity (ft/sec)*
3.1
Q (ft3/sec)
-

12 Nov.

0800
1035
10.8/51.4
1.1/34
wind light SE wind N, 7-8 mph
broken stratus sunny
7.5/45.5
6.0/48.8
8.4
0.32
2.96
3.02
8.85
9.0

* through culvert
Description:

Shanty Creek has the largest watershed and the

greatest discharge of the five study streams.

The main branch

of the stream flows across the lower third of Section 5, Custer
Township, in heavily wooded terrain.
is located 0.3 mile above M-88.
completely filled with sand.

A dam with a 39-inch head

The reservoir of this dam is

An abandoned channel around the

dam indicates flooding has occurred in the past.

The stream

passes under M-88 and Grass River Road in steel culverts before
entering another, larger empoundment.

This reservoir is also

largely filled in, although there is standing water above the
dam.

Shanty Creek enters the Grass River 0.8 miles below

(downstream from) Lake Bellaire.

In addition to the chemistry
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sampling site at Grass River Road (Station 5), two cross sections
were measured and biota collected at a site 50 feet below Station
5 (5b), and at the small dam located 0.3 miles above Station 5 (5c)
The bottom material in Shanty Creek is sand or gravel,
depending on the local current velocity and gradient.
5b the velocity on 13 November was 1.1 ft./sec.
primarily sand.

At Station

The bottom is

At Station 5c on the same date the average

velocity was measured at 2.38 ft./sec. (midstream) below the
dam, where the substrate is gravel and cobbles.

Above the dam

where the stream is wider and slower, the bottom is sand.
Cross Section, Station 5b
Width (inches)
(East)

13 Nov. 1983

Water Depth (inches)

0

0
•

(West)

15
24
32
36
48
63
68
72
84
96
108
120
130

9.5
10.5
12. 5
10.0
5.0
13.5
13.5
12.0
11.25
10.75
9.0
3.0
1.0

Bottom Material
Organic soil, sand
(overhanging ban!
Sand
Sand
Sand
Sand
Sand
Fine gravel
Fine gravel
Sand
Sand
Sand
Sand
Sand
Sand

At 23 to 29 inches from the east bank, the filamentous
algae Vaucheria sessilis was growing on top of the sand.

The

stonewart algae Chara occurred from 33 to 64 inches across the
stream.
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Two cores were taken 48 and 72 inches from the east
bank:
Core at 48 inches:
Depth below S.W.I. (inches)
0 - .8
.8 - 3.3

Light brown medium sand.
Dark grey muddy sand and black
detritus layers.
Light grey coarse sand and fine
gravel.
Light grey muddy medium sand.
Dark grey muddy sand.
Black muddy sand.
Light grey sand.
Dark brown sandy mud with detritus

3.3 - 5.3
5.3
6.1
8.1
8.3
9.4

-

Material

6.1
8.1
8.3
9.4
10.6

Core at 72 inches:
Depth below S.W.I. (inches)
0 - 1.2

Material
Light brown medium sand, leaves,
detritus, and some fine gravel.
Dark grey muddy sand (50%) and
fine sand (50%), a few gravel pieces,
Dark brown mud with detritus.
Light brown clean fine sand.
Detritus and sticks.
Dark brown medium to coarse sand.

1.2 - 4.7

00 00
u> H*

4.7 - 7.1
7.! - 8.1
- 8.3
- 10.6

Cross Section, Station 5c (20 ft. below small dam)
Width (Feet)'
(SE)

12 Nov. 1983

Water Depth (inches)

Bottom Material

0

0

1
2
3
4
5
6
7
8
9

2.0
2.5
4.5
5.5
2.5
7.0
8.0
7.0
6.0

Fine sand (50%) and gravel
(50%) leaves.
Light brown sand.
Sand and gravel.
Sand and gravel.
Fallen branch.
Log.
Sand and gravel.
Gravel with sand matrix.
Coarse and medium gravel.
Coarse and medium gravel.
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Width (feet)

Water Depth (inches)

10
11
12
(NW)

13.8

6.25
5.25
1.34
5.5
0

Bottom Material
Coarse sand.
Coarse sand.
Log.
Sand (80%), coarse gravel (20%).
Cobbles, leaves.

Some cobbles below the dam are covered with the green
algae Cladophera and aquatic mosses.
beds of water cress.

Above the dam are scattered

Water cress is also found along the stream

margins between M-88 and Grass River Road.
Many fish were seen at Station 5b.

Two brook trout

(T.L. 5.25 and 2.5 inches) and four slimy sculpins were taken
in the seine on 12 November.

No fish were seen at 5c.

Nine families of invertebrates were collected at Station
5b:
Number collected or
relative abundance
1. Insecta, Ephemeroptera, Ephemerellidae,
Ephemerella (Mayfly larve)
2. Insecta, Plecoptera, Pelodidae (stonefly
larve)
3 . Insecta, Tricoptera (caddis fly) case only
4 . Insecta, Hemiptera, Corixidae (water boatman)
5. Annelida, Oligochaeta (aquatic earthworm)
6. Amphipoda, Gammaridae, Gammerus (scud)
7. Gastropoda, Physidae, Phvsa (snail)
8. Pelecypoda, Sphaeridae, Sphaerium
(fingernail clam)
9. Pelecypoda, Lampsilinae (clam-shells only)
Eight families were collected at Station 5c:
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4
1
1
1
1
common
1
1
1

Number collected or
relative abundance
1.
2.
3.
4.
5.
6.

Ephemerellidae, Ephemerella (mayfly
Heptageniidae (?) (mayfly larve)
Tipulidae (crane fly larve)
Chironomidae (midge larve)
Glossosomatidae, Glossosoma (caddis
Limnephilidae (? case only) (caddis

larve)4
1
1
2
larve)2
fly)1

Stream Comparisons
Shanty Creek is the largest stream in terms of length,
watershed, and discharge.

It has a wide range of aquatic habi

tats and has a more diverse invertebrate fauna that the other
streams.

It is the only stream with a major fish component.

During the period of sampling, Shanty Creek flows were
very stable, a function of its large wooded watershed that
maintains a steady groundwater input to the stream.

Turbidity

was also very low (1.2-0.32 NTU) indicating no significant input
of clay-sized sediment.
The other four streams had a greater percentage variation
in their discharges as would be expected in smaller streams.
The sum of discharge for Streams 1-4 on November 1 was only
1.1 ft3/sec., compared with 8.85 ft3/sec.for Shanty Creek on
the same date.
Turbidities in the smaller streams were also more variable
than Shanty Creek.

A turbidity of 125 NTU, corresponding to a

muddy brown color, was found in Creek No. 1 on 25 October and
Creek No. 3 had turbidities of 55 and 32 NTU on October 15 and
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25 respectively.

At 55 NTU Creek No. 3 appeared "milky."

These high turbidities indicate erosion of clay sized soils
in the watersheds of Creeks No. 1 and 3.

For comparison, the

Traverse City Water Treatment riant reports the average turbidity
of the East Arm of Grand Traverse Bay (from 40 feet below the
surface) to be 0.3 NTU.
The pH of all streams on all dates ranged from 7.9 to 8.4
reflecting the well buffered carbonate soils in the watersheds.
Seven streams in the Grand Traverse area sampled by the Michigan
Department of Natural Resources in 1968 had an average pH of
8.0 (Michigan Water Resources Commission, 1970).
Only Stream No. 2 had a primarily gravel bottom.

Shanty

Creek had some large areas of gravel riffles below the dam at
Station 5c but otherwise the bottom was sand with isolated
gravel areas.
examined.)

(The upstream reaches of Shanty Creek were not

The other three streams had sand bottoms with only

the rare patch of gravel.
Bottom type is dependent upon the local geology and soils,
the stream gradient, the stream velocity, channel shape, and
inputs from disturbances of vegetative cover in the watershed.
The presence of buried gravel horizons in the core samples
may be evidence that the streams om.e had gravel bottoms.
Decreased water velocity or an increase in sand input from the
watershed could cause such changes.
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No measurements were made

of the streams' bed loads (the material moving along the stream
bottom - not in suspension), although from the sand deposits
observed (Stream No. 1 at M-88, No.3 at the ponds) the bed loads
appear significant.
The sediment retention pond near Stream No. 1 at M-88
will help keep larger (sand sized) particles out of the stream,
although the stand pipe (drain) design allows water with claysized particles (turbidity) to enter the stream before settling
takes place.

Recommendation
In order to maintain aesthetic quality and prevent offsite costs of sediment .removal, every effort should be made to
control erosion and vegetative cover disturbance in the water
sheds of these streams.

This is in fact required by Michigan

law (Act 347, 1972).
Any continued stream monitoring should consist of deter
minations of turbidity, bed load, discharge,precipitation,
stream bed type, and a photographic record.

Sampling plumes

at the stream mouths might also prove helpful if the impact
on the Lake Bellaire near shore zone is of concern.
Sampling should be done on a year-round basis so seasonal
changes in the stream flow do not mask watershed effects.
storm event study would also be informative.

A

Access to Shanty

Creek Resort property during a heavy rain could pinpoint sources
of turbidity to the streams.
- 21 -

APPENDICES

Table 1.

Particle size categories used by the
American Geophysical Union.

MM

INCHES

Medium boulders
Small boulders

1024-512
512-256

40-20
20-10

Large cobbles (=rubble)
Small cobbles

256-128
128-64

10-5
5-2.5

V. coarse gravel
Coarse gravel
Medium gravel
Fine gravel
V. fine gravel
V. coarse sand
Coarse sand
Medium sand
Fine sand •
V. fine sand
Silt
Clay

64-32
32-16
16-8
8-4
4-2
2-1
1-0.5
0.5-0.25
0.25-0.125
0.125-0.062
0.062-0.004
0.004-0.002

2.5-1.3
1.3-0.6
0.6-0.3
0.3-0.16
0.16-0.08
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