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DISCLAIMER

This report has been reviewed by the Environmental Research Laboratory,
Large Lakes Research Station, Environmental Protection Agency, Grosse Ile,
Michigan, and approved for publication. Approval does not signify that tte
contents necessarily reflect the views and policies of the U.S. Environmer:tal
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FOREWORD

The Great Lakes National Program Office (GLNPO) of the United States
Environmental Protection Agency was established in Region V, Chicago to focus

attention on the significant and complex natural resource represented by the
Great Lakes.

GLNPO implements a multi-media environmental management program drawing
on a wide range of expertise represented by Universities, private firms, State,
Federal and Canadian Governmental Agencies and the International Joint Commis-
sion. The goal of the GLNPO program is to develop programs, practices and
technology necessary for a better understanding of the Great Lakes system and
to eliminate or reduce to the maximum extent practicable the discharge of
pollutants into the Great Lakes system. The Office also coordinates U.S. actions
in fulfillment of the Agreement between Canada and the United States of American
on Great Lakes Water Quality of 1978.
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ABSTRACT

Limnological assessments, including water and sediment che. and
benthic macroinvertebrate community structure, were performed based vn
samples collected at 16 locations in Michigan'’s nearshore waters of
Lake Michigan in 1976. Tributary influence on Lake Michigan's water chemistry
were detectable only out to 0.5 km from shore. Tributary impacts on sediment
chemistry and macroinvertebrate communities were inconsistent. Based on the
water sampling and benthic macroinvertebrate communities results, the near-
shore waters were classified as oligotrophic in the central and northern
sections, and mesotrophic in southern Lake Michigan and Green Bay. Sediment
concentrations of heavy metals and nutrients were greatest in Green Bay and
southern Lake Michigan and were related to the percentage of fine sediment
(<0.05 mm diameter) present. Ninety benthic macroinvertebrate taxa were
identified with the amphipod Pontoporeia hoyi the most abundant macroinverte-
brate, followed by the oligochaete Stylodrilus heringianus. Substrate and
water depth exerted major influences on benthic macroinvertebrate communities.
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SECTION I

CONCLUSIONS

The detectable influence of rivers and lake outlets on water chemistry

was found up to 0.5 km from shore. This influence was generally exhibited
near the water surface and resulted in elevated concentrations of con-
ductivity, chloride, total phosphorus, chlorophyll a, alkalinity, chemical
oxygen demand, total organic carbon, total dissolved solids, organic
nitrogen, sodium, magnesium and calcium.

The influences of rivers on sediment chemistry was not detectable at the
stations nearest shore. Since sediments were not contaminated at stations
nearest shore, the contaminants entering via rivers were apparently either
dissolved in the water or attached to finer particles carried further
offshore and deposited.

No conclusions could be drawn concerning the impacts of rivers on the
benthic macroinvertebrate community at stations nearest to shore due to
the extreme variability found in these communities.

Based on water sampling and benthic macroinvertebrate communities, loc-
cations in the northern section of the lake, from the Pere Marquette
River mouth to the Manistique River were classified as oligotrophic;
locations in the southern section of the lake from the Galien River north
to the White Lake outlet were classified as mesotrophic; and locations in
Green Bay were mesotrophic approaching eutrophic conditions.

Medium to fine sand (0.10-0.50 mm diameter) was the major sediment component

at all depths at locations on the eastern shore of Lake Michigan. In
contrast, locations on the northern shore were generally more diverse with
locations in Green Bay containing more silty clay substrates and locations
on the northern portion of the lake dominated by medium to fine sand.

Concentrations of heavy metals, total Kjeldahl nitrogen, total phosphorus,
chemical oxygen demand, total organic carbon and volatile solids in sedi-
ments generally increased with increasing percentages of fine sediments

(<0.05 mm diameter). The highest concentrations were generally found within

Green Bay (locations 14-16) while the lowest concentrations were found at
the Pere Marquette River, Manistee River and Betsie Lake locations (9-11).

Ninety benthic macroinvertebrate taxa were found with community densitiles
ranging from 0 to 21 ,482/m?. Pontoporeia hoyi was the most abundant form,
averaging 2846/m?. Oligochaetes, primarily Limnodrilus hoffmeisteri and

Stylodrilus heringianus, were the next most abundant group averaging 672/m>.

Substrate and depth exerted the major influences on benthic macroinvertebrate

communities. Of the other factors examined, sediment chemistry, distance
from shore and rivers exerted relatively minor influences on benthic
macroinvertebrate communities.



SECTION 11

RECOMMENDATIONS

1. ~ie benthic macroinvertebrate communities at the Galien, St. Joseph and
D.ack River locations in southern Lake Michigan and Manistique and the
{r2en Bay locations in northern Lake Michigan should be monitored every
I.ve to seven years to determine if the conditions improve.

2. Y'anitoring should occur in the tributaries at these locations to determine
ad eliminate sources of contaminants.




SECTION 111

INTRODUCTION

The Great Lakes collectively constitute the world's largest reservoir
of fresh water and are a critical resource for both the United States and
Canada. Increasing population densities in the watershed will require
increased volumes of high quality water for municipal, industrial, commercial
and agricultural expansion. At the same time, there will be increasing
demands for high quality water for drinking, swimming, boating, fishing and
other recreational pursuits. The necessity for high quality water to maintain
existing natural aquatic ecosystems overlays these interwoven and often con-

flicting uses.

Future management strategies designed to utilize, protect and, where needed,
improve the Great Lakes water resources must be based on up-to-date and com-—
prehensive information. To provide such information the Michigan Department
of Natural Resources (MDNR) surveyed the water and sediment quality and benthic
macroinvertebrate communities at 16 locations in Michigan’s nearshore waters
of Lake Michigan during the summer of 1976. The objectives of this survey
were (1) to assess the impacts of river and lake outlets and (2) to identify
existing or background lake quality. 1In this report, lake quality is defined
as the quality of the aquatic ecosystem, with emphasis on water chemistry,
sediment chemistry, and benthic macroinvertebrate communities.

Lake Michigan has a volume of 4920 km3, a maximum depth of 281 m, and a
surface area of 57,580 km®. The Michigan portion of its shoreline is approx-
imately 2250 km. The nearshore waters, the focal point of this survey, were
defined as those waters from the shore to the 45 m depth contour. These
waters comprise roughly 35 percent of the lake's total volume. In the southern
portion of Lake Michigan, the 45 m contour occurs from 10 to 12 km offshore,
while in the northern portion the distance decreases to 4 to 5 km offshore.
Nearshore waters often exhibit chemical and physical characteristics quite
different from the open lake waters. Since the nearshore waters are a very
productive habitat for benthic macroinvertebrates (Alley and Mozley, 1975),
fish spawning, rearing and feeding (0'Gorman, 1978), they are the most sen-
sitive to subtal changes in water quality. Consequently, the nearshore waters
are the first to be adversely impacted by man's activities and can thereby
serve as an early warning of impacts on whole lake quality.



SECTION IV

METHODS

Sampling Design

Sixteen locations in the nearshore waters of Lake Michigan were sampled
during the summer of 1976 (Figure 1). All locations but one (Naubinway)
were at or near major river mouths or lake outlets which are tributaries to
Lake Michigan. Sampling started at the southernmost location (Galien River)
on July 6,1976 and progressed northward, ending at the Cedar River location
on August 19, 1976. Due to difficulties at the St. Joseph River on July 14,
this location was sampled on September 16, 1976 at the 30 m contour. Precise
locations for each station sampled are presented in Table A-1l.

The sampling design at each location was based on information gathered by
Mozley and Garcia (1972) and Mozley (1975) near the Donald C. Cook nuclear
power plant which is located in southern Lake Michigan near Stevensville,
Michigan. Mozley (1975) described sediment composition and benthic macro-
invertebrate populations in the nearshore waters near this plant. His
description of low benthic macroinvertebrate populations in water less than
eight meters and more stable and abundant populations in deeper waters prompted
a three tier sampling design (Figure 2). Tier one consisted of one station
(station 1) located at the interface of the river mouth and the lake in
approximately 6 m of water. Stations in this tier were not located in the
dredged channel at harbor mouths. Tier two consisted of three stations
(stations 2, 3 and 4) located along the 15 m contour and tier three consisted
of three stations (stations 5, 6 and 7) located along the 30 m contour.
Locations 3 (Black River) and 11 (Betsie Lake) each contained three additional
stations (stations 8, 9 and 10) at the 45 m contour. Location 13 (Manistique
River) contained three additional stations (stations 8, 9 and 10) located
within the harbor (Figure 2).

Water Samples

Water samples were collected one meter below the water surface and one
meter off the bottom with a PVC Van Dorn water bottle at stations 1, 3, 6
and 9. The samples were preserved, iced and shipped via air to the MDNR
Environmental Laboratory in Lansing, Michigan for analysis. The parameters
analyzed for, anmalytical techniques used, and laboratory sensitivities are
described in Table A-2. Selected constituents (temperature, pH, dissolved
oxygen, conductivity) were measured on-site at 2 m intervals from surface
to the bottom with a Martek Mark II water quality analyzer.

Sediment and Benthic Macroinvertebrate Samples

Bottom sediments and benthic macroinvertebrate samples were collected with
a Ponar grab samples (522 cm?) at all stations. Sediments for chemical
analysis were packaged in glass jars, placed on ice and shipped via air to the
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MDNR Environmental Laboratory in Lansing. Sediment samples for analysis of
particle size composition were collected as above and delivered to the Soil
Science Laboratory at Michigan State University, East Lansing, Michigan.
The sediment constituents measured, analytical techniques used and labora-
tory sensitlvities are described in Table A-3.

Benthic macroinvertebrate samples were sieved through a U.S. standard
#30 mesh sieve. The residue was placed in a quart jar in 5% buffered
formalin and returned to the MDNR Aquatic Biology Laboratory for enumeration
and identification to the lowest possible taxon.

Oligochaetes were keyed primarily according to Brinkhurst and Jamison
(1971) and Hiltunen (1967). Chironomids were identified primarily according
to a preliminary key prepared by Hamilton et al. (unpublished). Pelecypoda
were classified according to Walter and Burch (unpublished), and Gastropoda
according to Heard and Burch (1966). Trichoptera were identified following
Wiggins (1977) with other macroinvertebrates identified following Pennak

(1953).



SECTION V
RESULTS AND DISCUSSION

WATER

General

All data are summarized in Tables A-4, A-5 and A-~7. The following two
sections highlight these results and compare them to other studies. Station 1
data was excluded from the analyses due to the close proximity of this station
to rivermouths and lake outlets. Data from station 1 are discussed and compared
in a subsequent section relating to the effects of rivers on Lake Michigan.

Physical and General Chemical Data

Temperatures ranged from 6.0 to 25.2°C. Mean lakewide surface temperature
was 20.1°C, with a mean of 20.6°C at locations 1-11 on the eastern shore and
19.1°C at locations 12-16 on the north shore. A thermocline was generally
found at the 20-25 m depth.

Dissolved oxygen values ranged from 7.7 to 12.2 mg/l. All values were
greater than the minimum level required by Michigan's Water Quality Standards
(6.0 mg/l). Values were normally near the 100% saturation level with slight
reductions in some bottom samples.

Turbidity values ranged from less than 1 to 13 formazin turbidity units
(FTU) . Average location values ranged from 0.5 to 3.5 FTU with a lakewide
average of 1.8 FITU. Measurements of water transparency were also made with
a secchi disc. Secchi disc transparency ranged from 0.4 m at location 6 to
9.8 m at location 13. There was a general trend of increasing secchi disc
reading from south to north, excluding Green Bay, with northern locations
averaging 2 to 4 times greater transparency than locations in the southern
lake. Secchi disc readings usually increased with distance from shore with
these changes more cobvious in the southern basin. Secchi disc readings were
comparable to results reported by Schelske and Callender (1970) and Schelske
and Roth (1973).

Average suspended solids values ranged from 1 mg/l at locations 13 and 14
to 9 mg/1l at locations 7 and 15. Suspended solids values are partially re-
flected in turbidity and secchi disc readings. Suspended solids also showed
a decrease from south to north, excluding Green Bay, indicating increased
transparency in the northern section of the lake.

Total dissolved solids ranged from a mean of 147 mg/l at location 12 to
164 mg/l at location 3 with a lakewide average of 157 mg/l. These values were
very close to the average summer values (154-156 mg/l) found by Powers and
Ayers (1967).



Mean specific conductance ranged from 256 Umhos/cm at the Galein River
(location 1) to 278 umhos/cm at White Lake (location 8) with a lakewide
average of 270 ymhos/cm. These values were similar to values reported by
other authors (Torrey, 1976; Auer et al., 1976).

Mean chloride concentrations ranged from 7.6 mg/l at locations 13 and 14
to 9.1 mg/l at location 1 with a lakewide mean of 8.3 mg/l. These concentra-
tions were higher than those found by Beeton and Moffett (1964) and correspond
well with predicted increases of others (U.S. EPA, 1980). The concentration
of chlorides has been reported as increasing in Lake Michigan over the past
century with an acceleration in the rate of increase in the recent years
(Beeton, 1965). Chloride sources include municipal and industrial effluents,
 atmospheric -and tributary inputs. Several major Michigan industries dis-
charging high salt concentrations recently reduced their salt inputs to
Lake Michigan., However, road salt, which may account for 40 to 457 of the
total chloride loadings to Lake Michigan has not decreased (U.S. EPA, 1980).

Average sulfate concentrations ranged between 19 to 24 mg/l with a lake-
wide mean of 22 mg/l. Results for both chlorides and sulfates were similar
to concentrations reported by other authors (USDOI, 1968; Powers and Ayers,

1967; Torrey, 1976).

Mean sodium concentrations ranged from 4.2 to 5.0 mg/l with a lakewide
mean of 4.5 mg/l. Potassium location means varied little, ranging from 0.9
to 1.4 mg/l with a lakewide mean of 1.0 mg/l. These values fell within the
‘range of concentrations reported for Lake Michigan by Torrey (1976). Beeton
(1965) concluded that sodium and potassium concentrations remained constant

from 1907 to 1962.

Calcium and magnesium are the main elements comprising hardness in
Lake Michigan. Calcium location means ranged from 31 to 37 mg/l as CaCO;,
with a lakewide average of 34 mg/l as CaCOs3. Concentrations were similar to
Lake Michigan results reported by Torrey (1976). Magnesium concentrations were
also very consistent throughout the lake with location means ranging from 12
to 14 mg/l and a lakewide mean of 12.5 mg/l. As with calcium, results were
similar to other reported values (Copeland and Ayers, 1972; Industrial Bio-~
Test 1972; and Limnetics, 1974).

Hydrogen ion concentrations (pH) ranged from 7.8 to 8.9 pH units. The
majority of values were between 8.4 and 8.8 pH units. Generally surface
waters were more alkaline than bottom waters. These pH values were similar
to values reported in other studies (Torrey, 1976). Alkalinity, an indirect
measurement of the buffering capacity of water, averaged 107 mg/l as CaCO;
throughout the lake while location means ranged from 99 mg/l at Naubinway
(location 12) to 114 mg/l at the Grand River (location 6).

Total iron location means ranged from 10 to 188 mg/l with a lakewide mean
of 87 mg/l. Two values, one each at locations 1 and 14, were greater than
300 ug/l, indicating possible exceedance of the Michigan Water Quality Standarc

for filterable iron (300 ug/l).



Chemical oxygen demand (COD) measurements ranged from 2.1 to 12.1 mg/l.
Location means ranged from 4.2 to 9.4 mg/l with a lakewide mean of 6.8 mg/l.
Most of the values reported by Torrey (1976) from various intakes in the
southern lake basin were similar to these concentrations.

Total organic carbon (TOC) location means ranged from 1.6 to 3.7 mg/l

with a lakewide mean of 2.2 mg/l. Concentrations of TOC decreased from south
to north, except for Green Bay locations.

Nutrients and Chlorophyll a

Location means for nitrate plus nitrite ranged from 0.06 to 0.24 mg/l with
a lakewide mean of 0.17 mg/l. These concentrations were slightly higher than
most reported open lake summer values summarized by Torrey (1976). The values
from locations 14-16 in Green Bay were considerably lower than concentrations
elsewhere in Lake Michigan.

Total ammonia location means ranged from 0.002 to 0.016 mg/l with a lake-
wide average of 0.007 mg/l. Concentrations were highest in southern Lake
Michigan and lowest in Green Bay. These values were similar to concentrations
from previous studies summarized by Torrey (1976).

Organic nitrogen location means ranged from 0.15 mg/l at locations 10 and
11 to 0.32 mg/1 at locations 15 and 16 with a lakewide average of 0.21 mg/l.
These values were similar to results reported by USDOI (1968) and Robertson
and Powers (1968). Highest concentrations of organic nitrogen were found in
Green Bay along with the lowest concentrations of inorganic nitrogen (nitrate,
nitrite and ammonia). Excluding the Green Bay locations, there was a general
decrease in organic nitrogen concentrations from the southern to northern
locations.

Mean total Kjeldahl nitrogen (TKN), the sum of organic nitrogen and ammonia
nitrogen, ranged from 0.15 mg/l at locations 10 and 11 to 0.33 mg/l at location
15. As indicated, organic nitrogen concentrations were an order of magnitude
greater than the ammonia concentrations. Since total Kjeldahl nitrogen was
comprised primarily of organic nitrogen, TKN varied similar to organic nitrogen.

Total phosphorus concentrations ranged from 0.003 to 0.035 mg/l with a lake-
wide mean of 0.010 mg/l. Location means ranged from 0.005 mg/l at locations 10
and 11 to 0.016 mg/l at location 15. Concentrations were highest in Green Bay
(locations 14-16); somewhat lower at the southern locations; and lowest at the
northern locations 9-13. These results were similar to those summarized by
Torrey (1976) for Lake Michigan.

Total orthophosphorus location means ranged from 0.001 to 0.005 mg/l with
a lakewide average of 0.002 mg/l. Orthophosphorus concentrations followed a
pattern similar to total phosphorus, with greatest concentrations at locations
in Green Bay. Orthophosphorus concentrations were similar to those summarized
for Lake Michigan by Torrey (1976).

-10-




Mean dissolved silica concentrations ranged from 0.2 mg/l at location 13
to 1.1 mg/1 at location 2 with a lakewide mean of 0.6 mg/l. These concen-
trations were less than values reported in lakewide surveys by Beeton and
Moffett (1964) and were greater than those found by Schelske and Callender
(1970).

Mean chlorophyll a values ranged from 1.1 ug/l at location 13 to 4.8 ug/l
at location 2. The lakewide mean value was 2.2 ug/l.

In summary, locations 9-13 had the greatest water clarity as indicated by
secchi disc readings, total dissolved solids, suspended solids and turbidity,
the least nutrients (nitrogen, phosphorus and silica), and the lowest phyto-
plankton productivity (chlorophyll a). Water quality at locations 1-8 was
not as good as that at locations 9-13. Water clarity at locations 1-8 was
reduced, while nutrient levels and chlorophyll a values increased. Reduced
water quality was even more pronounced at locations 14-16. 1In addition to
reduced water clarity and increased nutrients and chlorophyll a at locations
14-16, there was a reduction in inorganic nitrogen relative to the other
locations. The nitrogen:phosphorus ratio at locations 14-16 was less than
15:1, indicating a nitrogen limited system (U.S. EPA, 1974a). Conditions
deteriorated with distance into Green Bay. The Menominee River stations,
furthest into Green Bay, had the lowest nitrogen:phosphorus ratios of all
stations.

Effect of Rivers and Lake Outlets

Chemical constituents 1n the nearshore waters of Lake Michigan varied con-
siderably among stations 1, 3 and 6 in 1976. Conductivity, chlorides, total
phosphorus, chlorophyll a, alkalinity, chemical oxygen demand, total organic
carbon, total dissolved solids, organic nitrogen, sodium, magnesium and calciu
were generally higher at station 1 than statlions 3 and 6. Nine of sixteen
locations (1, 2, 4, 6-10 and 14) generally had higher concentrations at
station 1 than at stations 3 and 6. This may reflect the influence of rivers
at these locations. Available MDNR water chemistry monitoring data for July,
1976 for locations 2, 4, 6-10, and 14 (Table A-14 in the appendix) showed
higher concentrations of the elevated constituents in the rivers than at
station 1, implicating the rivers as the source of these constltuents.

To analyze the effects of rivers the ratios of the mole percentages of
major cations (calcium, magnesium, sodium) and anions (chloride, sulfate,
biocarbonate) were plotted for all stations sampled in Lake Michigan (Figures
3 and 4). Generally, the cation composition in Lake Michigan was about 54%
calcium, 337% magnesium and 13% sodium (Figurxe 3) while the anion composition
was about 70% bicarbonate, 15% sulfate and 15%chloride (Figure 4). Distinct
outliers were evident for station 1 samples from locations 4 and 6-10. These
locations, especially location 10, had elevated percentages of Cl and Na,
indicating the influence of rivers at station 1 at these locations.

Of the seven locations which exhibited no elevated constitutents at

station 1, one location (Naubinway) had no rivermouth nearby. MDNR water
chemistry monitoring data was available for three (locations 11, 12, 16) of

-11-
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the remaining six locations. The available MDNR water chemistry monitoring

data for July, 1976 indicated elevated concentrations of most constituents in
the Betsie and Manistique Rivers (locations 11 and 13, respectively), relatively
to nearshore Lake Michigan values, with no discernable difference in the
Menominee River (location 16) (Table A-15). At Manistique, the Manistique

River elevated concentrations of most constituents at station 9, situated

in the harbor, but not at station 1, situated about 0.5 km southeast of the
rivermouth.

The magnitude of impact upon Lake Michigan by a river largely depends on
river volume and type of watershed. For example, large rivers with industri-
alized and urbanized watersheds have much greater impacts than smaller rivers
with rural watersheds. The locations where station 1 constituents were most
influenced by rivers were the St. Joseph, Kalamazoo and Grand Rivers, all of
which are large rivers with industrialized and urbanized watersheds.

The influence of rivers did not extend very far into Lake Michigan. At
the river-influenced locations, station 1 was less than 0.5 km from the
rivermouth, while station 3, the station closest to station 1, was located
between 2 and 4 km from the rivermouth. Since concentrations of most consti~
tuents were less at stations 3 and 6 than at station 1 and station 3 was not
significantly different than station 6 (P<0.01), the influence on Lake Michigan
rivers appeared to extend at least 0.5 km but less than 2 km from the river-
mouth. Further, this influence appeared to be mainly confined to the surface.
All river influenced locations exhibited elevated concentrations at the 1 m
depth but not at the bottom, except for the Escanaba and Manistique locations.
At these two locations, concentrations were elevated at the bottom depth but
not at the 1 m depth, indicating subsurface river influence.

Trophic Status

Since impacts from rivers on Lake Michigan were not discernable beyond
0.5 km from the rivermouth, results from stations 3 and 6 at all locations
were analyzed to assess lakewlde trophic status. Dobson et al. (1974)
defined trophic status in Great Lakes on the basis of nutrient levels, tur-
bidity (secchi disc reading), and phytoplankton productivity (chlorophyll a
values). Using the Dobson et al. (1974) criteria, locations 9-13 in central
Lake Michigan were classified as oligotrophic, locations 1-8 in southern
Lake Michigan mesotrophic and location 14-16 in Green Bay were mesotrophic,
bordering on eutrophic (Table 1).

SEDIMENT

Physical Analysis

Medium to fine sand (0.10-0.50 mm diameter) was the major sediment com-
ponent at all depths for locations on the eastern shore of Lake Michigan
(locations 1-11) (Table A-7). At these locations medium to fine sand comprised
over 80% by weight of the substrate at most stations. Since sediment particle
size was very consistent at all depths, sufficlent energy apparently existed




Table 1 Classification of 16 locations in Lake Michigan using Dobson et al.
(1974) criteria for physical-chemical water characteristics. Criteria
and mean concentrations calculated by pooling data from stations 3 and 6
for each location. The trophic classification is based on the following

criteria:
Secchi disc Chlorophyll a Particulate Phosphorus
Trophic classification (m) (ug/1) { pg/1 as P
Oligotrophic (0) >6.0 <4.4 <5.9
Mesotrophic (M) 3.0-6.0 4.4-8.8 5.9-11.8
Eutrophic (E) <3.0 >8.8 >11.8
Secchi Particulate Approximate
disc Chlorophyll a Phosphorus Trophic
Location Mean {m) (ug/1) {ug/1 as P) Other Notes Classification
1 3.0(M) 1.2(0) €(M) ’ M
2 3.8(M) 4.8(M)* 8(M) M
3 0.9(E) (no sample) 7(M) M
-4 4.0(M) 2.2(0) 5(0) o/
5 3.6(M) 3.2(0) 8(M) M
6 1.6(E) 3.2(0) 8{M) M
7 4.3(M) 2.2(0) 18(E) M
8 4.0(M) 2.8(0) 8(M) M
9 4.6(M) 2.6(0) 5(0) o/M
10 7.0(0) 2.5(0) 3(0) 0
11 6.7(0) 2.4(0) 2(0) 0
12 7.0(0) 1.8(0) 6(M) 0
13 9.8(0) 1.1(0) 3(0) 0
14 4.2(m) 2.2(0) 13(E) Reduction of inorganic Nitrogen M.
15 5.5(M) 1.8(0) 10(M) Reduction of inorganic Nitrogen M
16 3.2(M) 2.4(0) 10(M) Reduction of inorganic Nitrogen M

*September 16 value, all other values July and August, 1976
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rm wave-induced turbulence or alongshore currents to prevent the settling of
1.e suspended particles at these locations. Exceptions of this trend were
t.»# predominant silty-clay substrates (<0.05 mm diameter) found at the

S. Joseph River at the 30 m contour and the Black River at the 45 m contour
siuated 11 and 12 km offshore, respectively. The silty-clay substrates at
tiese two locations indicated that sufficient depth was present to avoid wave-
iiruced turbulence and distance from shore was adequate to avoid alongshore
<irrents.

i
&

In contrast to the eastern shore, locations 12-16 on the northern shore of
iLxe Michigan had variable substrate types. Substrates at each of these loca-
tons were generally more diverse than at locations 1-11. Two general patterns
0 substrate composition were found: the locations in Green Bay (14-16)
coitained more silty~clay substrate while locations 12-13 outside of Green Bay
wre dominated by medium to fine sand.

The three locations in Green Bay, the Escanaba, Cedar and Menominee Rivers,
a’. contained stations which were dominated by silty-clay substrates. It
2inears these bays generally reduce turbulence and currents thereby allowing
s2tling of finer sediments from the water column. Silty-clay substrates were
emecially pronounced at the Escanaba River where four of the seven stations
wre dominated by silty-clay substrates. Since all stations at this location
wre situated within Little Bay De Noc at distances less than 2 km from shore,
tie Bay evidently reduced turbulence and currents at this location.

The Naubinway and Manistique River locations (locations 12 and 13) were
gnerally dominated by medium to fine sand, similar to sediments along the
exstern shore of Lake Michigan. The percentage of coarser sediments increased
¥th some stations containing over 50% gravel. This may have been due to the
wmnv islands and submerged reefs in this area which contribute to localized
tirbulence and areas of gravel sediments. The Manlistique harbor at stations
610 had a unique substrate composed primarily of wood chips. This substrate
cintained high percentages of organic matter (12-40%) due to the presence of
wod chips in the substrate.

Ciemical Analysis

The highest sediment concentrations of heavy metals, total Kjeldahl
nzrogen (TKN), total phosphorus (IP), chemical oxygen demand (COD), and
twal organic carbon (TOC), were generally found within Green Bay (locations
i-, 15, 16). The lowest concentrations of heavy metals, TKN, TP, COD and
T were found at the Pere Marquette River, Manistee River and Betsie Lake
iwations (9-11). Concentrations nearly as low were found at the Galien and
Mmistique Rivers (outside of the harbor at stations 1-7).

Concentrations at station 1 were generally lower than the concentrations
a- sther stations further offshore. Station 1 was the station most impacted
b rivers, based on the water chemistry results. The general lack of sediment
cuitamination at station 1 indicates that the contaminants entering via rivers
wra either dissolved in the water or attached to finer particles carried
iywwrsher offshore before deposition.
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Total copper concentrations ranged from 0.1 to 71 mg/kg with most concen-
trations less than 10 mg/kg (Table A-9). Sediments at locations 3 (45 m) and
14 (15 m) were greater than 40 mg/kg, while the mean lakewide concentration,
excluding these stations, was 3.5 mg/kg.

Total mercury concentrations ranged from <0.01 to 0.38 mg/kg. Highest
concentrations were found at locations 3 (45 m) and 14 (6 and 15 m).

Total cadmium concentrations ranged from <0.1 to 3.7 mg/kg. Highest
concentrations were found at locations within Green Bay (locations 14-16),
where nine of twenty-one samples were greater than 1 mg/kg.

Total chromium concentrations ranged from 0.2 to 52 mg/kg. Sediments at
locations 3 (45 m) and 14 (15 m) contained greater than 30 mg/kg, while the
mean lakewide concentration, excluding these stations, was 4.6 mg/kg.

Total zinc concentrations ranged from 2.0 to 350 mg/kg. Sediments at
locations 2 (30 m), 3 (45 m), 12 (20 m), 14 (15 m), and 16 (30 m) exceeded
90 mg/kg. Lowest concentrations were found at locations 9-11, where all
values were less than 20 mg/kg.

Total nickel concentrations ranged from <0.1 to 140 mg/kg, with most con-
centrations less than 20 mg/kg. Concentrations were greatest within Green Bay
at locations 14 (15 m), 15 (30 m), and 16 (30 m). .

Total lead concentrations ranged from <0.2 to 190 mg/kg with most values
less than 20 mg/kg. Concentrations were greatest at locations 3 (45 m) and
14 (15 m).

Total iron concentrations ranged from 610 to 140,000 mg/kg, with most
values less than 7,000 mg/kg. Highest concentrations were found at location
15 (15 and 30 m). Concentrations were generally lower at locations 1-11 than
locations 12-16.

Total manganese concentrations ranged from 3.3 to 47,000 mg/kg and were
extremely variable. Lowest concentrations were found at location 1, with a
location mean of 9 mg/kg. Highest concentrations were found at locations 15
and 16, with location means of 6930 and 9673 mg/kg, respectively.

Total Kjeldahl nitrogen (TKN) station concentrations ranged from 14 to
13,400 mg/kg. Mean concentrations were lowest at location 9 (41 mg/kg) and
highest at location 14 (4471 mg/kg).

Total phosphorus (TP) concentrations ranged from 21 to 1900 mg/kg, with
most concentrations less than 200 mg/kg. Highest concentrations were found
at location 14, with a mean of 4471 mg/kg.

Chemical oxygen demand (COD) ranged from 480 to 460,000 mg/kg, with most
values less than 10,000 mg/kg. Concentrations were greatest at locations 13
(within the breakwall) and 14 (6 and 15 m). Concentrations were generally
lower on the eastern shore (locations 1-11) than the northern shore (locations
12-16).
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Total organic carbon (TOC) concentrations ranged from 0.21 to 5 g/kg with
a lakewide mean of 4.2 g/kg. Concentrations greater than 10 g/kg were found
at locations 3 (45 m), 13 (6 m), 14 (6 and 15 m), and 16 (30 m). Lowest
concentrations were found at locations 1, 8, 9. 10, and 11, where location
means were all less than 1 g/kg.

Total volatile solids values ranged from 0.1 to 40%, with the vast majority
of values less than 2%. Generally, higher values were found at locations 13
(6 m), 14 (15 m), and 16 (15 m).

Concentrations of hexane-extractable oils ranged from <10 to 3440 mg/kg,
with concentrations generally less than 300 mg/kg (Table A-10). Concentrations
were higher at north shore locations (12-14) than at eastern shore locations
(1-11). Sediments at locations 2 (30 m) and 13 (6 m) contained the highest
levels,

The pesticides dieldrin, chlordane, DDD, DDE, and DDT were not found in
detectable concentrations except for DDT at locations 4 (4 stations, x =
6.1 ug/kg) and 8 (1 station at 7.4 ug/kg) (Table A-10).

Polychlorinated biphenyls (PCBs) were found only at locations 13 and 14
(Table A-10). Both areas of PCB contamination were located close to shore,
indicating the rivers as the source of contamination. At location 13, sampling
in 1977-78 (Kenaga, 1981) of fish and sediments showed that the source of PCBs
was the Manistique Pulp and Paper Company.

Particle Size - Chemistry Relationship

Concentrations of heavy metals, TKN, TP, COD TOC and volatile solids generally
increased with increasing percentages of fine sediment (<0.5 mm diameter) in
the substrate. The concentrations of all parameters were highly correlated
(P<0.01) with the percent silt/clay content of the sediment at the 15 and 30 m
contour, except for lead (15 and 30 m), manganese (15 m) and iron (15 m)

(Table 2). Mercury and cadmium were not included in the correlateions because
most conceritrations were below the level of detection. Concentrations also
increased with increasing depth (Table A-9). This trend was especially pro-
nounced where the percentage of fine sediments also increased, indicating

an association between the settling of fine sediments, water depth and sedi-
ment concentration. The Escanaba River at the 15 m contour was an exception

to this association since the 15 m contour sediments contained a high percent-
age (>44%) of fine materials. This location was well within Little Bay De Noc,
which probably reduced the turbulence and allowed fine sediments to settle at
this contour.

BENTHIC MACROINVERTEBRATES

General

A total of ninety taxa were identified from the sixteen locations sampled
and these taxa consisted of 39 Oligochaeta, 25 Chironomidae, 6 Gastropoda,
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Table 2 Correlation between selected chemical parameters and percent silt/
clay composition of sediment at 16 locations, Lake Michigan, 1976.
Number Correlation

Parameter Sampled Depth (m) Coefficient (r)
Total Organic Carbon 15 15 *0.98

16 30 *0.84
Total Volatile Solids 15 15 *0.91

15 30 *0.73
Chemical Oxygen Demand 16 15 *0.98

15 30 *0.89
Total Phosphorus 16 15 *0.79

16 30 *0.86
Total Kjeldahl Nitrogen 16 15 . *(.98

16 30 *0.80
Total Solids 15 15 *0.29

15 30 *0.89
Iron 16 15 0.28

16 30 *0.70
Manganese 16 15 0.06

16 30 *0.65
Copper 16 15 *(.98

16 30 *0.87
Chromium 16 15 *0.96

16 30 *0.82
Lead 16 15 0.24
) 16 30 0.30
Nickel 16 15 *0.96

16 30 *0.77
Zinc 16 15 *0.96

16 30 *0.78

*Highly significant correlation (P<2.01)
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3 Pelecypoda and Amphipoda, 2 Hirudinea, Ephemeroptera, Coleoptera, and
Trichoptera, and 1 Mysidacea, Isopoda, Turbellaria, Nematoda, Polychaeta and
Corixidae. The mean number of taxa per station was 9 with a range from

0 to 26.

The lakewide mean number of organisms was 4012/m? with location means
ranging from 979 to 8943/m®*. Pontoporeia hoyi was the most abundant taxon
found, averaging 2846/m? lakewide with location means ranging from 96 to
5565/m?. Oligochaetes were the next most abundant group, averaging 672/m*
lakewide with location means ranging from 71 to 1700/m?. Oligochaetes were
primarily represented by Limnodrilus hoffmeisteri and Stylodrilus heringianus.

The abundance, diversity and distribution of benthic macroinvertebrates
is dependent on various factors including water depth, turbulence, temperature,
sediment composition, light intensity, chemical composition of water and sedi-
ment, availability of food, and interspecific and intraspecific behavior.
Oftentimes these factors are interrelated such that it is impossible to
identify the effect of each factor on abundance, diversity and distribution.
To delineate the relative importance of factors influencing the benthic macro-
invertebrate community, the influence of substrate composition, water depth,
sediment chemistry, distance from shore and river influence upon the benthic
macroinvertebrate communities were examined in this report.

Although it has been difficult to determine specific physical-chemical
influences, benthic species composition, abundance and distribution have been
used as indicators of lake quality in Lake Michigan (Brinkhurst, 1974; Mozley
and Howmiller, 1977). These authors found changes in the oligochaete community
which they related to lake quality. They found communities dominated by
Stylodrilus heringianus in high quality which changed to communities dominated
by Aulodrilus spp. and Peloscolex ferox in moderately degraded lake quality and
Limnodrilus hoffmeisteri dominated communities in severely polluted waters.

In this report, relative abundance of oligochaetes and other taxonomic groups,
particularly Pontoporeia hoyi and oligochaete community species composition,
were used as primary indicators of lake quality.

Effect of Substrate

Substrate composition definitely affected benthic macroinvertebrate species
diversity, density and distribution. When substrates were similar, benthic
macroinvertebrate communities were also similar. As discussed in the sediment
section, substrate composition was primarily medium and fine sand (0.1-0.5 mm
diameter) at all locations on the eastern shore of Lake Michigan (locations 1-11).
At these locations there were no differences in the composition and abundance
of benthic macroinvertebrate communities at the 30 m contour. Differences in
community composition at the 6 and 15 m contours were not related to changes in
substrate composition because the substrate composition did not vary greatly.

The greatest influence of the medium and fine sand substrates on the benthic
community was found at locations 9-11, where substrate was least variable. The
highly uniform sandy substrate at these locations resulted in fewer organisms
and the lowest average number of taxa per station (5). These findings were
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expected since sand is considered the poorest benthic macroinvertebrate
habitat (Hynes, 1970). Since these locations had the best water quality
(high clarity, well oxygenated, low nutrients and primary productivity) and
no sediment contamination, substrate composition appeared to be the limiting

factor for the benthic community.

As substrate became more diverse at the northern shore locations (12-16),
benthic macroinvertebrate communities also became more diverse. The number
of taxa increased to an average of 14 per station versus 7.5 per station at
locations 1-11. Location 12 (Naubinway) had the highest mean number of taxa
per station (22), the most total taxa (48) and one of the most diverse sub-

strates.

Some authors have found increases in benthic macroinvertebrate numbers
associated with increases in finer sediments in Lake Michigan (Mozley and
Alley, 1973). 1In this project, abundance did not always increase with increas-
ing silt and clay content. High numbers or organisms were generally associated
with increased amounts of silt and clay in the substrate. The substrates with
the greatest amounts of silt and clay (St. Joseph River location, stations
5-7; Escanaba River location, stations 2-4), however, did not have the highest

numbers of organisms.
£

Since Pontoporeia hoyl was the most abundant benthic organism found at
most stations, the relationship between P. hoyi abundance and substrate type
was examined. Both P. hoyi abundance and percent silt/clay content of the
substrate generally increased with depth, suggesting a relationship between
these variables. At seven of the sixteen locations, increases in P. hoyi
abundance correlated significantly (P<0.05) with increases in the percent
silt/clay content of the substrate (Table 3). At six of the seven locations,
significant (P<0.05) positive correlations were also found between P. hoyi
and total organic carbon concentration in the substrate (Table 3). Fine .
sediments rich in organic matter may serve as food for benthic organisms.
However, large proportions of the organic matter in Great Lakes sediment were
found to be composed of barely digestible humic acids and kerogen (Kemp, 1969).

Oligochaete abundance was also significantly positively correlated
(P<0.05) with the silt/clay content of the substrate at seven locations (1,
4-7, 13, 15). Oligochaete abundance was significantly (P<0.05) correlated
with both TOC concentratiems and silt/clay content of the substrate at four
locations (4~7). At four locations (5-7 and 15), similar increases in
Pontoporeia hoyi abundance occurred, indicating that substrates may have been
a primary factor controlling abundance at these locatlons. At five of the
seven locations (1, 4-7), the oligochaete community was dominated by

Stylodrilus heringianus.

Both Pontoporeia hoyi and oligochaete abundances were significantly
negatively correlated (P<0.05) with medium to fine sand (0.1-0.5 mm) at seven
locations (Table 3). At four of the seven locations (4-6, 13) oligochaetes
were negatively correlated with medium to fine sand and positively correlated
with the silt/clay content. Similar results were found for P. hoyi at
four locations (2, 5, 6, 8). At two locations (5, 6) similar correlations
existed for both P. hoyi and oligochaetes, indicating substrate to be a primary
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determining factor at these locations.

Effect of Depth

Average benthic macroinvertebrate abundance increased with depth at all
locations except Manistique, primarily due to increases in Pontoporeia hoyi
(Figure 5). The numbers of P. hoyi were significantly positively correlated
(P<0.05) with depth at 11 of 16 locations (Table 1), attesting to the
influence of depth on this species' distribution.

The pattern of community composition and abundance found at the various
depths agreed well with patterns described by Mozley and Howmiller (1977).
Station 1 averaged 6 m in depth over the 16 locations in this project and was
comparable to Mozley and Howmiller's (1977) first zone (0-8 m). The community
at station 1 was dominated by chironomids and oligochaetes at all locations
except the Grand River location which was dominated by Pontoporeia hoyi.
Numbers of organisms were variable between 0 (location 2) and 2415/m°
(location 15) and were most often less than the number found at the deeper
stations (2-7). The lower numbers reflected the harsh conditions present in
this shallow zone.

Stations 2-4 were located at approximately the 15 m contour, comparable
to Mozley and Howmiller (1977) second zone (8-25 m). Abundance at stations
2-4 were usually greater than at station 1 and the communities were generally
dominated by Pontoporeia hoyi. Abundance and composition were less variable
at stations 2-4 than at station 1.

Stations 5-7, located at the 30 m contour, and stations 8-10 at 45 m
(locations 3 and 11 only), were within Mozley and Howmiller's (1977) 24-54 m
zone. These deeper stations had greater abundance than stations 1-4 and
relatively stable species composition. Pontoporeila hoyi numerically dominated
most samples while Stylodrilus herringianus was the predominant oligochaete
found in this zone.

Since consistent changes in benthic community composition were found with
depth, depth was a major factor in determining the types and abundances of
nearshore macroinvertebrates in Lake Michigan.

Effect of Sediment Chemistry

On the eastern shore where substrates were generally similar, no impacts
were detected from elevated heavy metal concentrations in the sediments.
Generally, a macrolnvertebrate community has fewer taxa and lower abundance
when impacted by a toxicant (Hynes, 1960; Warren, 1971). Neither the number
of taxa nor abundance were reduced at the stations which contained elevated
heavy metal concentrations, indicating no toxicity from these sediments.

On the north shore, four of the five locations contained sediments with
elevated levels of heavy metals at cither the 15 m or 30 m contour. At the
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0 m contour at location 12, stations 5 and 7 contained elevated levels of
nanganese, iron, zinc and nickel. Essentially no differences in benthic
nacroinvertebrate composition, abundance of diversity were found among stations
i, 6 and 7 at location 12, indicating no toxicity from these sediments.
4inimal impacts from heavy metal concentrations may have occurred at locations
4 (15 m), 15 (30 m) and 16 (30 m). At these locations abundance of
_imnodrilus sp. plus immature tubificids without hair setae (possible
“imnodrilus) increased. Wentsel (1977) examined sediment contamination and
senthic macroinvertebrate abundance in an Indiana lake and found that
Limnodrilus spp. were relatively abundant in the most heavily impacted areas
sf the lake. However, concentrations of heavy metals were roughly twenty
=imes higher than concentrations present at locations 14-16. Although
~imnodrilus abundance increased, total abundance, composition and diversity
was not dramatically different, indicating only slight effects from these
1eavy metal concentrations.

Concentrations of nutrients in sediments (TKN, TP or TOC) were positively
:orrelated(P< 0.05) with Pontoporeia hoyl and oligochaete numbers at ten and
seven locations respectively (Table 3). However, of the four locations (3,
14-16) which contained the highest nutrient concentration, three locations
(3, 14, 16) had no significant (P< 0.05) correlation between TKN, TP or TOC
and P. hoyi or oligochaete numbers.

Distance from Shore

For stations located at similar depths but at different distances from
shore, those stations closest to shore generally contained fewer organisms
(Table 4). Benthos abundance was quite variable at these stations and may
have been influenced by other factors such as depth, upwelling, or geograph-
ical location. Alley and Mozley (1975) had similar results and they concluded
that the impacts of distance from shore were minor realtive to other factors.
The close interrelationship between substrate composltion and distance from
shore was pointed out for locations 2 and 3 in the Sediment (Physical Analysis)
Jection. Distance from shore was an influencing factor at some locations, but
was considered overall to be a minor factor influencing benthos.

Influence of Rivers

As noted in the Water Sampling Section, station 1 at locations 1, 2, 4,
6-10, and 14 were considered to be influenced by rivers. The macroinvertebrate
results from station 1 were not consistently different between locations
influenced by rivers and locations that were not. Variations in numbers at
sration 1 were extreme, with abundance ranging from 2415/m® at the Cedar River
location to O organisms/m® at the St. Joseph River location.

Station 1 communities were more variable in composition and abundance than
communities at other statioms, perhaps indicating the effects on station 1 of
#he turbulent zone and rivers combined. However, no conclusions could be
irawn concerning the impact of rivers due to this variability and the lack of
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Table 4

Depth

15 m

20m

30m

45 m

Mean benthic macroinvertebrate abundance versus distance from shore
at 16 locations, Lake Michigan, 1976.

# oraanisms/m?

No. of samples

Distance from shore (km) (x + 1 std. deviation)
1.5-2.0 1748 + 678
2.5-3.0 2428 + 2392
3.5-4.0 2404 + 2487

6 5836 + 273

20 7566 + 1547

2 2009 + 262

4- 6 8299 ¥ 3391
6.5- 8 6357 ¥ 2790
10.5-13 5714 + 5994
5 3746 + 1276

12 6724 + 5652

9
27
12

W w

15
12

ww



replicate samples in this zone.

Assessment of Lake Quality

Substrate composition was decidedly different between locations 1-11 and
locations 12-16. Other factors, such as geographical location and orientation
to prevailing winds, were also different between these groups of locations.
Therefore, comparisons of benthic macroinvertebrate communities were made
within locations 1-11 and 12-16 to assess lake quality. Further, due to the
variability encountered in communities at the 6 m contour and the lack of
replicate samples at this depth, only the communities at the 15 and 30 m
contour were considered in this assessment.

Eastern Shore (locations 1-11)

At stations greater than or equal to 30 m in depth, the amphipod
Pontoporeia hoyi was the numerically dominant benthic macroinvertebrate at
all locations with Stylodrilus heringianus the numerically dominant
oligochaete. This assemblage has been typically associated with good lake
quality in Lake Michigan (Mozley and Howmiller, 1977), thereby indicating
good lake quality at the 30 m contour throughout the lake's eastern nearshore
waters.

At the 15 m contour different benthic macroinvertebrate communities were
found between locations. Oligochaetes, especially Limnodrilus hoffmeisteri,
increased in importance at locations 1-3 in the southern end of Lake Michigan.
At these three southern locations, oligochaetes averaged 595/m?> which was 34%
of the total macroinvertebrate numbers. At locations 4-11 oligochaete numbers
decreased to 215/m? which was 15% of the total numbers. Correspondingly,
Pontoporeia hoyi decreased from an average of 75% of the macroinvertebrate
numbers at locations 4-11 (x = 1224/m®) to an average of 48% at locations 1-3
(x= 1080/m®). This pattern agreed well with the findings Alley and Mozley
(1975) reported in thelr lakewide study.

Most of the increase in oligochaete numbers was through Increases in
Limpnodrilus hoffmeisteri and {mmature tubificids without hair setae. The
{mmature tubificids without hair setae include all Limnodrilus species,
Pontamothrix moldaviensis, Peloscolex freyl and perhaps very small numbers of
other taxa. Since L. hoffmeisteri was the numerically dominant form, L.
hoffmeisteri and immature tubificids without hair setae were grouped together
for comparative purposes and termed 'probable” L. hoffmeisteri (Figure 6).
Probable L. hoffmeisterl increased to 87% (519/m®) of the oligochaete community
at locations 1-3 versus 56% (120/m?) at locations 4-11. Correspondingly,
probable L. hoffmeisteri increased to 25% of the total macroinvertebrate
community numerically at locations 1-3 from 7% at locatioms 4-11. Probable
L. hoffmeisteri reached their greatest abundance at location 3 (886/m”*) but
were numerically dominant only at location 2. At location 2, they comprised
362 (443/m2) of the macroinvertebrate community, versus 31%Z of Pontoporeia
hoyi, the next most abundant form.
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This pattern of replacement of Pontoporeia hoyi by oligochaetes,
especially Limnodrilus hoffmeisteri, has been shown to indicate organic
enrichment (Howmiller and Beeton, 1970; Mozley and Howmiller, 1977). Since
substrate was remarkably uniform among these locations and other factors
appear negligible, the benthic macroinvertebrate communities at the 15 m contour
indicated degraded lake quality from organic enrichment in southern Lake Michigan.
The greatest enrichment was noted at the St. Joseph River location.

Two other locations, White Lake and Betsie Lake (locations 8 and 11,
respectively), on the eastern shore of Lake Michigan exhibited similar
organic enrichment at the 15 m contour. At these two locations, the abundance
of oligochaetes increased to an average of 424/m?, compared to the average of
145/m? at locations 4-7 and 9-10. This increased abundance was mainly due to
increased numbers of Limnodrilus spp. and immature tubificids without hair
setae. Probable Limnodrilus spp. comprised 16% of the macroinvertebrate
numbers at location 8 and 257 at location 11, compared to an average of 47 at
locations 4-7 and 9-10. Even though oligochaete abundance increased at
locations 8 and 10, their proportions of the total macroinvertebrate community
did not increase relative to locations 4~7 and 9-10 (Figure 6). Although
oligochaetes did not replace Pontoporeia hoyi at locations 8 and 11, the
change in oligochaete community composition to dominance by Limnodrilus spp.
indicated slight organic enrichment, according to previous work in Lake
Michigan by Howmiller and Beeton (1970), Mozley and Howmiller (1977),
Brinkhurst (1974) and Hiltunen (1967). The source of enrichment found at
locations 8 and 11 was unknown. As discussed in the Water Section, impacts
from rivers were found at location 8 but not at location 11. Therefore, the
benthic community at these two locations indicated isolated cases of slight
organic enrichment.

In conclusion, the nearshore portions of Lake Michigan's eastern shore-
line were organically enriched at the southern locations from the Galein River
to Black River, with improved lake quality from the Kalamazoo River to Betsie
Lake except for isolated instances of slight organic enrichment at the White
Lake and Betsie Lake locations. All signs of enrichment were noted only at
the 15 m contour and not at the 30 m contour, indicating that the effects were
localized nearshore.

Northern Shore (locations 12-16)

Although locations 1-11 and 12-16 were not compared to assess lake quality,
a general comparison was made to evaluate benthic community differences. As
pointed out in the Sediment (Physical Analysis) Section, more taxa on a per
station basis were found at locations 12-16, perhaps in response to the increased
diversity of substrate composition. Different macroinvertebrate forms were also
consistently found at the north shore locations. The tubificid oligochaetes
Peloscolex ferox and Aulodrilus spp., the isopod Asellus, and the chironomids
Tanytarsus and Procladius were well represented at locations 12-16 but were
sparse to non-existent at locations 1-11. Chrionomid numbers also increased
greatly at the north shore locations to an average of 470/m® from 62/m® at
locations 1-11.
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In general, based on the benthic macroinvertebrate results, lake quality
at the north shore locations declined from east to west with the worst
quality within Green Bay (locations 14-16) and Manistique harbor.

The Naubinway location contained the most diverse macroinvertebrate
comnunity, averaged 21 taxa per station, and was dominated by Pontoporeia
hoyi at the 15 and 30 m contours. Oligochaete communities at this location
were dominated by Peloscolex ferox and Stylodrilus heringianus. As earlier
noted benthic macroinvertebrate communities dominated by P. hoyi and

. heringianus in Lake Michigan indicate good lake quality “with little organic
enrlchment present (Mozley and Howmiller, 1977). The fairly high numbers of
P. ferox found may indicate some organic enrichment. This oligochaete is
generally found in mesotrophic or slightly enriched conditions (Brinkhurst,

1974; Mozley and Howmiller, 1977; Howmiller and Beeton, 1970). Howmiller
and Beeton (1970) and Brinkhurst (1969) also concluded that P. ferox
preferred sediments with a large sand component while avoiding more organic
sediments and heavily polluted areas. Therefore, the macroinvertebrate
community dominated by Pontoporeia hoyi, S§. heringianus, and P. ferox at
Naubinway indicated good lake quality that may be slightly enriched. As
previously discussed in the Water Section, this location would be classified
as oligotrophic based on criteria presented by Dobson et al. (1974).

The Manistique location was dominated by oligochaetes or chironomids at
all stations. The 15 m contour was numerically dominated by chironomids
(63%), mainly Heterotrissocladius. Average abundance for stations 1-4
(981/m?) was similar to comparable samples taken by Willson (1969) in August,
1968 (1262/m?). However, Willson (1969) found the benthic macroinvertebrate
communities numerically dominated by Pontoporeia hoyi which averaged 507 of
the community. P. hoyi was the second most numerically abundant form at 15 m
in this survey (89/m%?), but comprised only 16% of the community.

The 30 m contour at Manistique had lower numbers of benthic macroinverte-
brates (x = 716/m®) than other north shore locations at this contour (range of
means 2409 to 12,393/m?). The community at this depth was dominated numer-
ically by Stylodrilus heringianus (317) and Pontoporeia hoyi (27%), organisms
typically associated with good lake quality (Mozley and Howmiller, 1977).
Since the sediment and water chemistry results indicated no evidence of
contamination, the reason for the reduced abundance at this depth was unknown.

Conditions within Manistique harbor (stations 8, 9, 10) were distinctly
different than at the other stations. The macroinvertebrate community was
dominated numerically by oligochaetes (67%), mainly Limnodrilus hoffmeisteri
and immature tubificilds without hair setae. Chironomids were the next
most abundant group, comrpising 27% of the community with Chironomus the
dominant chironomid form. This assemblage of macroinvertebrates dominated
by pollution-tolerant oligochaetes and chironomids indicates degraded condi-
tions in Manistique harbor. Since a similar pollution-tolerant macro-
invertebrate assemblage was not found outside the harbor breakwater, the
impacts did not extend into Lake Michigan. Willson (1969) also concluded
that little iwpact was discernable sutside of Manistique harbor.
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Benthic macroinvertebrate communities at location 14 (Escanaba River)
were numerically dominated by oligochaetes at both the 15 and 30 m contours.
Limnodrilus hoffmeisteri plus immature tubificids without hair setae
(probable L. hoffmeisteri) were the dominant forms at 15 m. These organisms
averaged 473/m and comprised 29%Z of the benthos while Pontoporeia hoyi
averaged 441/m? and comprised 27%. The tubificid Aulodilus pluriseta and
the chironomid Procladius were also abundant at this location. The
replacement of P. hoyi and Stylodrilus heringianus by probable L. hoffmeisteri
forms. indicated « organic enrichment and degraded conditions. The impacts
appear moderate since P. hoyi was still present, as was Aulodrilus pluriseta,

a taxon generally not tolerant of severe pollution (Brinkhurst, 1969, 1974;
Howmiller and Beeton, 1970).

At 30 m, the benthic macroinvertebrate community was dominated by
oligochaetes and Peloscolex ferox replaced Limnodrilus hoffmeisteri as the
numerically dominant form (25%). This community resembled the 30 m community
at Naubinway in that Pontoporeia hoyi, Stylodrilus herringianus, and P. ferox
were the numerically major forms. The high numbers of Aulodrilus pluriseta
and Asellus here may reflect the impacts of the embayment since these forms
were only found in abundance at other locations at the 15 m contour.

The benthic macroinvertebrate communities at location 14 indicated degraded
and enriched lake quality, with effects lessening at the 30 m contour.
Based on the water physical-chemical criteria established by Dobson et al.
(1974), this location was classified as mesotrophic, approaching eutrophic which
was consistent with the benthic macroinvertebrate results.

The Cedar River and Menominee River, locations 15 and 16, respectively,
exhibited classical signs of eutrophication with large increases in numbers of
benthic macroinvertebrates especially at the 30 m contour. There were shifts
to an oligochaete community dominated by Aulodrilus pluriseta and Peloscolex

ferox at 6 and 15 m contours and Limnodrilus hoffmeisteri at the 30 m contour.

Stylodrilus heringianus was replaced by these forms, indicating enriched

conditions. Howmiller and Beeton (1970) predicted that increased eutrophica-
tion of Green Bay would result in S. herringilanus being replaced by
Aulodrilus americanus, P. ferox and Potamothrix moldaviensis. The results of

this survey agree well with their predictions. Based on the water physical-
chemical criteria established by Dobson et al. (1974), this area was classified
as mesotrophic, approaching the eutrophic category, which agrees with the
benthic macroinvertebrate results.

In conclusion, locations along the north shore declined in lake quality
from Naubinway to Green Bay, with the poorest quality within Green Bay and
Manistique harbor. Locations within bays (14-16) were worse in quality than
those not in bays. The benthic macroinvertebrate communities indicated
oligotrophic conditions at location 12 (Naubinway) with perhaps slight
enrichment, while communities at locations 14-16 indicated mesotrophic con-
ditions, approaching eutrophic conditioms.
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Table A-3 Locations semoled with agsociated station mmbers, STOREY numbers, Tatitudes and Yonaitudes, Lake Michigan, 1976.
.
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Tabla A-2

Methods used to anelyze selected water constituents, Lake chh‘um. 1976,

fleference
Stendard Hathods PR Hethods WETR Part 3V
. Paraseter Renge fethod APIA 1974 1978
Tota? Phosphorus 0.001-0.50 mg/3 8lack Digester 806 . 256(¢6) --
Automated p. 624
Single Reagent
Reactive Phwiphorus 0.001-0.%0 ay/t Automated Single 606 p. 256 - .
Reagent Ascorbic p. 64
Acid Reduction
Particulete Phosphorus Diffevence
Siticon Bioxide, 0.01-10.0 wg/? Antomaled 426(b) .- 0B59-628
Dissolved Mol ybdos#) fcate p. 487 p. 96
Chtorophytt g 8.1-%0 wg/t Flourometric 10026 - .-
Correcied o 1037
Total Orgenic Hitrogem 0.00-20 ng/d Kieidah? Nn - -
Kitrogen plus Ammonis p. €37 .
Total Kjeiduhl Witrogen 6.01-2.0 wg/i @lock Digester - - .-
Automated Salicylate
Total Hitrogen 0.01-6.0 mg/) Sum of Nitrate plus - - -
Nitrite and Je)dahi
#itrogen
Witrite 4.001-9,100 wg/} Dlazotization 420 p. N8 v
Colorimetric p. 44 ‘
Nikrote G.01-2.9 wy/t Autometed Cadmium 605 P, 207 .-
Reduction p. 620
faonbe ©6.007-0.50 mg/¥ Automated €04 p. 168 -
Phenate p. 616
Chemical Oxypen Demand 0.3-80 ag/l Dichronste 508 p. 20 DY252-87
Test Tube ». 550 p. 472
Jota) Organic Cerbon 8.1-50 mp/ Sealed Rmpul 505 P 2% B2379-74
Combustion IR p. 832 p. 467
Atkalinity §-250 wg/? Autometed Helhyl Orange .- [ ] .
Specific Conductance 160-1500 weha/ca iheetstona Irld;n 208 3 241 21328-64
Corrocted to 25°C g Nt 9. 120



Table A-2 (continued)

Reference
Standard Hethods [Fi Hethods W Part 30—

ands e

Paraveter Rangs Method APIA 1974 1975

Turbidity 0.1-100 Fiv Nephelometric 214A p. 295 D1889- 71

p. 132 p. 223

Totel Dissolved Solids 50-350 mg/1 65% Specific - - --
Conductance at 25°C ‘

Residue, Tota! Filterable 1-100 wg/1 Gravimetric 208E p. 212 .-
550°C p. 95

Tots) dron * §-500 ug Atomic 3014 p. 11O D2%76-70
Absorption p. 148 p. M3

Chlortdes 0.1-100 mg/1 Automated 802 p. N -
Ferricyanide P, 613

Sulfate 0.1-100 my/t Barium 21C ». 27 0516-688
Chloride p. 49 p. 42§
Turbimotric

Sodivm G.1-50 wa/V Atomte - p. 7 --
Absorption

Magnes tum 0.1-25 my/) Atomic 301A p. 14 D2%76-60
Absorption p. 148 p. US

Calciun 10-100 mg/ [111) 306C p. 19 .-
Titration p. 189



Table A-3 Methods used to analyze selected sediment constituents, Lake Michigan, 1976.
Parameter Method Sensitivity Reference
Total Kjeldahl Nitrogen Block Digester
Automated Salicylate 1 mg/kg --
Total Phosphorus Ascorbic acid reduction 1 mg/kg -~
Total Solids Moisture determination 1% Std. Methods, 14th edition
balance p. 91
Velatile Solids Moisture determination 0.1% Std. Methods, 14th edition
balance p. 95
Chemical Oxygen Demand Dichromate refliex 10 mg/kg Std. Methods, 14th edition
Total Organic Carbon Sealed Ampul Std. Methods, 14th edition
Cadmium Atomic Absorption 0.1 mg/kg EPA (1974), p. 101
Chromium Atomic Absorption 0.1 mg/kg EPA (1974), p. 105
Copper Atomic Absorption 0.1 mg/kg EPA (1974), p. 108
Iron Atomic Absorption 1 mg/kg EPA {1974), p. 110
Lead Atomic Absorption 0.1 mg/kg EPA (1974), p. 112
Manganese Atomic Absorption 0.1 mg/kg EPA (1974), p. 116
Mercury Cold vapor method 0.01 mg/kg EPA (1974), p. 118,
Nickel Atomic Absorption 1 mg/kg RPA {1974), p. 141
Zinc Atomic Absorption 0.1 mg/kg EPA {1974), p. 155
Dieldrin Gas chromatograph <10 ug/kg EPA (1973), Fed. Reg. 38
DDT (total) Gas chromatograph <20 ug/kg EPA (1973), Fed. Reg. 38
Do Gas chromatoqraph <20 ug/kg EPA (1973), Fed. Reg. 38
pox . Gas chromatograph <20 ug/kg EPA (1973), Fed. Reg. 38
PCH (1242, 1254, 1260) Gas chromatograph <200 ug/kg EPA (1973}, Fed. Reg. 38
pap Gas chromatograph 100 uqg/kg EPA (1973), Fed. Reg.. 38
DEWP Gas chromatograph 100 ug/kg EPA (1973), Fed. Req. 38
Chlordane Gas chromatograph <50 EPA (1973), Fed. Reg. 38
HCB Gas chromatograph <100 EPA (1973), Fed. Reg. 38
HCBD Gas chromatograph <50 EPA (1973), Fed. Reg. 38

0il and Grease

Hexane extraction

100 mg/kg

EPA (1973)
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Tabla A-4 Descriptive statistics ror selected water constituants, Lake Mtchigan, 1976,

Organic Nitrogen ma/T Jotal KieTdahl Witrocen ma/T ChTorophy1T 3 mg/ V¥
Location Location Standard Location Standard Location Standard ’
Bupber ~Hean Oeviation N MHean Beviation __N_ —iean Devistion N
] 0.24 0.08 4 0.25 0.05 4 1.2 0.} 2
2 0.20 0.03 4 0.21 0.04 4 4.9 4.0 2
3 0.19 0.04 4 , 0.20 0.04 4 St SL -
4 0.22 0.02 4 0.22 0.n2 4 2.2 0.2 2
§ 0.19 0.0 4 0.10 6.01 4 2.8 n¢ 2
6 0.18 0.0! [ 0.20 0.0 4 3.2 0.2 2
? 0.26 0.09 4 10,27 0.09 4 2.3 [ B] 2
8 0.18 0.0 [] 020 0.7 4 2.8 0.2 2
9 0.1¢6 0.02 4 0.16 0.02 4 2.7 0.} 2
10 0.5 0.0 4 0.15 0.01 4 2.5 0.1 2
n 0.1% 0.02 4 0.15 0. 4 2.4 0.2 2
12 0.16 0.03 6 , 0.6 0.2 ] 1.8 0.0 2
13 0.16 0.01 L} 0.18 0.00 4 1.t 0.1 2
14 0.25 0.02 4 0.26 . 0.02 4 1.2 0.2 2
% 0.32 0.7 4 0.3 0.07 4 2.2 1.3 4
16 0.2 0.05 4 0.3 0.05 4 2.5 1.4 1
0.21 £ 0.n6 . 0.21 %0.06 2.2 4209 SL = Sample Lost
Total Phosphorus mo7l Tota] Urthophosphole wa/T "~~~ "PorilcyTale Thosphoryg maZV
Location tocation Standard Location Standard ' Locatfon  Standard
Nupber Hean Deviation K Mean Deviation L} Nean  Deyiatlon N
] 0,007 0,0m 4 0,002 0.901 4 0,006 0,001 4
H o.01 0.903 4 0.002 0.003 | 4 0.008 0,00 4
3 0.M0 0.003 4 0.mM3 0.001 4 0.007 0.005 I
4 0.008 0.73 4 0,003 0.000 4 0.005 0.005 4
& 0.009 0.001 4 0.%0} 0.000 4 0.008 0.001 4
[ 0.009 0.00 [ ] 0. 00 0.000 4 1,006 .00 4
7 0.01% 0.1 L] 0.90! 0.000 4 0.018 0.0 4
[4 0.009 0.0 4 0.001 0.000 4 0.008 0.002 N
9 0.7M6 0.601 4 0,101 0,%0 4 0.005 0.001 4
10 0,705 0.00} § 0.002 0.001 4 0.003 0.002 4
1 0.705 0.002 4 0.901 0.nnt 4 0.004 0.002 4
12 0.n07 0.001 6 0.00) .00 6 0,006 0.002 6
13 0,76 0.00} 4 0.00% 0,01 4 N.003 0.002 4
14 0.014 8 000 4 0,006 0.00% 4 0.010 0.008 4
15 0.716 0.008 4 0."03 0.7} 4 0.013 0.008 4
i 0.013 0.002 . 4 0.0n2 4 2.011 0.003 ‘
0.010 ¢ 0,004 0.0602 £ 0.001 0.008 ¢ 6.004
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Table A-4 {continued)

Total Witrogen ma/] Nitrate + Nitrite wq/) _Amonta mg/1
Location Location Standard Location Standard Location Standard
: Deviation N Mean Beviation N Mean Deviation R
1 0.45 0.06 4 0.1% 0.02 4 0.016 0.013 4
2 0.44 0.0 4 0.23 0.08 4 0.Mm2 0.010 4
k] 0.43 0.06 4 0.24 0.05 4 0.007 0.004 4
4 0.43 0.04 4 .21 0.04 4 0.703 0.001 4
§ 0.42 0.06 4 0.20 0.% 4 0.010 0.004 4
[ 0.3 0.02 4 0.19 0.02 ] 0.011 0,001 4
7 0.41 0.03 4 0.20 0.3 4 0.007 0.001 4
8 0.3% 0.04 4 0.20 0.% 4 0.7%6 0.001 4
9 0.36 0.4 4 0.20 0.05 4 0.005 0.003 4
10 0.32 0.03 4 0.17 0.73 4 0.004 0.004 4
1 a.® 0.05 4 0.18 0.07 4 0.104 0.002 4
12 0.33 0.02 6 0.17 0.04 6 0.003 0,002 6
1 0.32 q.0t 4 0.16 0.01 4 0.105 0.005 4
14 0.35 0.5 4 0.10 0.07 4 0.008 0.005 L)
18 0.42 0.4 4 a.10 0.31 4 0.N05 0.004 L]
16 0.8 0.02 L] 0.06 0.8 4 0.n02 0,001 4
n,38 £0.% 0.7 £0.05 0.007 £ 0.004
Sisperdd SoVIds /L Yofal fren mall Patass Tun ng/l
oc Standard Location”  Standard Location Standard
L:culon Locatfon . ¥ Mean Deviation ] Hean Deviation L]
1 2 2. 4 183 236 4 1.4 0.09 4
2 4 1 4 145 125 4 1.1 0.23 L]
3 5 3 4 140 92 4 1.2 0.05 &
4 2 i 4 66 27 4 1.0 0.06 4
5 6 1 4 e 57 4 1.0 0.05 4
6 § 2 4 72 4 L) 0.9 0.05 4
1 4 4 4 2] 65 4 0.9 0.05 &
8 6 1 [] 93 68 4 0.9 0.0 4
R} 3 1 4 48 19 4 0.9 0.02 4
10 2 3 4 I 81 4 0.9 0.0 4
N 2 1 4 k) 15 4 0.9 0,04 ]
12 2 I} [ 16 5 § .0 0.0 4
1 1 1 4 19 § 4 1.0 0.1 4
i1 1 i 8 40 27 4 11 0.05 4
15 9 ] 4 13% sl 4 1.0 0.06 4
T3 [ 1 4 57 22 4 3.2 0.05 4
LER 87 288 1.0 £ 0.%4




Table A-4 (Continued)

Total Bissolved Selids my/T

Dissolve. ,§1Hg‘i| il Soecific n“"‘{{“".?“. wahasfcat (major tons)
{ocatlon Localion gt«udar Tocation tandar: Location tandard

Humber Mean Deviation

K __Hesn Deviation L] Mean Devistion ¥

i 4.6 0.2 4 256 2 4 159 3 4 :
2 |8 0.7 4 278 8 4 158 8 4
3 1.0 0.5 4 216 & 4 164 2 [
4 ‘ 0.7 0.3 § 274 2 L) 160 5 4
§ ™ 0.8 0.4 ] 278 8 4 157 1 4
[ 0.6 0.0 4 269 & 4 160 1 L]
¥ 0.6 0.2 L] k1L 2 § 15y 3 4
a 0.5 0.2 4 279 7 4 163 ? L]
9 4.6 0.3 4 268 3 4 156 3 4
10 0.4 0.} L] 265 0 q 155 )] L]
1] 0.% 0.2 4 265 8 § 154 14 )
12 0.6 0.4 ] 26} 2 [} "y [3 6
13 0.2 0. 4 265 [4] L] i51 2 L]
L] 0.7 0.4 ] 270 5 [] 158 1 4
15 0.8 0.3 § 270 [} 4 154 ? 4
1% 0.8 0.9 4 270 0 q 156 1 4

0.6 &06.2 269 Y3 156 2
Chigrides ma/l __Syifate maf} SodTum ma/T
Location Location Standsrd Location Standard tocation Standard
Numbgr JHon . Deviation N _HMean’ Deviation _H_ Mean_ Devistion _ 8
1 9. 0.2 4 23 ] L] : 8.0 0.1 4
2 8.7 0.4 4 22 3 ] q.7 0.2 4
3 6.6 0.2 q 25 0 4 4.3 0.2 L]
& 8.7 al 4 2 § 4 4. 0.1 4
& 8.5 [} 4 25 [} 4 4.5 0.} 4
[} 18.7 ol 4 19 ] 4 4.8 0.} 4§
1 8.6 0.2 4 20 2 4 4.6 0.1 4
[ 0.7 0.2 4 24 ] 4 4.6 0.2 4
9 8.3 02 L) 22 ] 4 4.4 0.1 4
10 8.% 0.1 4 4] o 4 4.3 9.1 4
1] 8.2 g.1 4 22 /] 4 4.2 0.0 4
12 6.8 0.% 6 21 1 [ 4.3 0.2 6
13 7.6 0.9 L) 2 '] 4 4.5 0,2 L)
14 7.6 0.1 4 22 [ L} 4.7 0.5 L]
15 8.2 0.3 L] 22 1 [} 4.8 0.6 L}
i6 7.9 0.1 L} - 3 ] 4 4.2 0.1 L}
3 £0.6 22 F X 45 202




Table A-4 (continved)

Wainos Tum se/ T £algium mg/l Ycta¥ Organic_Corbon mgf¥

Location Location Standard Location Standard Locatlon Standard
Nusber Mean__ Deyiation L.} Hean Bovistion ) Moan Devisiion L]
) ] 11,0 0.0 4 k¢4 \ [ 2.9 8.1 ]
H 2. 1.0 4 5 H 4 2. 0.2 4
. 3 13.0 .4 4 3% ] & 3.7 i.9 4
! 4 12.5 1.0 4 37 ] 4 1.8 0.1 4
$ 12,0 1.0 4 3 ! 4 1.9 0.3 4
6 13.0 1.0 4 36 ¥ 4 1.7 0.1 4
¥ i2.8 0.5 L] 36 1 4 2.¢ 0.2 4
8 12.0 1.0 4 36 i 4 z.0 0.0 §
$ i2.0 1.0 L] 36 ] § 1.6 0.0 §
10 12.0 1.0 4 36 1 ] 1.6 0.1 4
" 12.0 .9 4 36 1 4 1.6 0.1 4
i 12 12.0 1.¢ [ 34 1 6 1.9 0.1 []
S 13 12.3 0.5 ] 3z ¥ 4 1.9 0.1 4
[« 14 11,9 1.0 ] kL 3 § 3.8 0.4 4
] 1% 1.0 1.0 4 33 i 4 3.2 0.2 4
16 K.n 1.0 § 33 ] 4 kR 0.6 q

128 #0.6 34 2 2.3 0.7
Chemical Uxyqen Ucmand mgld Alkatinity mq/l Turbid Tty F.T.U,

Location Location Standard Location Standavd Location Standard
Hean Deviation L] Hean Deviation K Hean Deviation ]
: 1 4.3 0.5 ] m 4 4 2. 0.7 [}
4 4.2 1.1 § a7 3 4 3.0 2.4 4
3 6.7 2.1 4 11 1 4 3.5 1.9 4
4 6.4 2.5 [} g [ 4 2.4 0.8 ]
] 6.4 1.2 4 109 1 4 2.7 6.8 4
1] 5.1 0.2 8 118 0 4 2.3 0.3 4
7 5.9 1.0 4 149 2 4 2.8 1.3 )
8 6.0 1.1 ) 11} ] q 2.5 0.7 ]
9 8.2 5,4 4 105 3 § 1.4 0.3 ]
10 9.3 2.9 & 105 ] 4 1.4 0.3 q
1] .1 3.4 4 108 H § 1.4 0. 4
! 12 7.6 1.6 & 99 7 & 6.5 8.2 3
' 1}] 4.2 V.9 4 99 13 (] 0.6 0.2 [}
| 11} 8.7 0.4 ) 110 ] Q 1.6 2.3 4
| \ 5 6.8 1.0 4 105 [ 4 1.5 [N} 4
1% 9.4 2.7 L} 107 ] 4 0.7 0.} 4

| 68 1.8 W s < 1.8 +0.9

l
i
i,
|
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Table A-$ Water srmpla chemical and physical results, Lake Kichigan, 1976,

’

Chemicsl  Totsl Total
) Oxygen  Organic Turbidity MNitrate and Amynia  Organic  Kjeldahl Totat
Lovation Station Depth’,  Demand  Carbon Conductivity {formazin Nitrite Witrogem Kitroaen Nitrogen HNitrogen Phosphorus
Hunber Location Number ) {mg/3)  (m9/3) _ {imho/cm) units) Amgn/1} fman/i) __ (moN/3)  (maW/1)  (mgP/1)
] Golien River 1 1 3.0 §.8 360 7.0 0.59 0.037 0.74 .78 0.038
] L] 6.4 3.3 785 © 4.0 0.27 8.012 [ )] .32 0.019
3 H 5.4 2.0 255 1.5 0.18 0.004 0.21 0.21 0.006
3 P4 4.4 2.9 258 2.9 0.19 0.030 0.27 0.30 0.008
[3 ] 4.4 3.0 25% 1.6 0.18 0.005 .20 0. 0.004
6 19 &1 .1 269 z2.2 Q.22 0.023 0.27 0.29 «0.01G
4 $t. Joteph River” i 1 6.8 5.7 445 7.4 0.4 ¢ 026 62 065 0.065
] # 8.8 3.7 290 9.7 0.25 0.M4 0.29 0.30 0.026
3 i 3.9 2.1 275 2.6 0.20 0.608 .20 0.2} o.0n
3 14 4.4 2.3 285 6.4 0.2% 0.026 0.24 0.27 0.014
] i 34 2.8 265 1.2 0.13 o.007 0.17 518 0.008
6 29 6.1 i.9 285 1.7 0.33 0.006 0.18 Q19 0.009
3 Black River ] 1 n.7 2.3 280 7.8 Q.24 0.0n8 0.23 0.24 0.016
1 & 5.1 3.5 275 5.5 0.26 0.015 0.26 0.28 0.018
3 i 8.5 2.3 280 5.9 0.22 0.010 020 0.2} 0.012
3 1 5.1 2.1 275 2.8 027 0.010 026 0.25 0013
6 { 4.6 2.0 278 1.8 0.17 0 005 0.16 0.7 0.006
[) 29 8.5 6.4 s 3.8 8 9.003 ] 0.18 0.008
4 Kalamszo0 River ] ] 14.0 6.5 419 i3 0.73 0.002 0.64 0.64 0.073
] 4 5.7 2.2 1 28% 8.1 6.2 0.004 0.3 o3 0.022
3 ] 9.6 1.9 275 2.% 0.9 0.004 0.25 0.25 0.002
3 b 6.8 1.7 215 2 0.20 0.004 9.22 0.22 0.007
6 1 3.8 1.7 276 1.2 8.17 0.004 0.20 0.20 0.006
6 29 8.2 1.8 275 2.6 0.2 0.00) 0.26 0.20 0.007
] Lake Macataws i} 1 4.3 2.0 275 4.5 .16 7,018 0.26 0.28 0.016
3 6 6.3 1.8 275 3.2 0.15 0.01¢ 0.21 0.22 0.011
3 ] 8.1 1.8 29% 2.2 0.16 6.00% .19 0.20 0.007
3 14 8.6 1.8 280 2.7 Q.18 0.016 0,47 0.19 0.009
6 § - 6.0 2.4 F40] 2.0 Q.16 0.009 0.1% .20 0.008
6 29 5.6 1.7 220 1.8 Q.29 0.007 0.19 0.20 0.010



Tobla A-5 (contimwed)

' Totsl
Total Suspended Oissolved Dissoived Total
Location Statfon  Orthophosphate-P  Solids Sol ids Sitica Chloride lIron Sulfste Sodium Magnesium Calclum Potassium Alksiinity
Mumber  Lucation  Mumber {mgP/1) _(mgs1) __ (wg/t) (mg/v)  (m9/1) fug/1) (masd) (mos3)  (maf1) _ (mq/8}  {mg/1) _[mg/) CaCO;)
L Galten River ] 0.006 19 227 37 12.0 360 36 6.2 19 40 1.7 157
] 0.002 9 172 0.68 9.5 135 27 5.3 i4 32 1.4 19
3 0.00% ? 161 0.34 9.0 540 21 5.3 1 32 1.8 uz
3 0.001 9 161 0.45 9.2 82 22 4.9 13 32 1.4 14
[3 0.002 4 160 0.36 9.3 48 23 4.9 1 32 1.3 12
6 0.901 9 154 1.02 8.7 80 2 &.7 13 k1) 1.3 106
2 St. Joseph River ! 0.005 17 274 4.3 6.5 410 43 8.8 2 [1) 1.6 172
1 0.005 15 172 1.22 9.6 320 26 4.8 13 38 1.3 114
3 0.002 3 163 0.57 9.0 10 25 4.5 13 35 1.3 108
) 3 0.006 4 163 1.14 9.4 300 25 4.7 13 34 13 9
. [ <0.9001 3 147 0.37 8.3 2 19 4.7 11} k] 6.9 102
: ! [3 0.00) 13 157 2.2 8.2 190 19 5.0 " » 0.9 108
£

"f’ 3 plack River 1 0.002 16 164 0.87 8.4 30 25 4.4 3 36 1.2 109
] 0.003 2 166 .90 8.4 320 26 4.4 13 36 1.3 110
3 0.004 a3 166 0.7% 8.7 260 26 4.5 13 35 1.3 12
: 3 0.003 5 183 1.14 8.4 140 25 4.4 13 35 1.2 110
: 6 §.002 3 w2 9.32 B.7 k1 25 §.2 13 kL] 1.2 1o
i [] 0.0 7 163 1.56 8.4 125 25 4.1 13 35 1.2 109
B 4 Kalamaroo River 1 0.009 26 248 ¥.32 amn.8 620 8 12.4 17 54 1.4 166
! § 0.005 10 166 06.73 9.3 370 26 5.1 i3 36 1.§ 112
3 0.003 2 160 0.64 8.7 61 20 4.7 3 36 1.3 no
3 .003 1 16 0.69 8.8 94 20 4.6 13 37 1.1 1to
[] 0.003 4 164 .36 8.6 33 26 4.6 12 36 1.0 1i0
[ 0.003 1 153 3.07 8.5 84 16 4.5 12 36 1.0 109
§  Lake Macetawe ] Q.002 8 187 9.4 8.6 170 24 4.8 12 32 1.0 110
] 0.00) 9 158 .38 8.4 105 24 4.6 12 31 0.5 109
3 0.008 7 187 G.57 8.6 148 23 4.6 12 32 1.0 110
3 <G.00) % 159 §.72 8.5 125 25 4.4 12 32 1.0 10
é 0.001 $ 57 0.40 8.8 28 25 4.8 12 31 9.9 108

é B 7 ] 8.4 4.3 1.6

5
g
g
E
g
®
=
g
. &
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} Table A-S {continued)
\
\

Chomical  Tota) Total
Oxygen Organic Turbidity » Kitrate and Aomonis Organic  Kjeldah} Tota:
Location Statfon  Depth Demand  Carbon Conductivity (formazin Nitrite Nitrogen Nitrogqen Nitrogen Nitrogen Phosphorus

r ocatt liunber {w) [mg/t) _ (wo/} {imho/cm) __ units) {mH/Y) {matiz1) _ {mgti/1)_ (mgri/1) _ {mgh/1)

[ Grand River ] 1 10.6 LB 15 4.4 0.21 0,06} 0.3 0.43 0.037

1 6 6.3 2.6 290 3.2 0.18 0,009 0.23 .24 0.011

3 ] 5.3 1.8 210 2.5 0.18 0.009 0.20 0.21 0.008

} 3 14 4.8 1.8 270 2.5 ) 0.18 0.010 0.20 0.2} 0.008
. [ ] ! 5. 1.6 275 2.2 0.18 .01 Q.17 0!8 0.007
. L3 29 §.3 1.6 260 2.0 0.2t 0.012 0.19 0.20 0.01%
? Huskegon Lake 1 ) 10.6 3.2 290 3.0 0.16 g8.010 0.30 0.31 0.020

] [ 6.6 2.2 290 3.0 0.19 0.009 Q.22 0.2) 0.014

k] } 5.3 2. 215 2.5 0.19 0.007 0.18 0.9 0.008

3 " 11 2.1 2715 5.5 0.18 6.008 0.24 0.25 (211

[} i 4.8 1.8 270 2.1 0.25* 0.007* 0.38° 0.39* 0.035*
[} i) 6.3 1.8 215 2.0 0.18* 0.007* 0.23* 0.24* 0.019*

8 White Lake ] ] 9.9 3.2 300 5.0 0.17 0.007 0.3 0.7 0.023

i ] 6 9.9 3.3 280 9.0 0.19 0.006 0.9 0.40 0.035

= 3 1 4.3 2.0 210 2.2 0.18 0.005 0.8 0.18 0.007

O 3 11 6.8 2.0 200 3.3 0.1% 0.007 0.20 0.21 0.010

J [ I 6.6 1.9 215 1.6 017 0.005 0.18 0.19 0.008

6 9 6.1 2.0 290 2.7 0.25 0.006 0.19 0.20 0.010

9  Puie Marquette River 1 9.3 2.8 310 3.6 0.7 0.003 0.22 0.22 0.021

) 7 8.2 1.8 285 3.5 0.7 0.006 0.17 0.18 0.010

3 1 5.3 1.6 265 1.2 0.17 0.002 0.15 0.15 0.007

J b1} 5.9 .7 265 1.3 0.79% 0.n08 0.15 0.16 0,005

6 1 5.6 1.6 270 1.2 0.7 0.003 0.19 0.19 0,006

6 il 15.8 1.6 210 1.8 0.28 0.005 0.14 0.15 0.005

1 Manistew River L] i, 6.1 2.6 360 3.2 0.4 0.01¢ 0.18 0.19 0.01}

] .9 5.9 1.6 285 1.9 0.16 0.004 0.18 0.18 0.007

3 ? 2.8 1.7 265 1.0 0.16 ¢.002 0.15 0.15 0.004

3 " 6.7 1.6 265 3.3 0.5 0.003 0.15 0.15 n,005

[ 1. 10.% 1.6 265 1.0 0.16 0.602 0.15 015 0.005

6 R 6.9 1.5 265 1.2 0.21 0.0i0 0. 0.16 0.007

|

' n fetsle Lake 1 1] 9.9 1.6 265 1.1 0.15 0.004 0.15 0.15 0.003
| i 7 1.% 1.6 265 1.3 0.14 0.004 .17 0.17 4.005
’ 3 1 6.1 1.7 265 1.2 0.13 0,002 .16 0.6 0,003

3 " 6.7 1.6 265 1.} 0.15 0.006 0.1 0.5 0.004

[ 1 13.6 1.6 265 1.0 0.14 a.om 0.13 0.13 0.003

6 29 V2.8 1.5 269 b 0.2) 0.007 0.17 0.18 0.000

9 1 5.9 1.5 265 1.0 0.94 0.00) 0.15 0.15 0.004

9 3 9.6 1.5 265 §.2 0.30 0.005 0.4 0.74 0.005

*Questionable resuits
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Toble A-5  (contimued)

Total
Total Suspended Dissolved Dissolved Tatal
Location Station Orthophosphate-P  Solids Solids Sil14ca  Chioride lIron Sulfate Sodium Magnesium Calcluwm Potassium AllaHnns
. Mumber  Location  Number {maPy1) ima/1) {mg/}) (mg/1)  (wa/¥) {ug/1) _ (mg/1) _(mg/1} mg(1)  (ma/1)  (mqrt) _(m9/) Cachy)

é Grand River 1 0.004 7 190 0.57 15.3 150 16 8.7 L) 44 1.3 1o
1 <06.001 § 161 0.39 9.4 1o 15 $.3 13 kL] 10 nz

3, <0.00) 8 162 0.55% 8.6 69 20 4.7 13 »” 0.9 14

k] <0, 001 4 160 0.53 8.8 73 18 5.0 13 36 0.9 115

6 <0.001 5 159 0.59 88 70 ” 4.8 k] 36 0.9 14

6 <0.00% 3 159 0.5% 8.7 77 20 4.8 1 6 1.0 1Hé

7 Muskegon Lake 1 «).001 9 1658 1.00 .4 160 17 5.9 13 34 1.0 ne
1 <0.00% 1 163 0.49 10.0 160 I} 5.2 13 37 09 116

3 <0.00 i3 16} 0.51 8.7 76 22 4.7 i3 15 1.0 n2

3 <0.00% 1} 160 0.50 8.8 180 22 4.6 13 35 0.9 1

[} <0.001 ) 155 0.79 8.4 48 V7 4.5 12 k(3 0.9 1o

6 <0.00) 5 156 0.40 8.5 38 20 §.4 12 36 0.9 108

6 White Lake 1 0.003 n 180 0.82 13.4 230 25 7.4 13 38 1.0 i
1 0.00) 26 172 0.50 10.% 540 25 5.7 13 37 0.9 116

3 0.001 5 163 6.37 8.6 50 24 4.7 12 36 0.9 12

3 0.00% 7 165 0.47 9.1 105 25 4.8 12 36 0.9 nus

6 0.0m 5 160 0.30 8.6 A5 23 q.5 12 35 0.9 m

6 0.001 7 164 0.90 8.6 170 25 4.5 12 % 09 Hnz

9 Pore Karquelte i 0.003 § 186 §.33 17.4 100 23 5.9 14 41 1.0 9
River ] 0.003 4 164 0.54 10.1 119 % 4.6 12 16 09 mm

3 <0.001 3 156 0.84 8.4 60 20 4.5 12 36 0.8% 108

k] <0, 001 2 159 0.49 A.4 52 24 4.4 12 16 0.9 106

6 0.00) 3 15% 0.37 8.4 45 22 4.4 12 36 0.9 104

6 0.001 k) 153 1.20 a.0 B 21 4.2 114 6 0.9 102

10 fanistee River ] 0.004 3 210 3.7 29 100 19 10 13 46 1.4 127
i 0.002 2 167 1.13 3.3 49 21 5.5 iz k] 0.9 109

k] 0.003 ] 159 0.3% 8.4 40 2 4.1 12 35 0.9 106

3 0.003 2 154 0.39 8.7 53 21 4.4 12 36 9.9 V04

[3 0.002 ] 154 0,18 8.4 170 21 4.2 12 k[ 0.9 104

[3 0.004 2 156 Q.62 8.5 23 22 4.3 12 36 0.9 104

'

i1 Gstsle Lake ] 0.00% 4 152 0.32 8.1 10 22 4.2 12 35' 0.85 02
] G.00§ i 151 0.3 4.3 83 21 8.2 12 35 0.9 102

3 0.0n1 ] 153 0.42 8.1 26 22 £.4 12 kL3 0.9 103

3 <,0Mm 2 153 0.3% 8.3 2% 22 4.2 12 35 0.9 103

6 <0.000 i 154 0.3% 8.1 25 22 4.2 12 25 0.8 105

[3 0.001 ' 2 156 0.88 8.7 26 2t 4.0 12 36 0.9 107

9 0.002 2 152 .32 8.2 63 an 4.2 12 34 .9 106

$ <0.001 2 158 1.08 8.2 40 H] 4.1 12 » 0.9 106
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Table A-5 (continved)

Chemicel  Totay

Total
Orygan  Qrgonic Turbidity WNitrate and Awonia  Organic Kjeldahl Total
Location Station Depth Povand  Carbon Conductivity {Formazin Nitrite Ritrogen Hitrogen Nitrogen Hitrogen Phosphorus
Number Location Humber __ {m) (ma/¥)  (mas1) {pmho/cm} ~ wnits) ¢ {mah/1} (matiz3)___{mgt/1} _ (mgli/1)  (mgp/l
12 ' Kaubimay ] ] 8.5 2.3 255 0.5 0.14 0.002 0.23 0.23 0.018
1 7 3.4 2,0 230 0.5 0.1% 0.00% 9.8 0.18 0.01%
3 ] .o 2.0 260 0.4 0.14 ~ 0.001 0.15 015 Q.006
3 14 2.7 1.7 265 0.4 0.23 0.006 0.12 0.1 0.006
6 ] 7.8 1.8 265 0.4 0.16 <0.00! 0.17 .17 0.008
6 19 9.6 2.1 265 0.8 0.15 0.002 0.18 0.18 0 008
1?2 Manistique River 1 )] 6.9 2.2 265 0.7 0.1 0.000 ¢.18 .18 .00
1 ] 5.3 2.8 265 3.0 0.14 0.004 0.29 .29 6.016
3 1 5.1 1.4 265 g.7 0.16 0.003 0.8 0.15 0.004
3 14 )2 1.9 265 0.7 0.18 0.m2 0.15 0.16 0.006
[ ] 2.3 2.1 265 9.5 0.1% 0.002. 0.1 0.17 0.005
6 .28 6.4 1.8 265 0.4 0.15 6.004 0.17 0.7 0 007
9 1, 12.0 $.8 200 4.3 G.06 0 001 0.36 0.36 0.018
J _6 = 23.0 2.8 265 25.0 g.18 a.on7 0.9 6.9 0.096
1% Escanaba River 3 1 6.4 IR 210 0.9 0.07 <6.001 0.32 0.32 0.012
] 5 1.5 5.7 270 3.0 0.0 <0.00% 0.7 0.71 0.007
3 i 8.0 3.1 270 0.8 0.0 <¢.001 .20 0.28 0 011
3 14 5.9 2.9 270 1.1 0.0% 0.008 0.28 0.29 0.012
6 \ 6.2 31 2710 c.9 0.08 0.001 0.30 0.30 0 012
[ 22 1.2 3.5 270 l.2 0.14 0.008 0.42 04} 0.028
1§ Cedar River § ) 13.0 3.8 265 0.8 0.04 0.00% 0.30 0.30 0.0i8
] 5 2.0 3.3 275 9.7 6.12 0.017 0.24 0.26 9.011
3 1 9.0 3.5 265 Q.5 0.04 0.006 0.24 0.25 0.008
k) % 9.0 3. 2715 0.4 0.1 0.004 0.26 0.27 0.011
6 1 8.8 3.2 265 0.5 0.05 0.007 0.26 027 0.028
[ 29 8.1 2.% 2715 9.5 0.18 0.003 0.23 0.23 0.0
16 Nenosines River 3 1 11.9 5.6 270 1.8 <0.0} 0.0601 0.4 0.42 0.0M
) $ 3.4 5.9 215 4.3 <0,00 0.003 0.62 0.62 0.083
3 1 8.8 4.2 270 0.6 <0.0% 6.00) 0.35 0.35 0.015
3 14 121 3.7 270 Q.6 0.05 0.003 0.3 0.33 0.011
[ 13 10.8 4.3 270 0.7 <0, 0% 0.00} 9.34 8.34 g.01!
6 29 5.9 2.7 210 0.8 oy 0.00} 0.24 0.24 0.013
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Tabie A-5  (continued) .

* Total
Totsl Suspended Ofissolved Oissolved Tota)
Location Station OrtMphospmte-P Solids Solids Sitica Chloride Iron Sulfne Sodhm Magnes fus Calchn rotushn Alkatinfty
Imber Location__ Number {mgP/1) (w71} {mas1} (maf1)___ fra/3} tug/i) ?mz 1) (mafd)  (mg/1)  {ma/) £2€0)
12 Naubinway ] 6.003 < 147 0,5} 7.1 4 20 4.3 3% 1.0 100
] <0.001 2 138 0.66 6.8 9 18 3.7 H 30 0.9 99
3 <0.00¢ ] 47 .28 7.0 6 0 4.5 12 34 1.0 101
3 0.002 ] 139 1.20 5.9 " 21 4.3 12 33 1.0 89
6 0.001 3 151 0.2% 7.1 6 22 4.3 T4 34 1.0 103
6 0.001 4 151 0.53 14 15 22 4.1 12 34 1.0 10
13 Manistique River 1 <0.00§ 2 151 6.61 I8 44 22 4.3 12 k] 1.0 104
] 0.003 7 154 0.32 1.5 280 24 4.5 13 33 1.0 104
3 0.0 1 152 0.16 7.6 25 22 4.4 12 33 1.0 104
3 0.004 2 151 06.34 1.6 17 22 4.8 12 32 1.2 104
6 0.00% <1 152 0.15 1.6 21 23 4.6 12 32 1.0 105
[] <0.00) ] 148 6.16 7.6 12 22 4.3 12 0 1.0 13
9 0.00] 3 124 5.8 7.9 480 % 1.9 8 3o 0.7 .12
9 «0.001 84 150 G.39 7.6 i1l 22 4.6 12 30 1.0 108
14 Escansba River )] 0.004 153 0.65 8.2 54 2 4.3 13 3 1.1 105
k] 0.004 i8 155 8.67 8.1 850 23 4.3 13 33 11 105
3 0.003 7 151 0.44 8.1 45 20 4.% 1) 32 il 105
3 0.002 $ 155 0.93 8.2 79 22 4.8 13 33 1.2 106
6 0.003 6 154 0.55 85 56 22 5.5 13 32 1.9 104
[] 4.003 12) 155 .23 1.8 360 22 4.2 13 34 1.1 105
is Cedar River i 0.002 ¥ 159 0. 7.% 37 23 5.9 13 34 1.0 109
i 0.004 2 159 1.10 1.8 66 2 5.2 13 34 . 1o
3 0.0US <] 159 08.36 1.7 2t 23 5.3 13 34 1.1 1314
3 0.005 ] 159 ©.99 7.6 46 22 4.9 13 34 1.1 e
6 0.005 1 157 0.2} 1.6 16 22 4.9 13 34 1.0 109
6 0.003 2 158 1.20 1.5 7 22 4.8 3 3% 1.0 109
16 Menomines River 1 0.004 7 156 t.52 6.6 140 23 4.2 5 32 1.1 106
] 0,004 24 157 n.46 7.9 300 22 4.3 14 33 3.2 108
3 g.001 6 156 0.2% 7.9 3& 23 4.2 14 32 j.2 jo7
3 0.00Y L} 156 0.60 7.9 88 22 4.0 14 33 §.2 108
é <0.001 ] 155 6.12 8.0 53 22 4.3 14 32 1.2 107
[] 0.00% $ 158 2.4 1.7 49 23 [N} i » 1.1 107



Table A-6

4

STOREY

Setected river ssmpling results, Michigan Dep'nrbuent of Natura) Rescurces, 1976.

Date
&

Locytion MNumber

$¢, Juseph ltiver at
¢ & 0 railroad bridge,
$t. Joseph 110039

Kalanazoo River at old
US-3V bridge, Saugatuck 030003

Grand River at mouth,
Grand Haven 700026

"uskeqon Lake at South
bank of outiet, Muskegon 610030

White River at nurth
bound US 21 bridge,
Huskegon Co. 6178

Pere Marquotte River,

north channel at Pere

“arquette d, Pere

Marquette Twp. 530033

Manistee River ot
Maple St. bridge,
Manistee S10014

Betsie River st Lewis
Bridge, Cryste) Loke Ywp., 100067

Manistique River &t end
of Herbview Dr. at mouth,
Manistique 770003

Escanabs Rivar st
US-2 bridge, Walls Twp, 200030

Henomines River at 26th
Street, Henomines $5n029

we

176

"

/76

1776

1726

1703

116

2L

76

116

Chemical
Oyxgen
Demand

18.0

7.9

7.0

15.9

.2

12.8

8.}

0.4

22.0
2.0

4.9

Yatal ititrate
Organic . and fenonia Organic Tota)
Carbon  Conductivity ™ Turbitity MNitrite  Witrogen Nitrogen  Phosnhorus
L _sicromhofom a1l wofi N wa/i N W/l K m/l P
9.0 560 7.8 1.120 0.028 1.170 0.1m
9.4 520 6.6 0.740 0.910 0.890 0.121
1.7 soq 7.2 1.5% 0.058 1.170 0.156
20 1.9 0.040 0.019 0.740 0.036
8.9 359 3.8 ©.220 0.029 0.640 n.n5%
7.} 3% 5.3 N.¥70 0.041 1.000 0.05%
" e 4s 5.4 0.150 0.068 9.330 0.030
§.8 3o 7.2 0.160 0.007 0.360 0.02%
8.5 1% 8.2 0.1% 0.061 0.870 9.0630
3.4 340 8.0 6.:00 0.087 0.630 0.078
6.7 229 9.050 0.945 0.400 0.021



Toble A-6 {continued)

—f/g_

fotal 0'::;71«! Dissoived Calctum Alkelinity
Ortho-phosphate Sol biis Shitce Chioride Sulfate-diss Sodlum-diss Nagnesium-diss Ca-diss  Co(Da ' Potassium-diss

pocetion m/1 )/} pg/d 54 no/i v/l ng/} mf) o/l ma/t m)

H 0.006 364 2.9 B4 erg 196

4 0.049 8 3.40 ) 425.0 bg.n bes.n 204 2.0

6 0.007 325 1.60 1.0 “s6.0 832.00 200 5.0 201 %2.20

7 <0001 208 .99 ir.6 %190 ¥12.40 UK *a3.0 % .03

[} 0.004 228 2.9 226 % "13.0 6.3 %46.0 17 %0.84

] 0.008 2 3.30 169 ‘0.0 %13.60 Y16.6 %25.0 159 LR

0 0.010 210 .30 wao  buo b15.00 b0 b2.0 W b .00

n 0.003 202 2,70 5.0 "o %0 14,0 b2.2 149 ® .58

1 0.006 124 2.50 .0 Yxo b .80 %8 b30.0 ” b2

" 0.029 2 2.60 2.9 108

% 0.003 5] 2.40 29 Yo ®5.00 b5.2 b29.5 97 b0

8 » sampied 9/76
& » aampled 8/76
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Table A-7
Station §

Location
_Rumber Location

1 Galien River

2 St. Joseph River
3 Black River
L] Kalamazoo Rivor

5 Lake Macatews nutlet

6 * Grand River

? uskegon Lake

[ ] White lake

) Pere Harquetts

" Manfistoe River

=
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LYY
-~

®>

®on
e
w®w@
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=W E WD O
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3338 333
“Ewwe essw
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Doo winbuw DdDow ocowwm
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AR e am
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Sz 33
D00 SO

DeDaL® Dwuu Len-

DOIOEE IOCDI® DO DoOEE®E EEDODO DEE®
NNNUPR WNNNN PRSP ORNA PHAN SARK

1= X- R X

-

oy
3
-

Conductivity
Saturation pH_____pmho/cm®

— Water column physical-chemical resuits®at 16 Tocations, Lake Michigan, 1976,

Chior &

{ua/l)

Secchi
Oisc

(m}

Date
Sampied

Vime

362
280
220

228

6.1{m}

6.9{im}

4.7(5n)

3.3(5m}

5.6(5m)

5.8(5m)

6.4(5n)

2.3(5m)

3.1(5=)

)
7

.6
0.8
2.9

2

/6

tZAL]
mMmi
1719

na

"y

na

na

1%

na

1430

0
930
1218

725

100

1250

1750

1430
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Table A-7  {continued)

Station 1 (continued)

Dissolved Secchi
Location Bepth Temp Oxygen £ Onygen Conductivity Chlor a Disc Date
Number. Location {m) °C {mq/1 Ssturstion _ pH  umho/ce® [0 12)] {m) Sampled Tine
1] Betsie Lake ] 22.2 8.8 103 8.7 230 2.9(5n 5.5
2 .0 8.0 102 B.7 220 (5n) v 1o
4 19.8 5.2 104 8.8 220
[3 19.8 8.9 o 8.8 220
7 9.8 8.9 [0]] 8.8 220
12 Raub tiway 0 16.8 8.6 92 8.5 - 3.8(5m) 4.3 /1o 102
2 16.8 6.6 92 8.5 -
4 16.5 8.6 S0 8.5 -
[ 11.5 8.6 84 8.5 -
? 13.0 9.0 88 8.5 -
13 #anistique River I} 9.1 8.9 198 2.1(%m) -- a7 830
Z 18.5 8.9 200
4 19,2 8.9 29
H] 6.3 8.9 20
1" Escansba River 0 8.0 10.1 1ne 8.7 212 5.3(5) 4.3 8/13 1630
2 7.8 10.4 13 8.7 212
4 17.8 10.3 n2 8.6 210
15 Cedar River 0 19.0 1.5 128 8.8 215 6.8(5n) 3.0 ane as
2 18.5 .2 & 8.6 28
4 i 155 10.0 103 8.3 209
§ 15.8 9.3 97 8.2 2%
16 Henomines River 0 20.0 3.8 U5 6.9(5}) 2.3 8/18 830
2 20.0 8.8 243
[] 19.5 8.3 243
] 19.0 8.7 FLk]



_Lg_

Tabte A-F  (continuad)

Statton 3
Depth D&ssoln‘ Sgcin:M »
Location pt Teap., yxgen % Oxygen Conductivity hlor a 3¢ ate
Humber focation {m) ‘cp {mal1} Saturation " holt.’ iy_qj‘) {m) Samnled Time
] Galien River .0 25.2 8.5 05 8.3 240 1.1(tm) 3. 176 1530
2 22.2 8.5 160 8.3 219
4 21.0 8.8 m 8.8 225
[ ] .2 8.8 10i 8.3 220 .
8 2.4 9.0 102 8.3 220
15 18.8 9.3 103 8.3 210
4 17.5 9.7 104 8.1 210
.
H St. Joseph River - - - - - - 7.6(tm}) 1.8 ma 930
) Black River - - - - . . - 0.9 L/2N] 1010
4 Kalamazoo River 1] 20.0 9.2 104 8.6 225 2.0(5}) 2.7 1719 1300
2 20.0 10.8 122 8.6 225
4 20.0 10.9 12) 86 225
6 20.0 12.0 136 8.6 225
8 20.0 1.6 13 8.6 225
10 2.0 1.8 133 8.6 225
4 20.0 12.2 133 8.4 225
$ Lake Nacatows 1} 20.0 9.2 04 8.6 225 3.1{5m) 14 b3 830
2 20.0 9.3 5 8.6 225
L] 20,0 9.3 195 8.6 225
13 0.0 9.3 105 3.6 225
8 20.0 9.2 104 8.6 225 -
10 20.0 9.3 105 a.6 225
" 9.0 9.8 109 8.6 2n
é Grand Rliver 1] 20.0 10.5 19 8.6 225 3,3(fm) 2.7 na 600
2 20.0 10.¢ 13 . 8.5 225
4 20.0 9.2 104 8.5 225
[3 20.0 10.2 115 2.6 220
8 20,0 10.6 120 8.5 225
10 20.0 10.4 118 8.5 25
14 20,0 19.4 118 86 2



Yable A-7  [continued) .

Station ) {continued)

Dissolved Secchf
Location Depth Temp, Oxygen % Oxygen Conductivity Cilor a Disc Date
Juaber . Locstion fm) L. {ngi1) Saturation .. oH . amha/ca’ {ugsll {n) Samnled Yime
7 Muskegon Leke 0 19.8 9.2 108 8.7 228 2,3(5m) 3.7 nu 1400
4 19.8 8.9 1ol 8.7 225
4 19.8 9.2 %% 8.7 225
6 19.3 .1 20 8.7 220
8 19.3 Lt n 8.6 220
10 19.3 9.2 jo2 8.6 220
14 19.0 10.% 1114 8.6 220
] White Lake 9 19.0 9.7 168 8.7 220 2.6(5n) 3.7 na 1300
2 19.0 9.7 108 8.7 220
§ 19.0 9.5 ¥os 9.6 220
6 19.0 9.3 03 6.6 220
a8 19.0 6.8 99 8.& 220
§0 18.0 8.8 96 8.6 220
11 6.9 .3 0 8.6 22
] Porg Marquetie River ] 20.2 9.1 103 8.9 225 2.6(5a) 4.6 1/26 1530
2 20.5 9.9 12 8.8 225
4 20.5 10.6 120 8.0 225
6 20.5 1.5 190 8.4 225
A 20.6 0.4 18 8.7 225
10 19.5 1.9 2 8.7 m
4 18.% n.e 19 8.7 215
0 Manistee River 1} 19.2 9.3 03 9.8 218 2.6(5m) 6.7 1k 830
2 19.2 9.7 108 £.8 220
4 ¥9.3 10.0 n 3.0 215
6 19.9 9.7 108 6.8 215
8 18.8 9.7 108 8.7 215
10 18.5 9.8 107 8.7 215
14 7.8 101 110 8.7 210
11 Betsie Lake [1] 21.7 8.9 104 8.8 230 2.6(5a) 6.1 1z 1500
2 26.0 %14 103 8.8 220
& 19.8 9.3 ns 8.8 220
6 19.% 9.1 0 8.8 220
8 19.3 8.9 99 2.8 - 220
n 12.} 9.2 2 8.6 215
14 18.8 9.2 192 6.8 215
12 Naubinway [ 17.¢ 9.0 9 8.5 195 1.8{5n} 7.0 8/16 130
2 17.9 $.3 Wi 8.5 195
4 17.8 8.8 96 B.4 199
[ 7.8 8.0 9% 8.4 198
L} 7.6 9.9 101 8.4 195
n 13.0 0. 99 8.2 170
14 3.0 9.8 92 1.1 150
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Toble A-7  (continued) .

Station 3 (continued)

. nt‘)m'm 0 Conductivit, chi S;:chl Dat
Location Depth Temp, xygen % Oxygen ctivity or & [ ate
MNumber, Location {m} o {wo/1) Saturation _ pH___ umao/ce’ {pa/1) {m) __ Swmpled

Manists 9 12.0 8.9 210 1.2(5m) 9.8 L

" stie 2 19.1 8.9 HH

4 19.1 8.9 218
6 19,0 8.8 215
8 1.0 8.8 210
10 15.0 2.8 190
[ 1.0 8.7 105
1" Escanebs River 0 19.4 9.8 109 8.9 225 3.3(6m) 4.3 8/18
2 18.8 10.0 m 8.8 225
4 18.6 10.0 "i 8.7 222
[ 18.4 9.8 107 a7 222
8 18.1 9.5 104 a.7 225
10 18.9 9.5 104 8.7 222
" 1n.” 7.8 n 8.2 195
1 Cedar River 0 20.0 9.6 109 8.8 230 L) |, S.2 819
2 19.6 9.6 Vo7 9.8 2%
4 19.5 9.5 108 8.8 230
6 19,5 8.5 105 5.8 225
8 19.5 9.5 105 8.7 225
10 16.0 8.0 8 8.3 208
" 9.0 1.2 69 8.0 175
" Henominee River [ 20.9 a.9 220 1.1{6s) 3.0 8na
2 20.0 8.8 229
4 0.0 2.0 220
6 20,0 0.8 220
8 19.0 8.6 220
10 13.0 8.5 215
" 17.3 8.2 210
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Table A-7  (continued)
Statfon &
Dissolved . Secchi
Locstion Depth Temp Oyngen % Duygen Conductivity Chlor o Disc Date
Number Location {m) °C tma/1} Saturation __pM woho/cm? {uaf1) (m) Sempled  Time
1 Galian River 4] 4.2 8.5 3 8.5 240 1.2(5m} 3.0 1/6 1730
2 22.4 8.% 100 8.5 230
& 2.0 8.7 a2 8.4 230
6 21.5 8.8 o 8.4 22%
20.8 9.0 104 8.4 220
10 1.3 9.1 0 B.4 215
i5 13.5 $.G a3 8.0 199
19 10.0 10.0 92 7.9 175
2 St. Joseph River 0 0.2 - - 5.5 220 2.0{5m) 5.8 9/16° W20
4 20.3 - - 8.5 225
] 20.2 - - 8.5 223
] 20.2 - - 8.5 223
8 0.2 - - 8.3 223
0 20.2 - - 8.3 223
15 9.0 - - 8.2 223
20 18.0 - - 8.1 10
25 ir.o - - 7.8 185
s 5.0 - - 1.8 160
[} Kalmmazoo River L] 26.0 9.2 0§ B.8 218 2.4(4m) 5.2 me 1510
2 19.5 9.7 108 8.8 229
4 19.5 9.9 e 3.8 225
é 19.8 10.5 11 8.8 220
8 19.6 10.3 114 8.7 220
10 18.§ 10.0 ing 8.7 229
15 16.0 10.5 i 8.5 20
6 13.0 .7 105 8.2 199
25 1.9 1.3 106 8.2 160
29 $.9 . 195 8.2 175
1 Lake Hacataws L] 21.0 5.6 iné 8.6 230 3.4{5) .7 v 185
2 21.8 9.0 104 8.6 228
] 21.¢ 8.7 4G 8.6 T2
13 .9 8.7 60 8.6 225
L] 2.0 8.9 03 8.6 228
0 2¥.8 2.8 105 8.6 22%
1% 9.5 10.% 2 8. 220
20 15.% 0.8 1 8.6 210
25 12.9 0.8 14 ©o8.2 165
29 6.9 3.7 85 8.0 nm
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Table A-7  {continued) .

Station & {continued)

. Dissolved Secchi
Locstion Depth Yemp Oyxgen £ Oxygen Conductivity Chior a Disc Date
_Humber Location {m) °C {ma/1) Saturation plé____jmho/cm? {ugst) {») Sampl {7
[ Qrand River [} 20.0 9.2 104 8.7 240 3.0(5m) 0.4 ma 1900
2 0.9 3.2 104 8.6 240 :
[} 15.8 8.8 100 8.5 240
6 19.8 8.5 96 8.6 240
n 19.8 9. 5 6.6 %
10 19.6 10.3 17 8.7 21
15 19.0 10.4 115 8.7 225
20 i9.9 10.5 mn 8.5 230
25 1.0 10.8 115 8.4 215
29 14,0 1.6 16 8.4 150
! Nushegon Leke 0 19.5 9.8 109 8.7 20 2.2(%») (R} nwa 1245
2 19.5 9.1 10l 8.7 225
L} 19.5 8.7 97 8.7 220
[ 19.0 9.7 168 8.7 215
8 190 10.2 (15 8.7 20
10 13.0 10.4 115 8.7 20
18 18.5 10.4 1 8.7 215
20 4.0 13.4 g 8.6 190
25 9.8 13.2 31 8.4 176
29 9.0 12.8 114 8.4 7
[ White Lake [} 19.0 9.3 103 8.8 20 3.0{%m) 4.3 na 708
2 19.0 9.1 101 8.8 220
§ 9.6 9.3 103 8.8 220
6 19.0 1.2 n3 8.8 20
8 18.% 10.2 in 8.8 220
10 18.0 i0.2 m 8.7 215
15 i7.0 i0.2 09 8.6 215
20 17.0 10.% 12 8.6 210
25 4.0 10.8 108 8.4 199
29 9.5 .8 97 8.4 150
9 Pare Harquetts River [ 210 9.0 104 8.0 228 2.7{5m) 4.6 1728 1430
2 21.0 4.8 13 8.8 225
§ 20.6 10.2 115 8.8 225
€ 29.0 10,3 7 3.8 228
. 8 20.9 16.5 ne 8.6 225
1o 19.0 10.5 11 8.8 220
18 18.¢ s 4 2.6 25
20 5.9 it} 14 8.5 220
F4 9.0 . 0% 8.6 . 168
24 1.8 A 103 8.2 169



Table A-7  (continued) .

Station § (continued)
Oissoived Secchi

Location Depth Temp Onygen % Oxygen Conductivity Chlor & Disc Date
Humber Locstion {m) °c {mg/1}) Saturation pH pmho/cm? {na/i) (=) Swpied Tine
0 Kanistes River 0 9.3 9.3 103 8.8 215 2.4(5a) 7.3 v 7725
2 ' 19.3 9.3 n 8.8 215
4 19.3 9.3 3 2.8 215
6 19.0 9.4 94 8.8 215
8 j9.0 9.9 110 8.8 215
10 18.8 10.6 113 8.8 215
15 8.4 0.4 113 §.7 210 *
0 17.% ie.5 12 8.7 210
25 16.0 19.7 12 8.5 205
. 29 14.5 10.9 12 8.% 195
" Betsie Lake [} 21.% .5 93 8.8 275 2.2{5=) 13 e 1500
2 20.5 8.9 10% 8.8 220
4 20.0 8.9 101 8.8 220
6 19.8 8.9 101 8.8 220
8 19.5 9.2 104 88 215
10 19.3 9.3 105 8.8 215
% 18.3 9.3 101 8.7 210
20 16.3 9.3 97 8.7 205
25 4.2 9.8 99 8.7 195
29 10.0 10.8 99 8.6 160
[} Haulyfrmay o 17.8 9.6 105 8.5 198 1.8(5n) 1. 9/16 1135
2 7.9 9.5 103 8.5 198
. L} 17.8 9.4 102 8.5 190 .
6 16.5 9.8 103 84 198
8 16.5 9.8 103 8.3 190
ig 16.5 2.6 100 8.3 190
15 15.0 9.8 100 8.3 132
13 Hanistique River 6 19.2 9.9 218 1.0(5%) 9.0 (Y1} 830
2 19.2 3.9 218 :
4 19.2 8.9 218
] 19.2 8.9 218
8 19.2 8.8 214
10 19.0 8.4 218
15 19,1 8.8 218
20 19.5 8.7 199
5 1.8 8.6 Ve
29 7.8 8.% 160



Table A-7  {continued)

Station 6 {continued)

_E 9—

Dissolved ' Seccht
Location Depth Temp Oxyqen % Oxygen Conductivity Chlor a Oisc Date
_Humber Location m) °c (mg/1) Saturation pH pmho/cm? {ug/71) (m) Sampled Time
4 Escanaba River 0 17.5 9.8 115 81 219 1.3(5m) 4.0 a/18 1630
2 17.5 9.8 105 99 21n
4 17.5 9.8 105 8.3 210
6 17.5 9.8 105 B3 219
8 17.% 10.9 107 8.3 219
10 1.8 10,1 i3 8.2 n%
15 15.5 939 10 82 piiit)
20 150 9.2 94 B.O 130
22 130 8.8 86 3.0 178
15 Cedar River 0 20.0 2.8 m 8.9 225 2.0(5m) 5.8 8/19 L1
2 200 10.0 n3 8.9 225
4 20.¢ 0.9 113 8.8 226
6 20.0 98 m 8.8 225
B 200 9.8 m 3.8 21
10 20.0 9.8 mn 8.8 225
15 19.0 9.8 109 8.8 220
20 13.0 9.0 a8 8.2 199
25 80 8.0 70 81 162
2y 80 8.0 10 8.0 160
16 Menominee River 0 20.5 B.4 225 3.8{6m) 3.4 8/18 830
2 20.5 3.4 225
(] 00 8.4 2720
6 0n0 8.4 220
8 20.0 8.3 221
1o 20.0 8.4 220
i5 19,5 8.2 215
20 V4.5 8.0 200
25 12.5 1.8 185
29 10.0 7.0 75



Table A-? . {continued) 3

_ Statlon 9
B Dissolved 0 o S;fcbl bt
Locatd Depth Temp Oxygen xygen Conductivity or a sC ate
. Mimber __locatton Bl ‘¢ (w/\)  Seturation ph ojemt _ Ge/)) _ (a) Sewpled  Time
[
| . .
. s glack River ) . . N . . . 4.0 myre M
" Beisie Lake 0 2.3~ 8.9 103 8.6 220 1.8{5m) 8.5 a8 1800
2 20.0 9.3 193 8.8 220
L} 20.0 8.0 102 a3 220
[] 14.9 5.3 103 8.8 220
; 8 19.8 9.3 103 8.8 25
b " 19.5 9.3 105 3.8 215
3 } 15 19.0 9.3 03 8.7 k3L
i o) 20 16.5 9.8 103 8.7 205
h > 25 4.6 10.3 103 5.6 195
E ] » 8.0 1.8 104 8.5 165
i % 6.5 11.4 9 8.4 155
: 39 6.0 11N} % s.¢ 113

;
!



.

Table A-8 Sediment particle wize percent canpusition ot 16 Tocatfons, Lake Nichigan, 1976,

Very
Total Coarse Coarse Hedium Fine
Solids Volatile Gravel Sand Sand Sand Sand
Locatton Station ngh Total ids >2 m 1-2em  0.5-1mm  0,25-0.5mm 0.10-0.25 m
Number Location Humber m % vet wt, 17,s, Edrywt., g dry we. % dry wt. % dry wt. € dry wt.
ver
i 5 ey.3 2.1 6.1 1.6 L1} 6.3
H 15 81.2 0.1 0.1 3.7 22.8 ma
3 15 an.4 9.1 5.2 2.9 1.5 80.0
4 15 1.8 2.1 0.2 2.5 8.0 . 16.2
5 20 81.9 0.1 0. 3.2 18.3 73.0
1] 20 8. H.1 0.3 3.1 e 19.2
. ? 20 79.6 0.3 0.2 3.6 20,0 n.2
¢;\ H S5t. Joseph River
- W ] [} 80.2 9.1 a3 0.5 3.2 63.9
¥ 2 i5 8.1 9.1 6.1 3.8 31.0 56.4
3 1% 81.8 0.1 0.2 6.9 57.0 32.7
4 5 B1.§ 0.1 0.2 2.6 .9 53.9
13 30 14.¢ 0.3 n.7 1.4 3.4 4.7
6 0 72.8 Q.2 LR 1.3 1.5 9.7
7 30 75.0 0.1 0.5 1.3 2.7 0.3
3 JRlack River
) 5 83.9 18.6 2.8 46.2 2.8 6.4
2 15 79.9 9.3 0.1 1.6 5.5 85.1
3 1% 80.4 0.1 0.2 2.5 6.7 84.3
4 15 a1.s 0.1 0.3 2. 6.8 82.2
- 30 80.8 0.4 1.2 7.8 17.0 455
6 0 82.0 0.2 1.0 14.7 24.6 37.2
? 10 8t 0.2 0.8 0.8 40.6 9.}
8 45 41.1 0.1 0.1 0.7 1.6 2.9
9 45 42.4 0.1 .1 0.6 1.5 2.4
10 45 4.8 0.1 0.2 0.6 1.6 2.7
4 Xalamazon River 1 5 84.) 0.0 0.0 2.8 81.4 15.5
2 5 4.4 n.0 0.0 1.4 38.3 56.)
3 15 85.0 0.0 0.9 3.2 76.0 18.7
4 15 85,1 0.0 a.n 4.8 71.3 20.3
$ 30 23.3 9.6 1.8 8.0 . 41.%
1] 0 82.8 0.1 0.5 2.3 0.2 46.9
7 30 82.0 0.0 n. 1.1 10.0 2.6



Clay

<0.002 mm

% dry wt.

Sile
0.002-1.05 wm

% dry wt,

Very
Fine

Sand

0.05-0.10 mn

3 dry wt.

Station

Number

Statd
Galien River

{continued)

Table A-9
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Teble A-8  (continued)
Very
% Total Coarse Coarse Yed tum Fine
Solids Voistile Graye) Sand Sandd Sand Sand
Locstion Station Degth Total Solids >2 m 1-2 0.5-1 mm 0.25-0.5em  0.10-0 25 me
Munber Location Humber [m) % wet wi. 3135, Sdrywt, _§drywt. % drywt, % dry wt. % dry wt.
s Lake Macatiwa
1 7 82.6 9.9 0.¢ 1.1 68.5 0.4
2 15 85.4 0.4 2.3 n.5 58.5 1.0
3 18 85.0 0.9 1.2 8.6 63.0 6.4
4 15 85.3 0.3 2.8 3.8 58.3 6.5
S 30 8.9 9.0 0.4 1B 67 46 |
[ 3 79.4 0.3 ©.8 3.0 9.7 41.4
? ki) 8i.6 4.0 a.4 1.9 8.9 9.9
6 Grand River i 7 8.7 a.n 0.1 0.4 22.3 17.0
2 15 88,6 0.0 0.2 1.9 7.4 24.4
° 3 i5 81.6 0.0 0.1 3.0 A 25.7
L] i35 83.0 0.0 0.2 4.5 74.3 209
5 30 60.1 0.2 1.1 1.7 2.1 56.8
6 30 8.3 6.2 0.4 1.7 16.0 60.)
7 30 82,5 0.1 0.7 3.7 174 531
7 Muskegon Loke
] 7 81.6 0.8 0.9 0.9 20.3 18.7
2 15 8.7 0.0 0.0 0.§ 43.) §5.5
3 15 8 1.0 0.9 6.7 31.9 65.1
4 15 8.1 8.0 0.0 1.0 7.3 60.3
s i¢ 2 0.2 0.2 2.1 22.8 $2.7
[ k] 82.6 6.0 0.1 2.4 n.2 0.4
7 3¢ 82.7 0. 0.2 1.5 16.7 52.9
L} thite Leke
1 7 81.4 0.2 0.1 1.2 40.5 55.9
2 15 B4.2 0.1 0.4 4.5 50.5 43.9
k) 1% 84.3 0.4 0.7 4.4 45.6 4.0
L] 15 84.3 0.4 0.3 4.1 45.0 45.8
5 0 82.% 0.1 0.3 5.2 3.3 58.3
6 k1] 82.6 0.2 0.4 5.7 ny 57.6
? 0 8.3 0.} 9.2 $.3 .0 s7.6
9 Pore Margustie River
1] 8 8.0 <0.} 2.1 0.7 1.9 82.3
2 B 82.8 0.0 0.§ Z.8 3o.7 66.)
3 15 82.8 0.0 0.1 2.7 3.5 65.7
A 15 82.8 0.0 2.1 2.8 231.9 65.4
§ i 8.0 0.1 0.3 7.9 55.1 36.6
é 30 8.8 0.5 0.5 16.3 62.7 19.4
7 30 82.8 0.3 0.2 19 .8 4.7



(continued)

Table A-B

Clay
<0.002 rm

% dry wt.

Sttt
0.002-0.05 we

2 dry wt.

Fine
Yery
0.05-0.10 sm
1 dry wt.

Statton

Number

Location

Location
Humber

—Cd MWD~
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ak

Grand River
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Hhite Lake
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oo 6 F3 @ WD
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Fine

Sand
0.10-0.25 wm
3 dry wt,

Sand
0.25-0.5 rm
idry wt,

Hedium

Coarse
Sand
§.5-1 wm
$ dry wt.

Very
Coarse
Sand
1-2 wm
X dry wt,

Gravel
>2 v
% dry wt.

Yotal
Yolatile
Solids
5 1.5,

Sotids
Total
% wet wt,

Depth
{m)

Station

Humbey

(continued)
Location
Menistes River
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Clay
<0.002 e

Sile

0.002-0.05 wm

Very
Fine
Sand

0.05-0.10 o

Station

Number

{continued)

Locstion

Sunbor
w0
1l
W2
i3

Table A-8
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Fine
Sand
0.10-0.25 w»
% dry wt.

Sand
0.25-0.5wm
% dry wt.

Medium

Sand
0.5-1 e
wt.

Coarse
% dr;

Very
Coarse

Sand
1-2

£ dry wt. 2 dry wt.

>2 wn

Gravel

Total
Yolatite
Solids
£1.5.

Total

X wet wt.

Solids

Depth
()

Station

Humber.

Location
aba River
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Table A-B
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Clay
<0,002 om
3 dry wt.

Site
0.002-0,05 wu

X dry wt.

Very

Fine

Samd
0,05-0.10 ws
% dry wt.

Station

Number

{continued)
Station
scanaba River

Location
L]

funber
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tocatron
_Number

Table A-9

Location

Sediment chemistry results from 16 locations, Lake Michigan, 1976.

except where otherwise indtcated.

Galien River
T &tatinn
Statinn
Staton
Station
Statien
Station
Station

N L S N -

St. Joseph River
Station T

Stetion 2

Station 3
Station 4
Statien S
Station 6
Station 7

Black River
" Station
Station
Station
Suation
Station
Station
Station
Station
Station
Station

O O B N

Kalamazoo_River
Station T
Station 2
Station 3
Statlon 4
Station §
Station 6
Station 7

Lake Macatawa
Station
Station
Station
Station
Station
Station
Station

NS R —

Concentrations expressed as mg/kg dry weight

Depth  Total  Total Total Total  Total Total Total Total Total
{m) _ Copper_Mercury Cadmium Chromium Zinc__ Nickel Lead _lron _ Manganese

5 0.8 0.02 0.1 1.7 7.1 9.4 2.7 1600 3.9
15 0.7 <0.01 <0.1 12 8.8 4.6 2.6 1300 3.3
15 V2 0.0l <01 2.0 15 4.5 6.3 2100 513
15 | 003 <0.1 2.2 18 4.5 7.0 2400 6.9
20 30 ¢ 03 0.2 4.7 54 9.3 16 6500 15
20 29 00 0.1 47 51 10 16 6400 15
20 2.4 ¢.03 <0.1 4.3 43 9.9 14 6500 11

6 1.1 <00 <0.1 1.3 8.0 3.7 2.4 1700 43
15 2.2 0.01 <0.1 3.9 16 5.7 1.6 2900 75
15 0.9 0.03 <Q0.1 1.8 1" 3.6 3.0 1900 52
15 1.4 0.02 <0.1 2.2 12 5.3 3.2 2300 68
30 14 0.05 0.4 16 120 14 32 15000 520
30 14 0.05 0.5 17 120 15 32 15000 470
k[0) 15 0.06 0.4 18 130 14 33 17000 510

5 1.4 <00 <01 2.5 2 7.8 4.5 5100 140
15 1.6 0.02 <0.1 2.3 13 6.7 6.7 2500 Iy
15 1.1 0.01 <0} 2.3 1 5.7 6.6 2300 67
15 1.7 0.0 <Q.1 3 15 6.9 6.1 3000 85
30 6.9 0.03 0.7 8.5 59 8.9 7.9 7400 280
30 5.3 0.03 0.6 6.2 51 6.2 25 6000 210
30 4.7 0.02 0.4 5.5 52 7.9 20 5900 180
45 40 0.20 1.2 32 190 32 42 24000 500
45 50 0.38 1.8 40 240 39 130 30000 680
45 40 0.21 1.2 32 190 35 68 13000 . 540

5 10 <0.01 <0.1 2.0 8.0 3.9 4.1 2000 43
15 0.9 0.03 <0.1 1.9 12 4.4 3.7 2200 62
15 0.8 0.01 <0.1 1.7 10 4.2 3.6 2200 58
15 0.8 <0.01 <01 1.8 10 5.0 2.5 2400 55
30 1.1 0.04 0.4 8.7 51 1.4 13 63800 290
30 6.3 0.02 0.3 7.8 46 8.0 16 5600 240
10 4.6 0.06 0.5 12 70 12 34 7300 420

7 0.5 0.02 <0.1 1.8 7.3 4.6 2.4 1800 40
15 1.0 0.03 <0.1 2.7 12 6.7 3.4 3400 92
15 0.9 0.02 <0.1 2.0 9.9 4.8 2.1 2400 60
15 1.0 0.01 <0.1 2.2 11.6 5.8 3.7 3000 78
30 5.9 0.06 0.4 8.0 44 16 28 5800 230
30 6.6 0.06 0.6 8.2 46 17 28 6400 280
30 7.3 0.65 0.7 8.3 47 20 29 7900 320

Total
Solds

a2
84
82
83
8¢
81
83

Total
Volatile
Solds
_{*)__ (x1s) T.KN._T.P. C.OD gwkg
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V73
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3300
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180
64

38
1w

260
410

340

99
180
200
189
210
159
139
590
620
590

56
114

60
330
260
300

40
43

' 260
270
280

750
1300
2200
1400
3700
4100
3300

680
1900
990
1400
23000
18000
19600

1100
1800
2200
2200
8100

. 1700
. 5300
83000
110090

'84000

2000
1500
1100
1200
7800
8100
13000

1600
1800
1500
1500
9500
9000
10000
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Tabla A-9 (continued}

Totatl
Totai  Volatile
Lecation Depth  Total Total Total Total Total Total Total Total Total Solids  Solids 10C
Number Locat ion (m) Copper Mercury Cadmium Chromium Zinc Nickel Lead Iron Manganese  (7) (71S)  T.K.N. T.P. C.0D. gm/kg

6 Grand_River
Station T 7 1.2 0.01 <0.1 2.4 9.6 5.3 2.0 2000 45 a1 0.4 54 71 1200 0.82
Station 2 15 0.9 <0.01 <0.1 2.3 9.8 4.8 2.1 2400 44 82 0.2 23 49 940 0.31
Statfon 3 15 0.7 <0.0% <0.1 1.5 8.1 3.5 2.5 1700 32 83 0.1 21 66 760 0.3
Station 4 15 0.8 <0.01 <0.1 2.1 9.0 4.6 2.8 2200 43 82 0.1 20 51 . 630 0.26
Station 5 30 7.8 0.04 0.7 10 56 16 37 6400 350 78 0.5 490 200 8900 3.2
Station 6 30 9.0 0.04 0.6 14 67 18 35 6100 350 80 0.8 520 270 11000 2.6
Station 7 30 9.0 0.06 0.8 n 65 16 37 6400 470 80 0.6 480 280 10000 3.2

7 Muskegon_Lake

. Jtation' T 7 0.5 0.03 <0.1 1.5 1.7 3.8 1.8 1600 a2 80 0.2 22 a0 670 0.26
Station 2 15 0.8 0.0 <0.1 1.8 7.0 3.9 1.7 1500 34 84 0.1 22 50 1400 0.49
Station 3 15 0.8 0.01 <0.1 1.6 8.8 4.3 2.9 1700 37 78 0.} 25 54 930 0.35
Station 4 15 0.6 <0.01 <0.1 1.8 7.9 4.0 2.1 1600 37 a3 0.1 26 55 980 0.37
Station 5 30 8.0 0.0 0.8 8.6 64 22 46 6200 620 50 0.1 330 210 11000 3.5
Station 6 30 7.1 0.03 0.6 8.8 58 20 35 5700 600 80 0.4 270 193 12000 3.8
Station 7 30 7.5 0.03 0.7 9.3 57 20 37 6400 560 8 0.9 460 340 15000 3.1

3 Khite Lake ‘
Ttation } 7 0.7 0.04 <0.1 1.6 6.3 4.1 1.7 1300 3 83 0.2 43 ¥ 1500 0.61
Station 2 15 0.6 0.01 <0.1 1.5 5.5 3.8 1.8 1400 28 84 0.9 26 42 1200 0.41
Station 3 15 0.7 0.02 <0.1 1.8 5.9 4.1 1.6 1500 29 83 0.2 26 18 1200 0.55
Station 4 15 0.6 0.0 <0.1 1.5 6.0 3.2 1.8 1300 30 81 0.4 ¥ 46 1300 0.45
Station 5 30 3.8 0.01 <G.} 4.9 30 il 16 3200 270 81 0.6 240 120 8500 2.7
Station 6 30 4.0 0.0 <0.1 5.1 30 1" 16 3200 240 80 0.6 360 126 6200 2.3
Station 7 30 4.3  <0.01 0.3 5.4 36 7.6 i8 3100 280 81 1 350 126 6500 1.6

9 Pere Narquette River
Station 1 8 0.5 00 <Q.1 0.9 4.5 2.6 1.9 960 72 79 0.4 22 A3 780 0.46
Station & 15 3.2 0.02 <0.1 0.9 5.6 2.2 0.9 980 18 80 0.1 5 4 a20 0.26
Station 3 15 0.4 <0.0! <0.} 1.0 5.6 1.7 1.3 970 18 80 0.2 8 32 860 0.27
Station 4 15 0.3 <0.01 <0.1 0.8 6.8 1.8 1.0 1000 18 82 0.6 21 43 830 0.25
Station § 30 0.7 0.0} <0.1 1.2 7.2 3.1 2.3 1400 38 78 0.4 59 34 1600 0.43
Station 6 30 0.6 <0.00 <0.1 1.0 12 2.1 1.2 1300 48 82 0.2 37 33 770 0.25
Station 7 30 1.4 0.01 0.1 1.8 10 5.8 4.6 1300 53 74 0.4 91 5 11700 0.40

10 Manistee River

Station | 10 0.9 0.01 <0.1 1.3 4.4 4.0 1.6 1100 25 82 0.2 75 42 2000 0.79
Station 2 . 15 0.3 0.05 <0.} 0.6 2.9 2.1 0.2 730 1 83 0.2 16 28 580 0.23
Station 3 15 0.3 0.0 <0.1 1.0 3.6 2.5 0.4 1000 26 85 0.7 15 30 480 0.19
Station & 15 0.8 <0.0% 0.3 0.2 3.4 3.3 1.2 1100 18 85 0.2 13 3 500 0.28
Station 5 30 1.9 0.04 <0.1 2.1 10 5.5 6.8 1700 78 78 0.2 144 92 3500 1.3
Station § 30 2.0 6.03 4.1 Z.4 15 4.1 6.8 1600 100 80 0.2 146 74 2900 1.1
Station 7 3 2.4 0.07 0.1 2.7 17 5.9 9.7 2200 130 79 0.9 143 92 3800 1.5



Totat
. Total Volatile
\ Location Depth Total  Total  Total Total Total Total Tota) Total Tutal  Sotids Solids
' _Nugher  location ____{m)___topper _Mercury_ Cadmium_Chromwum____Zipc._Nickel __Lead _ iron_Manganese (%) (315} T.KH. TP COD
n Beto1e Lave
Statwon | 8 0.7 om <0.1 [ 2.8 3.7 22 620 i 85 05 19 39 560
Station 2 15 06 0 0} 0.1 1.5 4.4 4.3 2.6 780 24 81 0.4 39 83 960
| Station 3 15 06 00 <0.1 0.8 3. 3.2 16 610 14 85 0.6 R 55 730
! Station 4 15 1.0 6 02 <0.1 1.8 41 5.0 3.3 924 28 78 0.2 45 81 2000
Station 5 30 1.2 <00 <0.1 1.4 7.4 3.5 3.0 1200 50 78 0.4 84 56 3400
Statien 6 30 0.4 0.02 <0} 0.8 4.2 1.9 0.9 850 30 83 10 6 39 1300
Station 7 30 0.4 001 <0.1 0.7 3.5 2.3 0.4 830 21 a1 0.4 29 28 2600
Station 8 40 3.4 <G 01 <0.1 3.3 19 7.9 12 2300 170 81 05 210 73 5300
Station 9 40 24 0.0} <0.1 2. 13 7.5 6.9 1600 190 70 <0.1 o 72 3700
Statron 10 40 15 0.01 <0t 1.6 8.1 3.8 3.4 1200 n 80 0.1 109 48 2200
1”2 Naubinway
Station 3 8 2.7 <0.0) <0.1 ' 15 8.0 7.1 3000 53 85 02 310 133 7600
Statron 2 15 2.7 <00 0.3 3.5 14 5.5 n 1900 43 80 .1 410 167 8800
Station 3 15 24 <0.01 0.1 3.2 18 54 8.6 2600 46 87 0.5 260 121 1400
Station 4 15 3.5 0.01 <0.1 3.8 20 7.4 12 2400 57 74 0.3 410 184 11000
f\' Station 5 20 4.1 <0.01 0.2 6.8 31 13 8.5 18000 1500 85 05 210 104 4000
W Station 6 20 I 0.01 <01 1.8 1 5.0 3.6 2000 74 80 0.2 210 58 5900
r Statwon 7 20 n 0.0} 0.1 12 110 23 21 53000 4500 79 10 360 300 7700
13 Manistique River
Stattan 1 6 4.2 oM 1.0 7.5 i 18 15 10000 34 86 G.1 85 97 17000
Station 2 15 0.1 0.0} 0.7 0.6 2.0 “l <0.2 8/0 7.1 ik 0.2 43 28 1200
Station 3 15 0.3 0.01 <01 0.6 2.8 2.0 <0.2 880 8.0 86 0.1 9 24 1760
Statinn 4 15 0.3 0.01 <0.1 0.4 2.8 < 0.7 810 7.3 a7 0.1 43 23 1000
Station 5 10 07 0.02 <0.1 0.7 80 34 3.8 2400 150 82 0.4 80 61 2100
Station 6 30 0.9 <0.00 <0.1 10 7.8 3.9 2.9 2000 79 a0 0.5 88 79 1800
Station 7 30 06 001 <0.1 1.3 10 3.0 4.1 2300 9 84 0.2 73 66 1700
Station 8 6 1.6 0.04 <0.2 3.2 52 n 14 7000 72 32 40 1770 240 530000
Statfon 9 7 1.8 0.06 <0.2 4.6 66 8.4 a6 5700 92 32 12 2800 320 240000
Station 10 6 3.5 0.04 0.1 2.4 28 3.2 5.7 3600 53 62 il 670 167 250000
L] Escanaba River
Station 1 6 7.3 0.16 <0.1 4.2 38 7.3 9.2 6300 140 62 3.4 570 270 110000
Station 2 15 48 g.15 2.0 35 260 36 1o 37000 530 12 5.0 8700 1210 420000
Station 3 15 n 0.12 3.0 52 350 65 190 51000 680 12 1.2 13400 1900 460000
Station 4 15 $2 0.10 2.0 38 260 64 120 40000 460 12 1.6 8100 1180 350000
i Station 5 23 2.7 0.01 <0.1 3.2 10 5.6 5.7 3200 77 86 9.4 103 145 3700
' Station & 23 7.9 0.03 0.4 9.5 22 8.7 12 9300 310 75 0.3 135 270 4800
‘ Station 7 23 2.3 0.02 <0.1 2.6 1h] 2.6 4. 3300 51 74 0.3 290 30 8900

Table A-9 (continued)
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Table A-9 (continued)

Total
Total Volatile
Location Depth Total Total Total Total Total Total Total Total Total Solids  Solids T.0.C.
Location {m)___Copper_Mercury GCadmium Chromium _Zinc _ Nickel . Lead  Iron_ Manganese _ (7} (27.5.) T.K.N. TP, C.0.0, 9n/kg
15 Cedsr_River

StatTon 1 6 2.4 0.02 0.2 4.3 10 4.7 8.5 2400 n 72 0.4 290 210 7900 2.6
Station 2 15 5.5  0.04 0.9 13 40 24 29 140000 1000 70 2.9 620 1370 17000 4.7
Station 3 15 3.1 0.0 0.7 9.3 79 12 130 95000 4300 83 2.0 290 780 5700 2.5
Station 4 15 5.2 0.00 1.1 13 12 18 18 130000 10000 75 1.6 780 1260 13000 5.5

Station 5 20 11 0.04 2.8 12 e 1o 20 43000 17006 46 i.3 1786 740 27000 9.1
Station 6 30 14 0.03 1.6 21 88 56 13 32000 8000 48 1.3 1480 670 26000 7.6
Station 7 30 13 8.05 1.2 19 95 54 17 27000 8200 52 0.8 V710 780 37000 8.8

16 Menominee River

“Station | 6 6.4 0.0 <0.1 5.0 15 - 9.3 3.1 6900 200 80 0.1 74 89 12000 0.8
Station 2 15 6.9  0.09 0.5 4.6 32 iz 12 6500 250 70 8.4 460 230 43000 9.9
Station 3 1% 4.2 0.06 0.2 4.6 26 ] 8.2 10000 290 78 0.8 250 240 19000 4.0
Station 4 , 15 1.9 0.03 <0.1 3.2 18 6.1 4.6 7700 170 78 0.4 118 127 4200 1.
Station § 30 i} 0.07 3.7 8.7 ne 140 24 20000 47000 47 2.6 1160 720 18000 8.7

Station § 30 1) 0.03 0.5 15 38 26 13 15000 1800 61 1.3 660 500 23000 12
Station 7 30 8.9  0.06 1.9 7.7 I 22 14 16000 18000 55 2.0 1330 850 33000 9.6



Table A-10 Sediment concentrations of pesticides, hexane extractables, and other organics at 16 locations, Lake Michigan, 1976.
Concentrations expressed as ug/kg dry weight excepl where otherwise {ndicated.

~

Location Station Depth  Dfeldrin Chlordane oD DDE o,p DOT o,n 007 HCB HCBD 1242 PCB 1254 (B 1260 PCB 011 -Hex. Ext.
Jhmber . lacstion . Hun

hey {m} 1a/kg. /kg va/ka___yug/ka. ug/kg wafka___ pafkg  pg/ke u9/%g ug/kg pa/ke mg/kg

! Galien River 1 5 <5 <20 <5 <4 <5 <10 <2 <2 <500 <500 <500 40
2 15 < <20 <$ <4 <5 <10 <2 <2 <500 <500 <500 20

k] 15 <5 <20 <5 <4 <5 <10 <2 «2 <500 <500 <500 60

4 15 § <20 <5 <§ <5 <10 <2 <2 <500 <500 <500 60

5 20 & 20 5 <4 <5 <10 2 <2 <500 <500 <500 40

6 20 <5 <20 <5 <q <5 <10 <2 <2 <5n) <500 <500 80

7 20 <5 X <20 <5 <4 <5 <10 <2 <2 <500 <500 <500 8u

2 St. Joseph River 1 6 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 40
- - 15 <5 <20 <10 <4 <10 31/] <2 <2 <500 <500 <500 40

. 3 15 <5 <20 <10 <4 <10 <10 <? <2 <500 <500 <500 <10
§ 15 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 <2

[ 0 <10 <20 <10 <10 <10 <10 <5 <5 <500 <500 <500 440

3 10 <10 <20 <10 <10 <10 <10 <5 <5 <500 <500 <500 3440

- b 30 <16 <20 <10 <10 <10 <10 <5 <5 <500 <500 <500 140
3 8lack River 1 5 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 40
2 15 <$ <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 <10

3 15 <5 <20 <10 <4 <10 <10 <@ <2 <500 <500 <500 <10

4 15 <5 <20 <10 < <10 <10 <2 <? <500 <500 <500 60

g 10 -5 <20 <10 <4 <10 <10 <? <? <500 <500 <500 140

6 30 5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 120

7 30 <5 <20 <iD <4 <10 <10 <2 <2 <500 <500 <500 120

8 48 <5 <20 <10 <4 <19 <10 <$ <5 <590 <500 <500 340

9 45 <5 <20 <10 <4 <10 <10 <5 <5 <500 <500 <500 360

10 4% <5 <20 <10 <A <10 <10 <5 <5 <500 <500 <500 300

[3 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 40

¢ toamro River ) ™ < <20 <0 <10 a0 <2 @ <50 <500 © <500 40
3 15 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 20

4 15 <5 <20 <10 <4 <10 <1y <2 <2 <500 <500 <500 10

5 30 <5 <20 <10 <4 <10 <10 <2 <? <500 <500 <500 40

3 30 <5 <20 <10 <4 <10 <19 <2 <@ <500 <500 <500 260

7 30 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 180

S Lake lacatawa 1 7 <5 <20 <5 <4 <5 5 <2 <2 <500 <209 <200 60
T 2 15 <5 <20 <5 <4 <5 <5 T <@ <2 <500 <200 <200 20

3 15 <5 <20 <5 <4 <5 5.9 <2 <2 <500 <200 <200 8C

4 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 120

5 30 <5 <20 <5 <4 <5 7.1 <2 <2 <500 <200 <200 160

6 30 <5 <20 <5 <4 <5 5.9 <2 <@ <500 <200 <200 220

7 30 <5 <20 <5 <4 <5 5.6 <2 <2 <500 <20n <200 560
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tabie & 1B {oond iuued)

Location Station Depth Dicldrin Chiordane ©  DOD DOE o,p DDT .0,p DOT HCB HCBD 1242 pCB 1254 PCB 1260 PCB 0fl-Hex. Ext.
Number  Location Number (m} __pq/kg ug/bq paska __i9/kg A Y 19/kq 19/kq w9/ kg p9/kg p9/kg mg/kg
6 frand Rivar 1 ? <5 <20 <5 <4 <5 <5 «2 <2 <500 <200 <200 20

2 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 149

3 15 <5 <20 <5 <4 <5 <5 < <? <500 <200 <200 109

4 15 <5 <20 <5 <4 <5 <5 <? <2 <500 <200 <200 80

5 30 <5 -20 <5 <4 <5 <5 <2 <2 <500 <200 <200 100

6 k] ' <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 40

7 30 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 240

7 Muskegon Lake 1 7 <5 <20 <10 <4 <10 <1n <2 <2 <500 <500 <500 10
2 15 <5 <20 <10 <4 <10 <19 <2 <2 <500 <500 <500 10

3 15 <5 <20 <10 <4 <10 <in «2 <2 <500 <500 <500 20

4 15 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 20

-~ 5 30 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 80
6 30 <5 <20 <10 <4 <10 <10 <@ <2 <500 <500 <500 60

7 30 <5 <20 <10 <4 <10 <10 <2 <2 <500 <500 <500 20

8 White Laks 1 7 <§ <20 <5 < <5 <5 <2 <@ <500 <200 <200 60
2 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 140

3 15 <5 <20 <5 <4 <5 <5 <@ <2 <500 <200 <200 100

4 15 <5 <20 <5 <4 <5 <8 <@ <@ <500 <200 <200 100

5 30 <5 <29 <5 <4 <5 <5 <2 <? <500 <00 <200 60

6 30 <5 <20 <5 <4 <5 <5 <? <2 <500 <200 <200 20

7 30 <8 <20 <5 <§ <5 7. <2 <@ <500 <200 <200 100

9 Pera Marquette | 8 <5 <20 <5 <4 <5 <5 < <2 <500 <200 <200 160
River 2 15 <5 <20 <5 <4 <5 <5 <2 < <500 <200 <200 140

3 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 180

4 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 60

5 30 <5 <20 <5 <} <5 <5 <2 <2 <5C0 <200 <200 160

6 30 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 40

7 30 <5 <20 <5 <4 <5 <§ <2 <2 <500 <200 <200 120

10 Manistee River 1 10 <5 <20 <5 <§ <5 <5 <2 <2 <500 <200 <200 40
2 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 40

3 15 <§ <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 60

4 15 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 50

5 30 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 140

6 0 <8 <20 <5 <4 <5 <5 <2 <@ <500 <200 <200 80

7 0 <5 <20 <5 <& <5 <5 <2 <2 <500 <200 <200 80



Yable A-10 (continued)

Location Station Dcpth  Dielurin  Chlordane 00D ODE .  o.p ODT p.p ODT HCB HCBD 1242 PCB 1254 PCB 1260 PCB 011-Hex. Ext.
_Nymber___Location__ Mumber __ (m) _wa/kg___ ve/kg _ wo/kg  po/kg  wg/kg pafkg ___paskg  wa/kg____pa/kg na/kg ug/kq mg/kg
Detsie Lake
11 T 1 8 <5 <20 <5 <4 <5 . <5 <2 <2 <500 <200 <200 40
N 2 15 <5 <20 <5 <4 <5 <5 <2 2 <500 <200 <200 60
3 15 5 <20 <5 <4 <& <5 <2 <2 <500 <200 <200 140
3 15 <5 20 <5 <8 <5 <5 <2 <2 <500 <200 <200 220
5 30 <5 <20 <5 <4 <5 <5 2 <2 <500 <200 <200 260
6 10 <5 <20 <h <4 <5 <5 <2 <2 <500 <200 <200 220
i 7 10 <5 <20 <5 <4 <5 <5 <2 <2 <500 <200 <200 260
: 8 %0 <5 . <20 5 <4 <5 <5 <? 2 <500 <200 <200 180
| 9 40 <5 <20 <5 <4 <5 <5 <2 <@ <500 <200 <200 200
! 10 40 <5 <20 <5 <4 <5 . <b <2 <? <500 <200 <200 160
‘ Naubnwe,
! 12 TAuninwdy ] 8 <10 «20 <10 <10 <10 (314 1 1 <500 500 <500 300
} . ? 15 <10 <20 <10 <10 <10 <10 I i <509 <500 <500 200
i 3 15 <10 <20 <10 <i0 <10 <10 1 1 <500 <500 4500 300
I 1% <10 <20 «10 <10 <10 <10 i 1 <500 <500 <500 500
5 20 <10 <20 <10 <10 <10 <19 1 1 <500 <500 <500 300
" 6 20 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 400
7 20 <10 <20 <W <10 «10 <10 i 1 <500 <500 <500 200
- Yanistigue River s <0 <20 <0 <0 <10 <10 i 1 <500 <500 <500 300
] F3 15 <10 <20 <10 <10 <ig <10 1 1 <500 <500 <500 200
~ 3 15 <10 <20 <i0 <10 <10 <10 I I <500 <500 - <500 300
O 4 15 <10 <20 <10 <10 10 <10 1 1 <500 <500 <500 200
] 5 30 <19 <20 <10 <10 <10 <10 i 1 <500 <500 <500 300
6 30 <10 <20 <10 <10 <19 <15 1 1 <500 <500 <500 200
7 30 <10 <20 <15 <10 <10 <10 1 i <500 <500 <500 100
8 6 <10 <20 <10 <10 <10 <10 1 1 5070 5100 <500 2600
9 7 <10 <20 <10 <10 <10 <10 1 1 2640 660 <500 1800
10 I3 <10 <20 <10 <10 <10 <10 I 1 17,500 7830 <500 700
14 Fscanaba River
1 6 <10 <20 <10 <10 <10 <10 1 1 <500 1610 <500 400
2 15 <10 <20 <10 <10 <10 <10 i 1 -500 <500 <500 300
3 15 <10 <20 <10 <10 <10 <10 1 i <500 <500 <500 400
4 15 <10 <20 <10 <10 <10 <10 i I <500 <500 <500 400
5 30 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 40
6 30 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 40
7 30 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 200
Cedar River
15 1 3 <10 <20 <10 <1n <10 <10 1 1 <500 <500 <500 520
4 15 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 100
3 1% <10 <20 <10 <10 <10 <i0 1 I <500 <500 <500 620
I 15 <10 <20 <10 <10 <10 <ip i 1 <500 <500 < 500 960
. 5 30 <10 <20 <10 <10 <10 <10 i I <500 <500 <500 400
6 10 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 120
7 20 <10 <20 <10 <10 <10 <19 1 1 <500 <500 <500 --
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Tabie A-10 (continued)
Ltocation Station Depth Dieldrin Chlordane oud one o,p bOT p.p DOT HCB HCBO 1242 pCB 1254 P08 12606 PCB Ofl-Hex. Ext
Numbet Location  Kumber {m) uq/kq pa/kg pna/kg . pa/kg ug/kq u/kq 9/kq g9/kg g/kg a/kg a/kg mg/xg
16 inee River |} 6 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 100
2 5 <10 <20 <10 <0 <10 <10 1 1 <500 <500 <500 400
3 15 <10 <20 <10 <10 <10 <10 1 1 <500 <500 <500 106
4 15 <G <2¢ <10 <10 <10 <10 i { <500 <500 <500 20
5 30 <10 <20 <10 <10 <10 <10 I 1 <500 <500 <500 4C
6 30 <10 <20 <V <10 <in <10 1 1 <500 <500 <500 10
7 30 <10 <20 <10 <0 <10 <10 I 1 <500 <500 <500 60

I = interference encountered in testing, no result reported.
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Table A-1N

Nunber of benthic macroinvertebrates collected in Lake Michigan near the Galien River movth,
Results are expressed as number of organisms per square meter,

Location 1,

Station Humber: 1 2 k] 4 5 6 7

Taxa _ 5 15 15 15 20 20 20
Nematoda 9
Mysi{dacea M

Hysts relicta 9% 19
Aaphinada

i'yatella azteca 19 19 1ns 17 19

Pontopureia huyt 1303 7o 2302 4296 4642 4565
Otigocheeta

Rulodrilus plgueti 19

Linnodritus hof fmelstert 19 m b} 19

L. profundfcota 19 n 19 19

Potamnthrix moidsviensis 19 n” 19

P. vegdovshyt 15

Stylodr flus heringlanus 19 44) 921 167

Inmature tubificids w/o hafr setae ns 652 n 192 19 58

Tnmature tubifictids w/hair setae 19 18
Diptera 216 9498 -0 805 959 882

Chironomus 38 s7 19

Honodromesa 19 19 38

Paracladupelna 19

Palypeditum 7

Broctadias 19 19 19

Robackia demed fergd 13

Tanytarsus 19

pupae 57 19
Petecypoda

Pisidium ki 192 8 153

Yphaer fum 38 288 38 153 s 384
Bastropoda

Annicola 9

Valvata sincera b}

Station Tota! R 1648 2823y 2474 5541 5888 6079
Total nunber texa 4 1] n 1 12 9 12



Table A1} (continued) Wumber of benthic macroinvertebrate collected in Lake Michigan mear the St. Joseph River mouth, Locstion 2,
July 14 (Station 1-4) and September 16 (Stations 5-7), 1976. Results are expressed as numbar of orcanises

—ZS_.

per square meter.

Statfon Humber: 2 3 4 3 (] 7

Taxa Bepth (m): 15 15 15 n 30 30
Hysidacea

Mysis relicta 19 ] .
Amph podd ™~

Pontnjoreis hoyi 148 249 134 3168 1381 1956
Oiignchaeta

Limnodritus claparedeianus 38

L. hofimelster) 64 m a1

Petoscolex mltisetosus 19

Patamothrix moldsyiensis ¢ 19

B. vejunyskyi 9 19 57

StyTvria Vacusiels 38

Stylodriius heringlanus 8% 959 574

Taature tudITicids w/o halr setag 556 15 173 19 19 192

fumature tubificids w/halr setee 13 19 11 38 57
Hirudines

Helobde)1a stognalis 288
Diplera

Chironomus V9 19

Honod 1am{sa 19

baracVadopeima 38 L

Falyped{iun L 7
pelecypoda

Sphaeriun 1L
Station Total 2358 [t 4 594 8162 U318 2855
Yota! Nunber Taxa 8 6 4 § 4 4



Tebla A-11 (continued) Kumber of benthic macroinvertebrates collected in Lake Hichigen near the Black River wouth (South Haven), Location 3
‘ July 13, 1976, Resnits are anpressed as numher of organisms per square meter.

Statton tumber: 1 ? 3 4 § [3 7 8 9 10
Taxa Depth_{m): -] 15 1) 18 k'] 11 n 45 45 45
Hysidacea .
Mysiy relicta 19 33 19 k] 18 87 !
Amphipoda
Hyslella azteca 3] 134 19 .
Pontaporeia hoyt 19 1400 178) 1458 9839 8554 4469 069 2013 w,ns
nlll?ochacli? odel .
{mnode i lus claparede tanus 9
L. hoffmelsterl A 192 ns 192 19 19 173 57 . 38
i . gm_(.ung_lgnlq ' 19 19 9 19 19
[+ ] Ophidinals sevpenting 13
' w Piguetfel fa michinanensis 1 19
] Potamothr {x vejdovskyl » 57 30 38 19 k3
Styinrd{lus heringlanys {12] 7 19 86 595 ) 518 786 652
Oncinals wnclinata I
Imuature TubiftcTds w/o halr setae i9 633 3 Ll 153 153 403 96 3 an
Imatoie tubificids w/hatr setee 1] 38 57 38
Hirudinea 115 n 19
Jelobdella stagalls 38
Blicicnla gaometra 19
Diptera .
Chironoumis 13
LryptochiTonomus 153 9% 19
Honod i amesa 19 19 » 19 1
Parac)adupe \ma 19
Folypedt }un 9% 19 s
Procladius 19
flohaeila demed jeret ns 19
Tanytarsus 19
Gastrapoda 19
Amntcola 38 19
BuY iy ]
Valvata sincera 192 n 96
Pelecypada
Huscul hm 19 38 38
Pisidim : 8% 153 18 s7 15
Sphecrium 3 192 479 268 m 9 84
Tota) nuwsber taxa 6 117 w k] 1t ' 9 10 L ? 9

Station tota) 498 1% 2970 o6 W,26 $%27 5810 3892 047 13,233
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Table A-¥1 {continued) Nomber of banthic mecroinvertebrates collected in Lake Hichigan near the Kalsmazoo River mouth, Location 4,

July 19, 1976, Resulits are expressed as mumber of organisas per square meter.

.

Station lNumber: ] 2 3 4 $ 1] 7
Taxs Depth {m): 5 15 15 15 30 30 30
Kematoda kL]
1sopoda
Aselfus 19
Hys ldaces
Hysts relicta 19 38 19
Anphipoda
Garmarus,
liyalédla u__eg! 1] 9 .
Pontriporeia hoyl 19 uan 319 2052 6886 3951 2762
0 {gocharts
Homochaeta pafdina o 19
Linnodrilus hof fmetstert 19 19
“profundicola 30
L spiralls 1]
Flguetie‘r gnl:Mlanensis 19 57
Fn(nmolhlh vajdavskylU 57
t Varia lacustris 83 368
Mdr'llus herT_'lmus 13 77 11 [+4] §75 652
Tu ifox Tuhifex 19
TumaTure tublflcids w/out hatr satse 460 n” 7 57 96
tmmature tubificids w/hatr satae 19 96 9 s?
Hirudinea a8 |}
Diptera
Chironomug 19
Erypochironosus n
Hleterotrissoctadiug 1]
:mrlad_.us 19 1
seudodiamesa pertine
Robickls deme Iieroi 19
Pelecypoda ™
Muscul fum 19
Pistdium™ s 19 38
Sphaerium 19 n 11 57 57
Gastropoda
Lymnaes L}
Vaivata 38 19
Station totel 306 4754 1902 2338 1864 4754 w24
Tots) mumber taxa ? ¥ 8 9 [ 8 S



Table A-11 (continuved)

Number of benthlc macrofnvertebrates collected In Lake Hichigan near the Lake Macatawa outlet, Locstion §,
July 22, 1976. Results are wxpressed as rumber of organisms per square meter,

Station Kumber: [} H4 3 4 5 (] 7
Towe Depth_(w}: 1 15 1% 15 30 k) 30
Mysidacea
Hysis relicta 19 [
Anphipoda
Hyaletla aztecs 38
Pontaparela noyl 19 614 (7] 595 6157 4105 8034
011quchacta
Linnodrilus hoffmeisteri ’ - 38 9
. profundicola 19
. udekemtanys 1}
PlaietTeila michiganensts 19 is 153
Potamoihrix veldovstyl 19
StytodriTus heringianys §7 268 57 92 480 875 556
Tubifex kessleri amer{canus 19
Trmature tubifictds wio hair setse us §7 mn EL ] n
Inmatyre tubificids w/hatr setas 38 57
Hirudines 19
Helobdeila stagnalis 1 8
Diptera
Chironomys %
Cryptochironoms 1
Heterotr fssociadiug 19 k1] i1}
Paractadnpelng 19 38 19 ”
Polypeditun fattax gp. 19 $8
seudodimesa 19 19
Reback s demeiferef 1] 87
Yrichoplera
Holanna L 1
Gas tropoda
Physa B
PeYecypoda . .
Sphaer fum 57 » L]
Station totals 14 nn 937 1226 %2 681 8918
Votal number taxs 4 8 7 10 " 7 8
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Table A-1)  (continued)

Humbor of Lenthic macroinvertebretes collectad {n Lake Michigan near the Grand River mouth, Location 6,
duly 21, 1976. Results ara expressad in number of organisms pev squars weter.

Stetion Number: 3 2 3 4 5 6 7
Yaxa Oepth_{m}: 1 15 15 15 30 I n
Nematoda 633
Isapoda
Asellug ¥
Mysidacea .
Hysts rellcta "
Amphipoda
Ganmarus 77 19 19
tiyalella azteca 19 19 19
Pontoporela hoyi 844 37 595 99 9819 9974 n,37
OHaochaela
Limnodrilus hoffmeisterd 38
Peloscolex ferox 19
Potamothrix veJdovskyt 38
StylodciTus heringTanus 19 §7 38 1 N 148 806
Irnature tob1Ticids w/o heir setas 38 7”7 ] 96 n §7
Immature tubificids w/hair setae i9
Hirudinea i9 19 19
Oiptera
Chironamysy §7
flonodTa 19 n
12 57 mn 57
19 19
9%
pupae k.
Pelecypoda
Pisidium 57 326 38 s7
Sphaer{un f k] 997 364 n
Station Totad 1248 383 748 651 12,198 11,316 13,155
Total Humber Taxs w 3 5 H) 1L 8 9
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fTable A-11  (continued) Kunber of benthic mscroinvertebrates collected in Lake Michigan near the Muskegon Lake outlet, Location 7,
July 21, 1976. Results are expressed &3 mumber of orqanisms per square meter.

Station Number: } 2 3 4 5 6 7
Taza Depth (w): 1 15 15 1% » n k)

Nematuda 15 173 19
Amphipoda [l 2589 kL1 200 5505 6387 6195
Pontoporefa hoy{ .
oﬂ?omu; » " -
Limnodriluy hoffweister)
L. profundicols 19 19
Peloccolex Terox ‘ 1s 8 n
P virTcgatus 12 134
Stylodi iluy hertngianus 19 38 1§ 844 940 901
Tmmature tubiTTcidy w/o Mir setae » 19 57 MW 153 192
Innature tubificids w/hatr setoe 9
Hirudinea 38
Bfpters s
Chironomus n
CryptochTronomus E]
Meterotrisseciadivg 19 11

Parachironomys 38
arac)adopeima ‘ 19 ;]
Fiectrociadfug . v
Robyrkia demefjerei 9%
Tarytaring s?
Colenpters
Dubiraphia 19
Ephoucroptera
Daetls "
Qasiropoda
Valvata 19
Pelecypoda
Pisidium 19 19 . 87
Sphaerium L) 364 9%

Station total (w/*) 536 703 Ry ne 6384 o050 1652
Total maber taxa 9 6 U] L] 10 1 ] n
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Table A-11  (continued) Number of benthic macroinvertebrates collected in Lake Michigan near the White Lake outlet, Location 8,
July 21, 1976. Results are expressed as number of organisms per square meter
Station Humber: 1 2 3 4 5 6 7

laxa - Depth (m): 7 15 15 15 30 30 30
Hirudinea 18
Mysidacea

Mysis relicta
Amphipoda 19 19 19

Pontoporeia hoyi 19 1975 1880 1756 10,434 10,453 9456
Oligochaeta

Limnodrilus angustipenis 38

L. hoffmeisteri 57 57 19 19

L. profundicola 38 19 19 19

Peloscolex superiorensis 19

Piguetiella michiganensis 38

Potamothrix moldaviensis 19

Stylodrilus heringianus 57 115 134 690 806 748

Immature tubificids w/o hair setae 19 575 268 115 96 57 96

Immature tubificids w/hair setae 19
Diptera

Chironomus 173 19

Cladotanytarsus 77

Cryptochironomus 19

Heterotrissocladius 19

Polypedilum fallax gn. 19

Robackia demeijeret 537 19

Tanytarsus 19
Pelecypoda

Pisidium 9

Sphaerium 77 57 134 134
Station total 743 2874 2511 2005 11,334 11,603 10,529
Total number taxa 4 1n 10 3 7 8 9



Table A-1) {continued) Number of benthic macroinvertebrates collected in Lake Michigan near the Pere Marquette River mouth,
Locatfon 9, July 26, 1976. Results are expressed as number of organisms per square meter.

o

Station Number: 1
Taxa . —__Depth {m): 8

Mghipoda ;
ontoporeia hoyi 19
0l gochaets — -
Limnodrilus hoffmeisteri
[‘.'?_rpf'undico a
Stylodr{lus heringianus
Tmmature tubificids w/o hair setae 19
Hirudinea
Helobdella stagnalis
Diptera
Chironomus 33
tYadotanytarsus 19
Polypedilum fallax gp.
Robackia demeijerel 38
Stichtochironomus 19
Yanytarsus
Coleoptera
Ancyronyx varieqata
Gastropoda
Valvata 19
PeTacypoda
Pisidium
Sphaerium

Station totals m

Total number taxa 7

748 1169

19
19

19

19

38
862 1688

825
19

19

863

2206

249

19

19
19

2512

1899

115

19

19

2052

5696

38

19

364

6117



Number of benthic macroinvertebrates collected in Lake Michigan near the Manistee Lake outlet,

Table A-1}  (continued)
Location 10, July 27, 1976. Results are expressed as number of organisms per square meter.

o

Station Number: 1 2
TJaxa Depth (m): 10 15 15 15 30 30 30

f

Nema toda 38 19
Amphipaoda k1Y 230 173 7077 44131 6790
Pontoporeia hoyi
0ligochaeta
Paranais simplex 19 19
PiguetielTa michiganensis 38
Stylodriius heringianus 57 96 1285 326 614
Immature tubificids w/o hair setae 19 19 19 19
Immature tubificids w/hair setae
Diptera
Chironomus 58
CTadotan‘y_'garsus 38 58 115
Lukiefferiella 58 338
Phaenppsectra
Polypedilum
TJtarsus
pupae
Ephemeroptera
Hexagenia 57
Sastropoda
Valvata 38
Pelecypoda
Pisidium 480 230 115
Sphaerium 38 96 134 134

Total number taxa

06-_:

96

19
96

Station total 306 613 345 383 9091 5121 7672
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Table A-11 (continued) Number of benthic macroinvertebrates collected in Lake Michigan near the Betsie Lake outlet,
Location 11, July 27, 1976. Results are expressed as number of organisms per square meter.
Station Number: 1 2 3 4 5 6 7 8 9 10

Taxa Depth (m): 8 15 15 15 30 30 30 4n 10 40
Nematoda 19
Amphipoda

Gammarus 19

Pontoporeia hoyi 38 710 978 614 3529 1003 2858 1976 2819 3587
01{gochaeta

Aulodrilus americanus 38 19

Limnodrilus hoffmeisteri 38 19

L. spiralis 19 19 38

L. udekemianus 115 57

Piguteilia michiganensis 19

Stylodrilus heringianus 786 1151 690 288 997 901

Tmmature tubificids w/o hair setae 153 307 230 19

Immature tubificids w/hair setae
Diptera

Chironomus 19 19

] igg;gnﬁ; tarsus 38 153

Cryptochironomus 19

Heterotrissocladius 19

Paracladopelma 38 19

Polypedilum fallax gp. 19

Robackia demeijerei 19

pupae 77 19
Pelecypoda

Pisidium 38 422 19 268 19 288

Sphaer{um 57 39 19 153 33 9 7 230 38
Gastropoda .

Lymnaea ¢

Vaivatg_ 19 19
Station total 76 1034 1552 1245 4947 2377 3988 234 4065 4833
Total number taxa 3 7 9 10 7 7 7 3 4 5



Table A-11  (continued) Number of benthic macroinvertebrates collected in Lake Michigan near Naubinway, Location 12,

July 16, 1976. Results are expressed as number of orqganisms per square meter.

“:Zﬁ*

Station Number: 1 2 3 4 5 6 7
Taxa Depth (m}: 8 15 15 15 20 29 20
Turbellaria 19
Nematoda 77 19 134 19
Isopoda
Asellus 173 19 19 21 38 77
Amphipoda
Ganmarus 8
Pontoporeia hoyi 192 2666 2839 3702 5907 3165 5581
Hyalel)a azteca 1419 19 19
Qligochaeta
Allonais lardi 77 115 19
Arcteonais lomondi 58 77 38 192 19
Aulodrilus americanus 19
Aulodrilus Timnobius 19
A. piqueti 19
A. pluriseta 19
Cimnodrilus hoffmeisteri 19 38
Nais sp. 19 19
Peloscolex ferox 345 112 211 1438 824 1035
P multisetosus longidentus 19 19
Specaria %osinae 19 19
Styiaria lacustris 21 96 268
Stylodrilus heringianus 19 288 363 173 728 728 314
Uncinais uncinata 38 38 19 19 38 19
Tmmature tubificids w/o hair setae 595 441 a3 537 19 38 19
Inmature tubificids w/hair setae 38 19 19 19 18
Hirudinea
Helobdella stagnalis 499 19
Diptera
%bi_co_ngmsr 19
onstempellina 19
C?yptocﬁironomus_ 19 19 19
Diamesa 19
Heterotrissocladius 58 96 115 19
Monodiamesa 58 19
Paraciadopeima 58 38 19
Paralauterborniella 19 19
PoTypediium 19
P. failax gp. 19 19
ProcTadius 19 326 326 249 115 19
Psectrotanypus 19 19 19
Stictochironomus 19 19
Tanytarsus 2N 19 192 58 38
Tavrellia 19
pupae 58 58 17 58 19 19



-
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Table A-11 (continued)

Station Number: ] 2 3 4 5 6 7
Taxa . Depth (m): 8 15 15 i5 30 _30 30
Gastropoda
Bulimus 19
gha@p_mj_ integrum 153 38 19
sa 19
ﬁﬁt}_ sincera 192 58 38 19
Valvata tricarinata 58 19 19
PeTecypoda
Muscul ium 19 38 18 58 19
Pisidium 230 384 38 480 58 326 115
mer_i_ug\_ 19 345 58 268 153 537 3n7
Trichoptera
Limnophilus 19
Hemiptera
Corixidae 134
Station total 4161 5830 6425 6616 9048 5961 7688
Total number taxa 26 25 24 24 20 19 15
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iable A-1i {continued) Number of benthic macroinvertebrates cotlectad in Lake Michigan near the Manistique River mouth,
Locatfon 13, August 17, 1976. Results are expressed as number of organisms per squave meter.
Station Humber: 1 2 3 4 5 6 7 8 9 10
Taxa Depth (m): 6 15 15 15 30 30 30 6 6 6
o«
Hematoda 19
Amphipoda
Garmarus 115 96 134 77
Pontoporeia hoyi 9 19 134 115 173 384 38
1sopoda
Asallus 19 19
0ligochaeta
Arcteonais lomondi 19
Aulodrilus pluriseta 19
Limnodrilus hoffmeisteri 19 38 96 115 153 77
[ spiralis 19
Nais 96 19 38 19 58 19
N barbata 19
N. communis 19
Peloscolex multisetosus 19
Plguetiella michiganensis 441 19
Rhyacodrilus coccineus 19 19
necaria josinae 8
Stylaria lacustris 19 38
Stylodrilus heringianus 19 230 422 19
Tubifex tubifex 38
Uncinais uncinata 19 19
Tmmature tubificids w/o hair setae 2n 19 38 96 499 633 77
Immature tubificids w/hair setat 58 19 153 288
Hirudinae
Helobdella stagnalis 58 19
Hemiptera
Corixidae 19
Diptera
Chironomus 19 38 19 19 58 269
CTadotanytarsus 58 19 19
Cryptochironomus 19 38 19
Diamesa 19
Heterotrissocladius 345 153 173 173
Microtendipes 19
Honodiamesa 19 19
Paracladopeima 153 19 58 115
Paralauterborniella 38 19
Polypedilum fallax gp. 38 19
Procladius 19 7 38 19
Potthastia longimanus 38
Stictochironomus 58 19
Tanytarsus 153 38 19 230 19 38 58
pupae 153 38 58 58 19 77
Aduits 58 38
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Table A-11  (continued)

Number of benthic macroinvertebrates collected in Lake Michigan near the Escanaba River mouth,

Location 14, August 18, 1976.

Results are expressed as number of organisms per meter.

Station Number: 1 2 3 4 5 6 7
Taxa Depth {m): 6 15 15 15 30 30 30
Turbeilaria 58
Newma toda 19 19 19
I1sopoda
Asellus 230 96 728 249
Amphipoda
Gammarus 882 38 19 38
HyalelTa azteca 19 19
Pontoporefa hoyi 288 326 710 728 173 690
Ephemeroptera
Hexagenta 19
Coleoptera
Dubiraphia 19
0Vigochaeta
Allonais lardi 19 38
Arcteonais lomondi 19
Aulodrilus americanus 38 38 38 19
A. pluriseta 192 288 38 96 345
{imnodriTus hoffmeisteri 19 153 115 58 115
[spiralds 19
Nais simpTex 19
Peloscolex ferox 19 978 268 556
P multisetosus 19 19 77 38 19 19
Rhyacodrilus montanus 96
!]'sy]odrﬂus heringianus 134 172 44) 19
mmature tubificids w/o hair setae 230 a4 556 96 96 58 2n
Imnature tubificids w/hair setae 19 19 96
Polycheata
Manyunkia speciosa 19
Diptera
Ablabesmyia 19 38
Chironomus 173 9% 96
Cryptochironomus 19
Heterotrissocladius 38
Microtendipes 19 19
Phaenaospectra tribelos 38 96
Polypedilum 96
P’r‘g‘i@j us 153 307 307 173
Tanytarsus 19 58 38 96 19 77
pupae 19 19
Station total 1858 1533 1956 1438 2529 2108 2590
Total number taxa 18 12 13 10 17 15 14



Table A-11 (continued)

Station Number: 1 2 3 4 5 6 7 8 q 10
~Y Taxa _ Depth (m): 6 15 15 15 30 39 39 6 6 6
t Pelecypoda
Pisidium 134 77
i
g Station total 2222 477 557 670 805 978 364 1380 1629 269
1
Total number taxa 25 13 9 12 8 8 6 13 10 5
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Table A-11 (continued) Number of benthic macroinvertebrates colliected in Lake Michigan near the Cedar River mouth,
Location 15, August 19, 1976. Results are expressed as number of organisms per meter.

Station Number: "’ 1 2 3 4 5 6 7

Taxa Depth (m): 6 15 5 15 30 30 30
Nematoda 38 19 19 38 19 34
Mysidacae

Mysis relicta 38
Amphipoda

Gammarus 38 58

Pontoporeia hoyi 38 19 5581 3987 4143
011igochaeta

Aulodrilus americanus 249

A. pluriseta 364 38 19 38

limnodrifus claparedianus 38 19

> hoffmelsteri 38 38 96 518 288 403

Nais simplex 19

Peloscolex ferox 77 96 230 19

Potamothrix vejdoyskyi 77

Stylaria Tacustris 19 38

Tubifex tubifex 58

Tomature tubificids w/o hair satae 633 77 58 269 90} 786 921

Immature tubificids w/hair satae 19 19 77 96 249
Diptera

Chironomus 173 19 58

Cryptochironomys 38

Dicrotendipes 19

Eukifrerfella 19 19 19

Heterotrissocladius 19

MonodTamesa 19

Paracladopelma 19 19 19

Phaenopsectra 19 19

Procladius 192 58 15 96 19

Protanypus cfr ramosus 58

Tanytarsus 480 652 58

pupae 19 19
Corixidae 38
Pelecypoda

Pisidium 19 38 19 19 19

Sphaerium 38
Station total 2396 478 1322 729 7229 6388 5868

Total mumber taxa 17 12 13 12 g Q L}



Table A-11  (continued)

Number of benthic macroinvertebrates collected in Lake Michigan near the Menominee River mouth,

Location 16, August 18, 1976. Results are expressed as number of organisms per square meter.

Station Number: 1 2 3 4 5 6 7
Taxa Depth (m): 6 15 15 15 30 30 30
Nematoda 19
Hirudinae o
Helobdella stagnalis 38 38
Isopoda
Asellus 1592 2244 4124
Amphipoda
Gammarus 38 134 230
P‘Y II azteca 38 19
ontogore 767 1937 1880 2819 24,175 10,376
Mysidacae
Mysis relicta 77 38
0l7gochaeta
Aulodrilus pigueti 19
_"1&3 uriseta 172 I 767
Haplotaxis denticulatus 19
Limnodrilus hoffmeisteri 58 19 77 192 77 230
Nais communis 19
W elinguls 19
Peloscolex ferox 652 268 403 19 19
P tenuls 58
Piguetieila michiganensis 38
potamofhrix vejdovskyl 77 19 38
Stylodrilus heringianus 38 19 48 38 173
Tubifex tubifex 77
Limature tubificids w/o hair setae 268 134 249 21 499 96 105%
Immature tubificids w/hair setae 38 96 77 77 192
Diptera
Chironomus 19
C?yntocm—ronomus 19
amesinae 58
bicrotendipes modestus 19
fleterotrissocladius 345 58 77
Paracladopelma 19
Polypedilum 19
Potthastia longimanus 19
Prociadius 58 77 96
Tanytarsus 38 1496 2321 2339 33 38
Thicnemannimyia 19
pupae 38
Pelecypoda
Pisidium 38 19
Sphaerium 77 77 38
Station total 1032 5313 8476 10,299 3702 21,482 12,294
Total number taxa 15 14 14 18 7 6 10
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