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ABSTRACT
THE BENTHIC MACROINVERTEBRATE POPULATIONS
IN A NEW PUMPED STORAGE RESERVOIR AND

THE ADJACENT COASTAL AREAS OF
CENTRAL LAKE MICHIGAN

By
Gregory R. Olson

The purpose of this study was to determine what effects the
construction and operation of the Ludington Pumped Storage Reservoir
Plant would have on the benthic macroinvertebrate populations of the
adjacent coastal areas of Lake Michigan and what type of benthic
macroinvertebrate populations would develop in the reservoir. The Lake
Michigan coastal areas were studied in 1972 before plant operation
and in 1973 during plant operation. The benthic invertebrate coloni-
zation of the reservoir was examined from the initial filling of the
impoundment in October, 1972 through one season operation in 1973.

These benthic populations were sampled by a combination of Ponar
grab and artificial substrate sampling. The artificial substrate
sampling used modified Hester-Dendy multiple plate and rock basket
samplers.

The seven major benthic macroinvertebrate groups sampled from
Lake Michigan were: O0ligochaeta; Ostracoda; Amphipoda; Acari; Chirono-
midae; Gastropoda; and Pelecypoda. Chironomid larvae were the dominant

group in abundance and regularity from the coastal Lake Michigan areas.
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chroinvertebrate groups collected with less abundance and regularity
were: Nematoda; Hirudinea; Mysidacea; Isopoda; Decapoda; Epheheroptera;
and Trichoptera.

Single classification analyses of variance of the major benthic
groups indicated that oligochaete, ostracod, amphipod, water-mite and
pelecypod populations differed significantly between 1972 and 1973 at
certain sampling stations, with four of the six stations registering at
least one group's change. The percentage composition of the benthic
population comparisons using Spearman rank correlation coefficient§‘
indicated that shallower Lake Michigan sampling stations, and the Méy—
June and July-August sampling periods had benthic populations which
were more variable between 1972 and 1973. An index of dispersion also
reflected the great variation between seasons and stations for each
major benthic group.

The Ludington Pumped Storage Reservoir was colonized by benthic
organisms from the adjacent Lake Michigan area and the major taxa sam-
pled were: Oligochaeta; Isopoda; Amphipoda; Acari; Chironomidae; and
Gastropoda. The oligochaetes and chironomids were the first two taxa
collected, and they became the dominant forms in the reservoir for
1973. Benthic groups found with less abundance and regularity were:
Hirudinea; Collembola; Ephemeroptera; Trichoptera; Coleoptera; and
Ceratopogonidae.

Physical and chemical parameters, recorded of the reservoir water,

indicated the reservoir benthic organisms were affected by approximately
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the same water conditions as the adjacent Lake Michigan benthic popu-
lations. The chemical composition of the reservoir sediments was
analyzed throughout 1973 and no significant changes in percentages of
total carbon, hydrogen, and nitrogen on a dry weight basis were
determined.

Detailed identification of the benthic taxa revealed specific
distributions and relationships. A large number of immature oligo-
chaetes at the sampling stations indicated either an unusual survival
of the young or an unusual mortality of the adults. The protective
Jjetties and breakwall area in Lake Michigan has provided microhabitats
which have attracted macroinvertebrates not found at the other sampling

areas. Gammarus fasciatus Say and G. pseudolimnaeus Bousfield amphipods

were found only on the jetties and breakwall in Lake Michigan.

The constructional disturbance and operational effect of the
Ludington Pumped Storage Plant on the Lake Michigan benthic macroin-
vertebrate populations could not be distinguished because this study
was started after plant construction had begun. Following the construc-
tion and first season of operation, this plant has not had major detri-
mental effects on the adjacent Lake Michigan benthic macroinvertebrate

communities.
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INTRODUCTION

The Department of Fisheries and Wildlife of Michigan State
University, through Dr. Peter I. Tack, contracted in 1971 with
Consumers Power Company of Michigan to conduct a six-year environmen-
tal study to assess the impact of its Ludington Pumped Storage Hydro-
electric Plant on the adjacent coastal Lake Michigan areas and to
determine what aquatic populations would colonize the reservoir.
Physical parameter studies of air and water temperatures, and water
transparency and turbidity would be made in Lake Michigan and the

reservoir. Chemical studies of pH, dissolved 0., alkalinity, and

2
dissolved solids would also be made in Lake Michigan and the reservoir.
The aquatic organism population studies would include surveys of
periphyton, phytoplankton, zooplankton, benthic invertebrates and
fish.

Dr. Peter I. Tack, Fisheries and Wildlife Department of Michigan
State University, is the supervisor of this research project and Dr.
Charles R. Liston, also of Michigan State University, is the field
coordinator of these environmental studies. The field data were col-

lected by an average of four graduate research assistants with a boat

captain.
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Purpose of the Study

The benthic macroinvertebrate population study of the Ludington
Pumped Storage Reservoir and the adjacent coastal areas of Lake

Michigan is warranted for several reasons.

Food Source

Benthic macroinvertebrates, sometimes termed fish«food organisms,
are an essential food source in aquatic ecosystems. The benthic
organism population composition and abundance influence and support

other aquatic populations.

Environmental Condition Indicator

The determination of the environmental effects of the construc-
tion and possibly the operation of the reservoir on the adjacent
coastal areas of Lake Michigan can be evaluated most effectively by
the benthic macroinvertebrate populations. Fish and plankton movement
in and out of these areas makes them less reflective of the character-
istic environmental conditions. The benthic organism population changes
in composition and abundance in relation to the environmental conditions
rather than by temporarily leaving the area. Benthic macroinverte-
brates provide a good indicator of the environmental conditions of an
aquatic area by their particular population composition and by the
changes in their relative abundances (Simpson, 1949; Gaufin, 1956;

Wilhm, 1967).
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Lake Michigan Research Opportunity

This study is also warranted because of the relatively meager
knowledge of Great Lakes benthic populations. Most of this benthic
research has been accomplished in the past several decades. An early
investigation made by Stimpson (1870) reported findings from dredge
samples taken in southern Lake Michigan near Chicago in water from 27
to 117 m depth. Eggleton (1936 and 1937) found the deep-water macro-
vertebrates, Pontoporeia sp., Tubificidae, and Sphaeriidae, the most
abundant benthic organisms from samples taken in 1931 and 1932. This
study which used samples from many areas of Lake Michigan was the first
comprehensive investigation of the Lake Michigan benthic macroinverte-
brates. Merna (1960) studied Lake Michigan benthic invertebrates

collected from 1951 to 1955, finding Pontoporeia affinis (Lindstrom)

the dominant organism.

The effect of the St. Joseph River on the benthic macroinverte-
brates in the adjoining area of Lake Michigan was compared with the
benthic community off Little Sable Point south of Ludington (Cook and
Powers, 1964). Powers and Robertson (1965) found that amphipods
dominated the benthic macroinvertebrates in the northern part of Lake
Michigan and oligochaetes dominated in the southern part. Henson and
Herrington (1965) found relationships between the sediment type and
abundance of different species of Sphaeriidae (Mollusca) of Lake
Michigan in the Straits of iMackinac.

Wells (1968a and 1968b) concluded that P. affinis burrows into the
bottom during the daytime and migrates into the water column during

the night. Robertson and Alley (1966) investigated the deep-water



macrobenthos using methods similar to those of Eggleton for compara-
tive purposes. They found more Pontoporeia sp., oligochaetes, and
Sphaeriidae in 1964 than Eggleton had 30 years earlier. The species
diversity of sphaeriids decreases with increasing depth in Lake Michigan
(Robertson, 1967). Hiltunen (1967) corrected the taxonomic identifica-
tion of Lake Michigan oligochaetes which had been incorrectly grouped

as Tubificidae in several previous studies.

Alley (1968) found P. affinis distributed on the bottom in rela-
tion to water depth with maximum concentration at 35 m. The zonation
and distribution of benthic macroinvertebrates in the coastal zone of
southeastern Lake Michigan were investigated by Mozley and Garcia
(1972), who found a clear gradient in total abundance and species compo-
sition. Modlin and Gannon (1973) investigated the ecology and dis-
tribution of water-mites in the St. Lawrence Great Lakes. They found
species of Lebertia and Hygrobates to predominate their samples.

Armstrong (1973), a fellow graduate research assistant on the
Ludington Pumped Storage Plant research project, found chironomids were

the major food item eaten by round whitefish, Proposium cylindraceum

(Pallas), in the adjacent Lake Michigan areas. Snails, leeches, and
crayfish were other food items. Brazo (1973), another fellow graduate
assistant on this project, found amphipods were the major food item of

the yellow perch, Perca flavescens (Mitchill), from 135-235 mm total

length; and fish and crayfish were the major food items in larger

perch.



Reservoir Research Opportunity

This benthic study also provides an opportunity to determine
what benthic macroinvertebrates would colonize the reservoir from
a large inland body of water like Lake Michigan. Most reservoir macro-
invertebrate studies have dealt with colonization in newly constructed
river reservoirs. The Russian research and literature have covered
large river reservoirs with appreciable currents passing the length of
the basin. 0zhegova (1962) studied the pattern of macroinvertebrate
colonization in Kairak-Kumsk Reservoir, a Russian river reservoir,
during the first year of its existence. Sokolova (1963) made a similar
study of Mozhaisk Reservoir, during the first year of its existence.
These two studies exemplify the macroinvertebrate reservoir research
in the literature. Because the emphasis in the Russian literature has
been on large river reservoirs with appreciable currents, direct com-
parison with a pumped storage reservoir is inappropriate.

Fragmentary information on the macroinvertebrate populations in
North American reservoirs is available from studies of established
older reservoirs. Nursall (1952) studied the development of the benthic
fauna in a mountain reservoir in Alberta from May, 1947, shortly after
the initial filling of the impoundment, through June, 1949. Later,
Fillion (1967) studied the macroinvertebrate community of this same
Alberta reservoir from 1960 to 1962 and compared his findings with those
of Nursall's earlier study. Again, these two studies cannot be directly
compared with pumped storage reservoirs which have a different flow

pattern than river reservoirs.



Objective of the Study

The objectives of this study were to determine what effects the
construction and operation of the Ludington Pumped Storage Plant would
have on the adjacent Lake Michigan benthic populations and to determine
the colonization rate of benthic macroinvertebrates in the new reservoir.

The Lake Michigan segment of this study will compare the data
from May to October, 1972 (pre-operational), to data taken during the
first year of plant operation, May to October, 1973. The macroinverte-
brate colonization of the reservoir was studied from the initial filling
of the reservoir in October, 1972, through November, 1973. The reservoir
benthic communities that developed will be compared to the benthic popu-

lations sampled from the adjacent Lake Michigan study areas.

Limitations of the Study

The construction of this plant was started several years before
these environmental studies began in the adjacent coastal Lake Michigan
areas. Thus, the study was conducted in an altered or disturbed area.
Because little baseline data is available on the pre-constructional
environmental conditions of this area, changes in the benthic population
from 1972 to 1973 may have resulted from the construction disturbance
rather than plant operation. The distinction between construction and
operation disturbance of the benthic populations is important. However,
the lack of baseline data on the benthic macroinvertebrates before
construction makes it difficult to assess whether the operation of the

plant is affecting these populations.



Sampling Problems and Schedule

Lake Michigan is very difficult to sample because of recurrent
high wind and wave conditions, and sampling sites were often inaccess-
ible for field work. These wind and wave conditions particularly
affected the macroinvertebrate sampling because relatively calm condi-
tions are necessary to operate the Ponar grab-sampler and to collect
the artificial substrate samplers. The resulting incomplete sampling
schedules make comprehensive statistical evaluations of the benthic
macroinvertebrate populations difficult.

The time table of the Lake Michigan and reservoir sampling of
this study (Figure 1) shows the relationships and durations of the

different sampling methods used in the two seasons.

Description of the Power Plant

The Ludington Pumped Storage Hydroelectric Plant was constructed
jointly by the Consumers Power and Detroit Edison companies of Michigan
for the purpose of assuring their clientele an adequate supply of elec-
trical power at times of maximum energy demand. This plant, the largest
of its kind in existence with the reservoir approximately 4.0 km long
and averaging 1.2 km wide, is located on the shore of Lake Michigan 6.4
km south of Ludington, Michigan (Figure 2). The pumped storage reser-
voir plant functions by pumping water from Lake Michigan up into the
reservoir which has a maximum water level of 106.7 m above the Lake
Michigan water level. The reservoir is filled with water by pump-

turbines, using electricity from existing electrical energy reserves for
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Figure 2. Diagram of the Ludington Pumped Storage Plant showing
: sampling stations (1-6), and offshore protective rock
- .o jetties and breakwall.
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pumping during low energy demand times. Electrical generation occurs
by water flowing back down to Lake Michigan turning turbines during
peak demand periods.

Six Francis-type reversible pump-turbines transfer the water
between Lake Michigan and the reservoir through six large penstocks
which are 8.7 m in diameter, tapering to 7.3 m at the Lake Michigan
end. Two large rock jetties and a breakwall protect the onshore Lake
Michigan plant facilities. The reservoir bottom consists mainly of
compacted clay, except for a scour protection area composed of 0.3 m
diameter limestone rocks in front of the intake structure. The reser-
voir has an asphalt-lined embankment averaging 32.9 m in height, varies
in maximum depth from 32.0 to 34.1 m, has a surface area of 340.8
hectares when full, and has a maximum volume of 102 million cubic
meters of water. Of this total volume, 64 million cu m are usable for
power generation and the surface level may be Towered by 12.2 to 15.2
m in one day. When all six units are generating, a maximum of 1,872,000
kw are produced, enough to meet the needs of a 2.5 million population

non-industrial city for eight hours.
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LAKE MICHIGAN STUDY

Sampling Stations

The Lake Michigan sampling stations are shown in Figure 2, on

page 11, and described in Table 1, on the following page.

Methods and Materials

The benthic macroinvertebrate samples were collected by a Ponar
grab-sampler, modified Hester-Dendy multiple plate samplers, and rock
basket samplers to analyze the different habitats in the coastal areas
of Lake Michigan. Triplicate Ponar grab samples were taken on a
monthly basis at the six Lake Michigan station§ from May through
October in 1972 and 1973. On May 9, 1973, one multiple plate sampler
was placed at each of the six Lake Michigan stations and sampled after
two months. The offshore protective rock jetties and breakwall were
sampled by 16 rock basket samplers placed May 21, 1973, and two were
removed after three months. The other samplers were lost because of
storms. Sampling sites on these offshore structures are shown in
Figure 3.

The multiple plate samplers, a modification of the one described
by Hester and Dendy (1962), were constructed of fourteen 20 cm2 hard-
board plates spaced vertically along a metal rod having a total surface

area of 1.12 m2 (Figure 4). Rock basket samplers were constructed of

13



pue pues aul} Wel

auwos
uo13v207
suoi3e3s

sjuawLp3S wo3 304 y3dad

dwe :ﬂmmtu.h: WV\NI\ O uo ;N.L,.vmm
suorjel bu a /
: N NQQ




14

*93euwixoadde Buraq spuodas ay3 yjLm uorjeuaoduo) burasaurbuj ooseql Aq //# J4eY)
AaAung aye] °S °N wouj padnpoudaa dew uor3ed0| e WOUS PaULWAIISP 948M San|eA apniitbuo| pue apniLiey

S43p|NOQ BWOS pue SHJ04 . £339( yjuou *buo1 M ,0L,22,98
30 P3Q ® Yjlm pues auty u9 jueld jo N uy 9°1| "3 N 406G, 15.EP 9
sJap|nhoq
abuae| yiLm [dAeub LLemyeauq *6uol M ,,6€,£2098
Sulj pue pues 3sJ4eod w et jue|d Jo MNN uxf 8°0 "3BT N 0021 19.EY S
pues auwos LLemyeadq "buol M ,5€,£2,98
yatm 3[ts 03 Aeyd auly w e jueld Jo MSM wy p°g "3 N »0€,E50ED v
SPSq %204 |wos LLemyeauq "6uo7 M ,,02,£2.98
Y3LM |3AB4D 03 pues uplL jueld jo s uy 80 “3®T N 4G90,E9.EP €
saaphoq pue s)204 3bue| £339C yznos jueld *buol M ,05,92,98
BWOS Y3Lm pues auty w g 30 3SS wy 971 3BT N WGP 2G.EY 4
[9Aeab LLemyeauq jue|d  x°Buol M ,,02,/2,98 (ead4e |0J43u0d)
SuoS pue pues 3uty welt 30 S Wy 8¢ * 37 N ,00,LS.EY L
SjuawLpas wo3jog yadaeqg uoL3ed07 suoLjels

suorjels buldwes uebLydLl aye] 40 uoLidLadsag

‘L 9lqel



15

*(s49|dwes 33)seq Y204 = S,X) uebLyoLl ayeq uL |[emyeasq pue s3at33al yoou
3A1393304d 3Yy3 U0 pue “uL0AUBSIY dbeu03§ padund uojburpny ay3z ulL suorjels bui|dweg

‘¢ aanbl 4



16

€ aanbL4

——

N

199[oad 9bB010IS
pedwnd uoibuipn

SNOILVLS ONITdWVS

|IoMYDRIg

—

JONIFSDY




17

*J49dwes 33%seq %204 pue Ja|dwes aje|d a|dL3nw Apusg-493SaH PaLILPOY

et K Sutbmcan.

*p [4nbr 4



18

p @unbr4




19

wire mesh shaped into cylinders supported by an iron rod frame, and
were filled with concrete cylinders of two sizes: 9 cm tall, 7 cm
diameter; 6 cm tall, 4 cm diameter (Figure 4). The basket samplers
were 68 cm in height, weighed approximately 22.5 kg, and had a total
substrate surface area of 0.76 mz.

The macroinvertebrates were separated from the sediments and sam-
plers by being washed in a tub and poured through a U. S. Standard No. 30
sieve. Organisms were separated into major groups, counted, preserved in
95 percent alcohol, identified and then expressed in number of individu-
a]s/m2 using appropriate conversion factors: 18.9 for Ponar grab-sampler;
0.89 for multiple plate samplers; 1.32 for rock basket samplers.

Identifications were made using several taxonomic keys: oligo-
chaetes (Hiltunen, 1973); ostracods, isopods, mysids, water-mites,
gastropods and pelecypods (Pennak, 1953); amphipods (Pennak, 1953 and
Bousfield, 1958); ephemeropteran nymphs and trichopteram larvae (Pennak,
1953; Day, 1971; Denning, 1971); chironomid larvae (Roback, 1957 and
Mason, 1973). These benthic organism groups, except oligochaetes and
chironomid larvae, were individually identified. The raw data from the
Lake Michigan Ponar grab and artificial substrate sampling are
appended.

The oligochaetes were subsampled when more than 30 individuals
were present in one sample; the majority of the samples had less than
30 individuals/sample. A random subsample of one-half of each larger
sample was identified, and the results were applied to the entire
sample proportionately. The oligochaete specimens were processed,

mounted and identified according to Hiltunen (1973).
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Identification of the chironomid larvae involved grouping the
specimens according to size, color and macroscopic morphological
features. Representatives of each of the groupings were mounted and
identified with the number of individuals in each group recorded on
the slide. Al11 the members of each grouping were given the same
identification as the representative slide; more than one representa«
tive slide was made of a grouping to check the homogeneity of the

grouping.

Precision of Figure Values

The organism group percentages on the figures have a 0.01 level
of precision because of the conversion factors used for organisms/mz.
Incidental macroinvertebrates in the composition of the population
would be eliminated in the figures if the percentages were rounded to
the 0.1 level and these incidental organisms should be represented to

accurately reflect the entire population composition.
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Lake Michigan Physical and Chemical Studies

Water Temperature Results

Surface and bottom temperature readings made during 1972 and
1973 are shown in Figures 5, 6 and 7. Because temperatures at similar
depth stations varied only slightly on all the 1972 sampling dates,
data from stations one, three, and five (12-14 m depth) and from sta-
tions two and six (6-8 m depth) were combined and average values were
calculated (Figure 5). Station four (24 m depth) water temperatures
were plotted separately (Figure 5).

The 1973 Lake Michigan surface and bottom temperatures were
plotted for each station (Figures 6 and 7).

Temperatures were homothermous and lowest April 3, 1972 (2.0-2.5
C) and April 13, 1973 (3.2 C). Water temperatures increased very
irregularly to maximum values August 28, 1972 (20 C) and August 13,
1973 (23 C). The 1973 season had warmer minimum and maximum water
temperatures with the rate of change more rapid. Bottom temperatures
lagged behind surface temperatures especially at station four in both
seasons. Temperatures at station four showed indications of varying
independently from the other stations; temperatures increased from
May 23 to June 2, 1972 at both surface and bottom depths at all stations
except station four where the surface temperature decreased from 10.8
to 6.9 C (Figure 5).

The erratic water temperature data during the warming period of
both seasons was caused mainly by the upwelling and displacement of

colder, deeper water. The bottom temperatures in the Lake Michigan
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shallow coastal waters (less than 22-27 m) near Saugatuck, Michigan,
were never stable for any length of time (Wells, 1968). Wells con-
cluded that winds were responsible for the erratic water temperatures
with onshore winds increasing the depth of warm water and offshore

winds causing colder water to enter the inshore coastal areas. Church

(1942 and 1945) presents a comprehensive account of temperature

cycles in Lake Michigan.

The 1972 water temperatures from September to the end of the
collecting season in November decreased at a generally constant rate
to approximately 7 C at all stations on November 15, 1972. The 1973
temperatures from this period of the year were erratic with an increase

at all the stations in October.

Water Transparency Results

Secchi disc readings fluctuated at all stations in both seasons
and no trends could be detected. The descriptive statistics of the
secchi disc measurements at all stations for 1972 and 1973 are listed
in Tables 2 and 3 respectively.

Transparency readings at stations two and six (6-8 m), the shallow-
est areas, ranged from 0.9 to 5.3 m in 1972 and 0.7 to 5.2 in 1973.

In 1972 these stations had greater variation in the data than the other
stations. However, there was no significant correlation between the
two sets of data indicating that the variation was independent.
Dredging of the area between the jetties during construction in 1972
caused visible amounts of turbid water to move either north or south
depending on the water currents; this might explain the independent

variation between the two stations.
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At stations one, three, and five (12-14 m depth), secchi disc
measurements ranged from 1.4 to 6.9 m in 1972 and from 0.9 to 5.9 m
in 1972, indicating decreased transparency. Cook and Powers (1964)
reported secchi disc measurements of 2.5 to 5.0 m in Lake Michigan
near Benton Harbor at depths corresponding to stations one, three, and
five.

Station 4 (24 m depth), the deep station, averaged 4.87 m in
1972 and 4.1 in 1973 with 3.1 to 7.8 m and 2.2 to 7.6 m ranges respec-
tively. Station 4, approximately 2.4 km farther out into Lake Michigan
than are any of the other stations, is the clearest water station being
least influenced by shore erosion or the dredging activities although
dredged materials from the plant were dumped near this station.
Secchi disc readings of 4.5 to 7.0 m at a similar depth were measured

in southern Lake Michigan (Cook and Powers, 1964).

Water Turbidity Results

Turbidity measurements were first taken on June 29, 1972 and
were measured in formazin turbidity units. Turbidities ranged from

0.3 to 2.4 in 1972 (Table 4) and from 0.3 to 17.0 in 1973 for surface

waters (Table 5).

Water Chemistry Results

Wind action caused extensive mixing in these coastal areas during
1972 and 1973, and the chemical parameters were within the following
ranges at all stations: pH 7.4-8.8; dissolved 02 8.7-15.0 ppm;
alkalinity 98-136 ppm; dissolved solids 151-202 ppm (Liston and Tack,

1973; Liston, 1974). These measurements were determined by standard
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analytical methods. Because these chemical parameters were similar
among stations and consistent throughout both seasons, they probably

did not affect the benthic macroinvertebrates.

Lake Michigan Ponar Grab Samples

The study of the Lake Michigan coastal areas had 90 samples the
first season and 102 samples the second season. Seven predominant
macroinvertebrate groups were sampled from the Lake Michigan coastal
areas of this study: Oligochaeta; Ostracoda; Amphipoda; Acari;
Chironomidae; Gastropoda; and Pelecypoda. These groups were found regu-
larly in the samples from both seasons.

The macroinvertebrate groups found in less abundance and regu-
larity from the coastal sampling areas were: Nematoda; Hirudinea;
Mysidacea; Isopoda; Decapoda; Ephemeroptera; and Trichoptera.

The Lake Michigan coastal sampling area study will compare the
numerical abundance and taxonomic composition of the macroinverte-

brates of the 1972 season with those of the 1973 season.

Nematoda
Nematodes were found occasionally at the Lake Michigan sampling
stations, but the sampling methods used probably did not efficiently

sample them because of their small size.

Oligochaeta

Limnodrilus sp., Peloscolex sp. and Tubifex sp. were the predomi-

nant oligochaetes found at the Lake Michigan sampling stations. Many

small, immature forms were found in the samples along with eight
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Table 6. Taxa and Relative Abundance of Lake Michigan Benthic Macro-
invertebrates in 1972 and 1973 Ponar Grab Samples (192

Samples)

Relative Abundance: Numerical percentage of total number of benthic

macroinvertebrates in all benthic groups.

R (rare) = 0-25%
C (common) = 26-50%

A (abundant) = 51-75%
VA (very abundant) = 76-100%

Nematoda R
Annelida
Oligochaeta A
Plesiopora
Naididae
Stylaria sp.
Tubificidae
Limnodrilus sp.
Peloscolex sp.
Tubifex sp.
Hirudinea R
Arthropoda
Eucrustacea
Ostracoda R
Podocopa
Cypridae
Candona rawsoni Tressler
C. inopinata Furtos
C. acuti Hoff
C. cf.*acutula Delorme continued
—_—

*W . £ .« .
cf." means "similar to"
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T able 6--continued

Malacostraca
Mysidacea
Mysidae

Mysis oculata relicta (Loven)

Amphipoda
Haustoriidae

Pontoporeia affinis (Lindstrom)

Decapoda
Arachnoidea
Acari
Lebertiidae
Lebertia sp.
Hygrobatidae
Hygrobates sp.
Mideopsidae
Mideopsis sp.
Pionidae
Forelia sp.
Insecta
Ephemeroptera
Heptageniidae
Stenonema sp.
Trichoptera

R
continued
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T able 6--continued

Molannidae
Molanna sp.
Rhyacophilidae
Rhyacophila sp.
Hydropsychidae
Hydropsyche sp.
Diptera
Chironomidae
Chironominae

Chironomus sp.

Cryptochironomus sp.

Parachironomus sp.

Polypedilum sp.

Stictochironomus sp.

Glyptotendipes sp.

Tanypodinae
Procladius sp.

Conchapelopia sp.

Thienemannimyia sp.

Orthocladiinae

Cricotopus sp.
Mollusca

Gastropoda

Pulmonata

R

continued
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Lymnaeidae
Lymnaea sp.

Planorbidae

Gyraulus sp.
Physidae

Physa sp.
Pelecypoda
Heterodonta

Sphaeriidae

Sphaerium sp.

Pisidium sp.
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Stylaria sp. The oligochaete population at station two and six in-
creased significantly (0.005 and 0.001 levels, respectively) in the
1973 season. Station five had the greatest combined seasons total

abundance (Table 7). The oligochaete seasonal distribution for 1972
and 1973 at all the Lake Michigan sampling stations is presented in

Figure 8.

Hirudinea
Leeches were found sporadically in samples from Lake Michigan
which indicated either they were not abundant in these areas, or the

sampling methods were not effectively collecting them.

Ostracoda

Ostracods from the genus Candona were sampled at the Lake
Michigan stations and their population at station six increased sig-
nificantly (0.05 level) in 1973 over 1972. The ostracods were most
abundant at station five in 1972 and at station one in 1973 (Table 8).
The seasonal distribution of the ostracods at all stations in the two
seasons is presented in Figure 9. No ostracods were sampled from

station two.

Mysidacea

At station four, one Mysis oculata relicta (Loven) was collected

in August, 1972 and 18 were sampled in October, 1973.

Amphipoda

Pontoporeia affinis (Lindstrom) was the only amphipod collected

from the coastal Lake Michigan sampling stations (Table 9).
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T he amphipod, P. affinis, population at station five and six increased
s dgnificantly (0.05 and 0.02 levels, respectively) in the 1973 season,
being most abundant at station four (Table 9). The seasonal distribu-

tion of P. affinis in Lake Michigan for both seasons is shown in

Figure 10.

Decapoda

Four crayfish were collected in a trawl sample taken near station

five in August, 1972.

Acari
Hygrobates sp., Lebertia sp. and Mideopsis sp. were the major

water-mites in the Lake Michigan samples with Forelia sp. occasionally

present. Hygrobates longipalpis and Lebertia porosa were the most

abundant and widely distributed species of aquatic Acari collected in
the St. Lawrence Great Lakes comprising 37 percent and 13 percent,
respectively, of the sample totals (Modlin and Gannon, 1973). The
water-mite population (Table 10) had the greatest combined seasons
total abundance at station three. The aquatic Acari population at

s tations two, five and six increased significantly (0.01, 0.005 and
O.001 levels, respectively) in the 1973 season. The 1972 and 1973
water-mite distribution at all Lake Michigan coastal sampling stations

is presented in Figure 11.

JTriichoptera
Molanna sp., Rhyacophila sp. and Hydropsyche sp. trichopteran

Tarvae were collected from Lake Michigan in both seasons with a total

OF only four taken by the Ponar grab-sampler.
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Chironomidae

The dominant chironomid larvae collected from Lake Michigan
were from the tribe Chironomini of the subfamily Chironominae.

Chironomus sp., Cryptochironomus sp., Polypedilum sp., Parachironomus

sp., Glyptotendipes sp., and Stictochironomus sp. were the predominant

genera (Table 11). Procladius sp., Conchapelopia sp. and Thieneman-

nimyia sp., subfamily Tanypodinae, and Cricotopus sp., subfamily
Orthocladiinae, were also collected (Table 11). There were no sig-
nificant differences in the chironomid population at any of the six
stations for the two seasons. The 1972 and 1973 seasonal distribution
in Lake Michigan is presented in Figure 12. A1l of the stations had

approximately the same size chironomid population.

Gastropoda
Gyraulus sp., Physa sp. and Lymnaea sp. were collected at the

Lake Michigan stations with Gyraulus sp. the most abundant. Station
one had the greatest combined seasons total abundance with 633
gastropods (Table 12). No statistical differences were found between
the two seasons at any of the six Lake Michigan sampling stations.

Six Lymnaea sp. were found in a trawl sample near station five in
August, 1972. Seasonal distribution of gastropods for the two seasons
at the six stations is shown in Figure 13. Station one in 1972 had the

largest gastropod population.

Pelecypoda
Sphaerium sp. and Pisidium sp. were the two pelecypods sampled

from Lake Michigén sampling stations. Station one had the greatest
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combined seasons total abundance of 557 pelecypods (Table 13). The
pelecypod population at station one decreased significantly (0.025
level) in the 1973 season. Sphaerium sp. was in greatest abundance
at all the stations. The seasonal distribution of pelecypods in the
1972 and 1973 seasons is presented in Figure 14. Stations one and
four had the greatest populations with rapid and variable changes in
their abundances.

Percentage Composition of Benthic
Macroinvertebrate Populations

The percentage composition of the benthic macroinvertebrate
groups in the population at each station for two-month periods, May-
June, July-August, and September-October, was determined, énd the popu-
lation group percentages of the two seasons were paired. Comparisons
of these pairs of the same two-month sampling period at the same station
were completed statistically and graphically.

Spearman rank correlation coefficients (Siegel, 1956) were calcu-
lated for the paired percentages of the benthic organism groups (Table
14). The re (Spearman rank correlation coefficient) is a measure of the
association between two variables whose individuals or observations are
ranked in two-ordered series. The differences between the two-ordered
series of variables is an indication of the disparity between these two
rankings. If there is an association between the two rankings, in this
case the two-percentage compositions, the disparity is not great enough
to be judged statistically significant. The re equation for ties in the
ranks and the critical re value table in Siegel (1956) were used due to

the many ties in the paired ranks and the low number of ranks (n<10).
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In testing the association for significance using res the null
hypothesis (HO) is that the two-ranked series of percentages are un-
related or not associated in the population; the 1972 and 1973
population percentage composition at each station is not related or
associated. If calculated re < tabulated critical value of re (0.05
significance level), then retain HO; if calculated re > tabulated
critical value of re (0.05 significance level), then reject H0 and
accept H] which states that the two-ranked series of percentages are
related or associated.

Station one benthic macroinvertebrate population comparison for
the May-June sampling period (Figure 15) was not associated; the
appearance and development of organisms in the spring at different
times is probably responsible for this difference. The July-August
(Figure 16) and September-October (Figure 17) sampling periods had re
values greater than the critical value indicating that these two com-
parisons had populations which were associated or related.

The May-June (Figure 15) and July-August (Figure 16) population
composition comparisons at station two were not associated which was
primarily due to the greater diversity of groups in the 1973 season.
September-October comparison (Figure 17) indicated that the two season
population percentages were associated.

Station three May-June (Figure 18) and July-August (Figure 19)
comparisons were not associated or related. This lack of association
between the populations is probably caused by the greater number of
orgam'sms/m2 and the predominance of oligochates in May-June 1972, and
the fewer samples in July-August 1972. The September-October comparison

(Figure 20) had populations which were associated.
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Figure 15.
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Comparison of May-June benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples
from stations one and two.
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Comparison of July-August benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples from
stations one and two.




80

JULY-AUGUST

1.08% .22%

3/m

477
1972

2904

Station |
(3 samples)
(no July samples)

Station 2

4
L
- -]
“€ 2
M O ..
TQW.M (-
Qa0 > 5 b
> o & T 3
- & © e
Ot
® O ¢
@ 0 « <«
“
BRNA -
(Vo]
1]
|
P}
2
@ ('
2 o
-~
= 5 §
32
) oS & &
3 Ne .5 £ g
”n n o
o o ..
a2 g &
h'
8¢ 2 %
3 mnllo
F 4« < &8 o
33 LB B B
a »
ES
WIU
n

Average Total Number of Organisms



81

Figure 17. Comparison of September-October benthic macroinverte-
brate populations of 1972 and 1973 Ponar grab samples
from stations one and two.



82

SEPTEMBER-OCTOBER

Station |

t

1973
2939.0 /m?

===

1972 .
19372 /m2

Station 2

Al

cari

AMBB W -

BRSBTS

1973
957.6/m

& Ostracoda
A

.59% 4.14%
1972 .
532.4 /m?

Annelida: Oligochaeta

D Amphipoda

(6 somples)

Anmnelida: Hirudinea

Diptera: Chironomidae

Trichoptera

t

Gastropoda

Average Total Number of Orgaonisms

Figure 17

m Pelecypoda



At B L

- )
T g

Figure 18.

83

Comparison of May-June benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples
from stations three and four.
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Figure 19,
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Comparison of July-August benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples from
stations three and four.
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Figure 20.
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Comparison of September-October benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples from
stations three and four.
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Station four population comparisons (Figures 18, 19, and 20)
indicated each paired population was associated. There is less varia-
tion in the abundance and distribution of the benthic groups at this
deep water station.

Station five population comparisons (Figures 21, 22, and 23)
were all unrelated indicating the Lake Michigan area immediately
adjacent to the plant is most variable.

The May-June (Figure 21) and September-October (Figure 22) com-
Parisons at station six were not associated due to greater group
diversity and number of or~gam‘sms/m2 in 1973. The July-August (Figure
23) comparison indicated that the two populations were associated.

The Spearman rank correlation coefficient is only an indication
Of whether two populations are “similar or different" due to the dis-
Parity between their paired series of organism groups. It should be
Viewed as an indicator in making conclusions on the relationship be-
tween the populations. The number of ties resulting from the absence
Of groups from pairs and the small number of samples may have adjusted
the ro values, indicating a greater disparity than actually exists.

The important trends in these comparisons are that the shallower
Stations have populations which are more variable, and the May-June

and July-August sampling periods show greater variation.



Figure 21.
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Comparison of May-June benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples
from stations five and six.
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Figure 22. Comparison of September-October benthic macroinverte-
brate populations of 1972 and 1973 Ponar grab samples
from stations five and six.
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Figure 23. Comparison of July-August benthic macroinvertebrate
populations of 1972 and 1973 Ponar grab samples
from stations five and six.
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Dispersion Index of Major Benthic
Macroinvertebrate Groups

The variance to mean ratio is used as a comparative index of
dispersion. Green's coefficient, L§;§Z}—%—L (Green, 1966), which is
independent of variation in sample size, mean, and sum of observations,
was used to calculate the values for the seven major benthic groups at
each of the six stations for both seasons (Table 15). This index is
suitable for comparisons of contagious distribution, and ranges from
zero for random dispersion to one for maximum contagion (Elliott, 1971).

These values from the dispersion index should be considered as
indicators of the variance to mean ratio, rather than a precise measure-

ment because of the small and unequal sample sizes.

Lake Michigan Artificial Substrate Samples

Multiple Plate Samples

The multiple plate samples taken from each Lake Michigan sampling
station after two months collected predominantly chironomids (Table 16},
mainly from the tribe Chironomini of the subfamily Chironominae, and
water-mites. These plate samplers primarily collected benthic macro-
invertebrates which are on the bottom: isopods, amphipods, water-mites,
chironomids and gastropods.

Asellus sp. isopods were sampled in greater abundance on the
multiple plate samplers than in the Ponar grab samples.

Ten ephemeropteran nymphs, Stenonema sp., were sampled on the
multiple plate samplers while none were collected in the Ponar grab

samples.
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Table 16. Taxa and Relative Abundance of Lake Michigan Benthic Macro-
invertebrates in 1972 and 1973 Multiple Plate Samples
(6 Samples)

Relative Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%

C (common) = 26-50% VA (very abundant) = 76-100%
Nematoda R
Annelida R

O0ligochaeta
Plesiopora
Tubificidae

Limnodrilus sp.
Peloscolex sp.
Tubifex sp.
Arthropoda
Eucrustacea
Malacostraca

Isopoda R

Asellidae
Asellus sp.
Amphipoda R

Haustoriidae

Pontoporeia affinis (Lindstrom)

Decapoda R

continued

S ey
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Table 16 --continued

Arachnoidea
Acari
Lebertiidae
Lebertia sp.
Hygrobatidae
Hygrobates sp.

Mideopsidae
Mideopsis sp.
Insecta
Ephemeroptera
Heptageniidae
Stenonema sp.
Trichoptera
Rhyacophilidae

Rhyacophila sp.
Hydropsychidae

Hydropsyche sp.
Diptera
Chironomidae
Chironominae

Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.
Glyptotendipes sp.

continued

L TV
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Table 16--continued

Tanypodinae
Procladius sp.

Conchapelopia sp.

Mollusca
Gastropoda
Pulmonata
Planorbidae
Gyraulus sp.
Physidae

Physa sp.




101

Five trichopteran larvae, Rhyacophila sp. and Hydropsyche sp.,

were collected on these multiple plate samplers in Lake Michigan.
Physa sp. gastropods appeared to be selectively collected by the
multiple plate samplers.
The multiple plate samplers collected benthic organisms which
presented a different composition compared to the Ponar grab samples.
However, weather conditions and vandalism made it difficult to keep

many plate samplers in Lake Michigan for any length of time.

Rock Basket Samples

The rock basket samples from the protective rock jetties and
breakwall area indicated that this area had attracted benthic macro-
invertebrates by providing many new habitats (Table 17). Gammarus

fasciatus and G. pseudolimnaeus amphipods, which dominated these

samples, were found in Lake Michigan only on the rock baskets. These
amphipods move about on the surface of rocks and plants (Bousfield,
1974), and the rock jetties and breakwall provide this habitat.
Trichopteran larvae, Rhyacophila sp. and Hydropsyche sp., were
found abundantly in the rock basket samples. These trichopteran larvae
are net-spinners found usually in a lotic habitat (Denning, 1971).
The great amounts of water passing between the jetties constitute a
lotic environment to which the benthic organisms are responding.
Trichopteran larvae were sampled in greatest abundance in this entire
study on the jetties and breakwall.
Nater:mites, chironomids, gastropods, oligochaetes, leeches, and

isopods were also collected from the rock baskets.
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Table 17. Taxa and Relative Abundance of Lake Michigan Benthic Macro-
invertebrates in 1972 and 1973 Rock Basket Samples
(2 Samples)

Relatiyve Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida
Oligochaeta R
Plesiopora
Tubificidae

Limnodrilus sp.

Tubifex sp.

Hirudinea R
Arthropoda
Eucrustacea
Malacostraca
Isopoda R
Asellidae

Asellus sp.
Amphipoda C
Gammaridae

Gammarus fasciatus Say

G. pseudolimnaeus Bousfield

Arachnoidea
Acari R

continued
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Table 17--continued

Hygrobatidae
Hygrobates sp.
Insecta
Trichoptera
Hydropsychidae
Hydropsyche sp.
Diptera
Chironomidae
Chironominae
Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.
Glyptotendipes sp.

Tanypodinae
Procladius sp.

Conchapelopia sp.

Mollusca
Gastropoda
Pulmonata

Physidae
Physa sp.




DISCUSSION OF LAKE MICHIGAN STUDY

Statistical Analyses of Lake Michigan
Benthic Macroinvertebrates

The Lake Michigan coastal area study compared the 1972 and 1973
benthic macroinvertebrates at each sampling station. A comparison
between the two seasons was difficult because of the great variability
in the benthic macroinvertebrate populations.

Many statistical analyses of benthic macroinvertebrate populations
have been done to determine patterns and changes, ranging from basic
statistical tests to diversity indices and multivariate data analyses.
Wilhm (1967) compared diversity indices and their application to macro-
invertebrates in streams for detecting pollution. Multivariate analysis
was used to identify functional components of the benthos in a Nova
Scotian bay (Hughes, Peer and Mann, 1972).

Statistical testing should determine differences and trends in
data which can be interpreted biologically. Single classification
analysis of variance, approximate t-test, Spearman rank correlation co-
efficients, and a dispersion index were used in the evaluation of the

Lake Michigan benthic macroinvertebrate populations.

104
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Negative Binomial Distribution of Benthic
Macroinvertebrate Population

The spatial distribution of the bottom fauna is very important
in estimating the total population. Benthic macroinvertebrates general-
ly group or clump together on the bottom. Because they are not randomly
distributed, most statistical tests cannot be directly applied to the
data.

The negative binomial distribution has often been considered the

appropriate model for macroinvertebrate populations (Anscombe, 1949;

Bliss and Fisher, 1953; Debauche, 1962; El1liott, 1971). The parameters
of this distribution are the arithmetic mean u and exponent k. The k

statistic is related to the spatial distribution of the benthic macro-
invertebrates with 1/k a measure of the excessive variance or clumping

of the bottom organisms.

"

The calculation of k is: k =

- X

Because k is small in extremely clumped populations and the mean is
usually small due to zero counts, the benthic organism counts must be
transformed to normalize the frequency distribution, eliminate the
dependence of the variance on the mean, and guarantee that components of
the analysis of variance are additive (Elliott, 1971). The appropriate
transformation of the benthic macroinvertebrate counts is determined by

the calculation of the k statistic which is dependent on the original

frequency distribution of the counts.



kb

s b ——
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Transformation of Original Data

The k factor for the combined two seasons was calculated for the
oligochaetes, ostracods, amphipods, water-mites, chironomids, gastropods,
and pelecypods (Table 18). The k values for these seven groups were
all Tess than 1.0 and the variances were all greater than the means.

The log (x + 1) transformation was chosen (Elliott, 1971), and per=

formed on all the individual counts from the seven groups.

Homogeneity of Variances

One assumption of the analysis of variance is that the samples
come from populations which have the same or equal variances. The
variances of the seven major benthic macroinvertebrate group comparisons
for each two-month sampling period at each Lake Michigan station were
tested to determine whether they were significantly different, using

the F-test in Sokal and Rohl1f (1969) and Elliott (1971).

F = variance) (largest variance always in the numerator)

variance, vi =y - 1 df Vo =Ny - 1 df

Single Classification Analysis of Variance

A single classification was performed on the comparisons whose
groups had homogeneous variances. This analysis of variance for two
groups is the same as the t-test of the differences between two means
which is the traditional method of determining a difference (Sokal and
Roh1f, 1969); they feel that there is no advantage to the t-test in

terms of ease of computation or understanding. In the single



107

Table 18. Mean (x), Variance (52), and Excessive Variance or
"Clumping" (k) of Lake Michigan Benthic Macroinvertebrate
Major Taxa from the Combined Six Stations and Two Seasons
(Ponar Grab Samples)

Benthic Macroinverte-
brate Groups 2
(192 Samples)

x|
n
=~

Oligochaeta 663.7 572,747.06 .770
Ostracoda 41.5 17,352.84 .100
Amphipoda 411.3 1,082,718.42 .156
Acari 23.9 1,495.15 .390
Chironomidae 385.0 184,276.85 .806
Gastropoda 82.2 73,240.43 .092
Pelecypoda 114.5 62,443.24 .210
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classification analysis of variance for two groups,the null hypothesis
is that the two samples are taken from the same population or popula-
tions with the same means and variances. Small samples (n < 60)
require the population also to be normally distributed.

When the variances were not equal, the approximate t-test for two
samples whose variances are assumed to be unequal (Sokal and Rohlf,

1969) was performed on the data.

Spearman Rank Correlation Coefficient (r_)

The Spearman rank correlation coefficient is a non-parametric test
which measures the degree of association between two ranked series of
observations. The percentages of the different macroinvertebrate groups
for each station during the two-month period are ranked and paired be-
tween the two seasons. The rs results indicated that 10 of the 18 com-
parisons were not significantly associated. These results should be
interpreted with the understanding that the rs method must have paired
groups or ranks. Because unpaired percentages occurred, these values
would be paired with zeros which produced a number of ties in several
instances. This most probably affected the rs value even when the equa-
tion for ties was being used. The small and unbalanced sample sizes at
stations five and six in September-October, 1973, may have offset the
rs values. The rs determination should be viewed cautiously and used

primari]j to illustrate major trends because the r_ values may indicate

S

a greater disparity than actually exists.
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Index of Dispersion

An index of dispersion was calculated for the seven major macro-
invertebrate groups at each station comparing between season differ-
ences. These 84 values are presented in Table 15 and show the great
variation in the samples. A difficulty with a dispersion index is
determining significant differences between the values and then inter-
preting these differences biologically.

Green's coefficient of the variance to mean ratio (Green, 1966)
was used because it is independent of variation in sample size,
arithmetic mean and sum of observations. Green felt that indices of
dispersion were inaccurate when n < 50 and should not be calculated.
However, these values are good for relative comparisons of the benthic

macroinvertebrates between stations and between seasons.

Lake Michigan Samples

The round whitefish (Armstrong, 1973) and yellow perch (Brazo,
1973) population studies in the adjacent Lake Michigan areas of the
Ludington Pumped Storage Plant indicated benthic macroinvertebrates
were major food items in their diets. However, some of these benthic
organisms were not collected in the Ponar grab samples from the Lake
Michigan stations. This fact initiated an evaluation of the benthic
sampling effectiveness and influenced the implementation of artificial

substrate sampling in 1973.
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Oligochaeta

The oligochaetes found at the coastal Lake Michigan stations were
primarily Limnodrilus sp., Peloscolex sp. and Tubifex sp. with a great
number of immature forms. The oligochaetes were preserved in Bouin's
solution; many of the samples had begun to decompose and some were
stained a dark yellow. This dark yellow stain made it difficult and
many times impossible to see the taxonomic structures even after the
samples were rinsed in lactophenol or alcohol. Hiltunen's (1973) key
was used for their identification. Dr. C. J. Goodnight provided valu-
able assistance in the identification, verification and interpretation
of the oligochaetes in Lake Michigan and reservoir samples.

The stations and seasonal abundances of Lake Michigan oligochaetes
are presented in Table 7. In addition to the three genera of Tubificidae
which dominate the samples, one genus of Naididae, Stylaria sp., was
found in the samples. The presence of numbers of immature forms indi-
cates either an unusual survival of the young or an unusual mortality
of the adults. The number of immature oligochaetes present in the
samples indicates that these sampling areas probably had been disturbed
(Goodnight, 1974).

The U. S. Standard No. 30 sieve used in processing the samples
also probably allowed many of the immature Tubificidae and Naididae to
be lost. Hiltunen (1967) found Lake Michigan oligochaete abundances
significantly higher at depths less than 40 m. A decline in sexual
activity before the fall overturn of Lake Michigan might be the reason

for the decline of adult L. hoffmeisteri and T. tubifex in late

summer and fall (Hiltunen, 1967). Peloscolex multisetosus,
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Limnodrilus hoffmeisteri, I1yodrilus templetoni, Tubifex tubifex, and

Potamothrix spp. would become established and dominate in the inshore
areas (depth less than 40 m) of Lake Michigan if gradual organic enrich-
ment occurred, as has happened in bays and harbors (Hiltunen, 1967).

The presence of Limnodrilus sp., Peloscolex sp. and Tubifex sp. in the
Lake Michigan sampling stations around the Ludington Pumped Storage
Reservoir does not necessarily indicate eutrophication is occurring in

this area.

Ostracoda

Species of Candona were the only ostracods found in the samples,
with C. rawsoni Tressler found at all the stations and C. inopinata
Furtos, tentatively identified by Dr. D. L. McGregor, also at all the
stations. Dr. McGregor also tentatively identified C. acuti Hoff as the
ostracod found primarily at the shallow stations and C. cf. acutula
Delorma as the deep station ostracbd ("cf." means "similar to").

This ostracod genus is non-swimming and usually found in the top
sediment layers (Pennak, 1953). It feeds on benthic algae. Ostracods
have a one year life cycle and most are mature during January to June
(McGregor, 1972). As soon as ostracods reach maturity, they start repro-
ducing after which they die. Due to their relatively small size and the
sampling methods used in this study, ostracods were lost in the collect-

ing and processing of the samples.

Isopoda

Asellus sp. isopods were found primarily on the multiple plate

samplers at the six Lake Michigan sampling stations. Merna (1960)
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reported Lirceus lineatus as the shallow water isopod from Lake Michigan

shoal areas with bottom types ranging from a mixture of sand and clay

to sand, silt and gravel.

Amphipoda

Pontoporeia affinis was the only amphipod species collected in the

coastal Lake Michigan bottom sampling. Table 9 lists the relative

abundance of Pontoporeia affinis among stations and between the two

seasons. The high individual sample Tevel reached by P. affinis was in

June, 1973 with 6255.9 individua]s/mz. Gammarus fasciatus Say and G.

pseudolimnaeus Bousfield were sampled from the protective jetties and

breakwall area by the rock basket samplers.

A significant decrease in the amphipod population at station five
in the 1973 season might indicate an effect of the reservoir operation.
P. affinis is a bottom-dwelling amphipod whose individuals migrate up
and down in the water column primarily at night (Alley, 1968).

P. affinis is an active swimmer, but its locomotion pattern involves
periods of drifting; it could be affected by currents of an area. One
possible explanation for the decrease in the amphipod population at
station five would be that the reservoir currents are generally removing
amphipods from the area. These currents might also be selectively re-
moving only the larger mature P. affinis which are more susceptible
because they are distributed throughout the water column. This could
affect the amphipod reproductive potential of that area and reduce the
population. Water temperature differences between 1972 and 1973 may
have changed the amphipod distribution at the Lake Michigan stations

decreasing their abundance in the Ponar grab samples.
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Acari

Water-mites were sampled from the six Lake Michigan sampling
stations in both seasons with the number of individua'ls/m2 being the
greatest in September. Hygrobates sp. and Lebertia sp. were the two
dominant water-mites in the Lake Michigan sampling areas using the
Ponar grab-sampler with Mideopsis sp. becoming subdominant the second
season at the stations nearest the jetties and breakwall area. Forelia
sp. was collected in several samples (Table 10).

The majority of these Lake Michigan water-mites, Hygrobates sp.
and Lebertia sp., was from the genera which Modlin and Gannon (1973)
found to dominate their samples of the St. Lawrence Great Lakes water-
mites.

Water-mites are parasitic in their larval stage and predaceous as
adults. Modlin (1971) found that hygrobatid larvae parasitize chirono-

mid larvae. Crowell (1960) concluded that larvae of Lebertia porosa

parasitize trichopteran larvae. Most water-mites parasitize dipteran
larvae (Cook, 1974). Adults are predaceous in their food habits and
Paterson (1970) concluded that certain aquatic mites feed on chironomids.
Modlin (1971) observed Hygrobates sp. feeding on Gammarus sp. eggs.

Less than two percent of the alewife alimentary tracts sampled
from Lake Michigan (Modlin and Gannon, 1973) had water-mites present.
The ingested water-mites in the alewife alimentary tracts were not
digested and it is questionable whether any aquatic insects or fish
actively feed on water-mites (Modlin and Gannon, 1973).

Hygrobates longipalpis was reported on homogeneous sand sub-

strates and Lebertia porosa was found from areas of homogeneous silt by
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Modlin and Gannon (1973) with both species present in mixed sand and
silt. They found the greatest numbers of individuals and species in
Lake Michigan were in less than the 20 m depth with H. longipalpis

and L. porosa the most abundant genera in these areas.

Ephemeroptera

Several Stenonema sp. nymphs were taken by the multiple plate

samplers in Lake Michigan.

Trichoptera

Molanna sp. larvae were collected from the Lake Michigan sampling
stations, and Hydropsyche sp. and Rhyacophila sp. were found in the rock

basket samples from the jetty and breakwall.

Chironomidae

The chironomids from the five inshore Lake Michigan stations had
similar seasonal distributions with approximately the same ranges
(Figure 12). Station four had a different chironomid seasonal distribu~

tion with a lower range. Chironomus sp., Cryptochironomus sp.,

Glypototendipes sp., and Procladius sp. dominated the chironomid larvae

(Table 11). Dr. L. L. Curry provided valuable assistance in the identi-
fication, verification and interpretation of the chironomids. The
chironomid forms present in these Lake Michigan areas indicate an essen-
tially oligotrophic environment (Curry, 1974). A large number of benthic
maéroinvertebrate taxa, each with relatively low abundances, are repre-

sentative of an oligotrophic environment.
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Mozley and Garcia (1972) found chironomid larvae, primarily forms

of Chironomus, Cryptochironomus and Procladius, in the coastal zone of

southeastern Lake Michigan. These chironomid forms were also in the
samples from the coastal area of central Lake Michigan near Ludington.
Differences in the minor chironomid forms existed between these two
Lake Michigan studies, but the dominant forms were the same.

Chironomid larvae were the dominant or characteristic organism in
southeastern Lake Michigan coastal waters of less than 20 m (Mozley and
Garcia, 1972). The chironomid larvae near Ludington were also numerical-
ly the dominant benthic organism group in the coastal areas.

As the chironomid larvae from the coastal area of central Lake
Michigan near Ludington occupy several trophic levels, they appear to be
a stable resident population. Tanypodinae larvae, Procladius sp., are
predaceous, feeding on small invertebrates and other chironomid larvae
(Bryce and Hobart, 1972). Chironominae larvae are generally non-
carnivorous and have a wide range of feeding methods. Many forms use
their labial plate for scraping algae or detritus off surfaces. Forms

of Chironomus are detritus feeders and forms of Glyptotendipes are

filter feeders (Bryce and Hobart, 1972). Cryptochironomus sp. are

bottom-dwelling detritivores (Ward, 1974). Orthocladiinae larvae feed
by typically scraping algae off the surfaces of stones and vegetation
(Bryce and Hobart, 1972). The chironomid larvae present in this study
occupy different trophic levels in the ecosystem, making them a firmly
established aquatic population.

Chironomids are an important food source in the aquatic ecosystem,

being hosts and a major food item for water-mites. Chironomid larvae
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are also a major item in the diets of round whitefish (Armstrong, 1973)

and yellow perch (Brazo, 1973) of these Lake Michigan areas.

Gastropoda
Gyraulus sp. and Physa sp. were the major gastropods found in the

Lake Michigan samples. Lenat and Weiss (1973) reported these genera
were primarily periphyton feeders. Lymnaea sp. was collected in a trawl
sample in August, 1972 near station five. Physa sp. reproduces easily
throughout the year with temperature, 1ight, and food changes stimulat-

ing egg depositing (Pennak, 1953).

Pelecypoda
The pelecypod population, Sphaerium sp. and Pisidium sp., was

largest at stations one and four (Figure 14). Station one pelecypod
population decreased significantly in 1973. This decline was probably
due to seasonal variation, because the pelecypod populations at the

sampling stations near the reservoir did not change significantly.




RESERVOIR STUDY

Methods and Materials

The colonization of the reservoir by benthic macroinvertebrates
has been monitored since the initial filling of the impoundment in
October, 1972. Sampling was done along a north-south transect in the
reservoir, with multiple plate samples collected at stations one, two,
three, four, five, and six, and grab samples at stations one, four,
and six (Figure 3). Three multiple plate samplers were placed in the
reservoir immediately following the initial reservoir filling in
October, 1972, and remained in the reservoir over the winter; they were
lifted and analyzed in April, 1973. Eighteen more plate samplers were
then placed in the reservoir with three samplers at each of the six
stations; they were removed and analyzed one sampler per station after
being in the reservoir for two, three, and four months periods. After
processing the multiple plate samplers each sampling time, they were
returned to the reservoir to recolonize with benthic invertebrates, and
again removed and analyzed in two months. Ponar grab sampling in the
reservoir was done on a monthly basis from May through October, 1973,
with triplicate samples taken on the clay bottom at each of the three
stations.

Twelve rock baskets were placed on the scour protection area in

front of the intake structure on April 18, 1973, with four samplers in

117
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three rows perpendicular to the intake structure (Figure 3). One row
of rock baskets was lifted and analyzed on June 22, August 29, and
November 7, during 1973. One row of rock baskets, replaced on June 22,
was lifted and analyzed on November 13, 1973.

The reservoir water was lowered to a depth of approximately 4 m
on September 1, 1973 to inspect and repair the embankment. The asphalt
surfacing of the inside of the reservoir embankment stops approximately
6 m from the bottom and compacted clay comprises the remaining surface.
When the reservoir water was drawn down, core samples were taken as the
water receded on the clay rim near the reservoir bottom (Figure 24).

The macroinvertebrates taken by these four sampling methods were
processed and analyzed the same as the Lake Michigan samples (Methods
and Materials, page 19). Identifications of benthic invertebrates found
only in the reservoir were made using several taxonomic keys: Collembola
(Salmon, 1964); Coleoptera and Diptera (Pennak, 1953). The raw data
from the reservoir Ponar grab and artificial substrate sampling are
appended.

Reservoir sediment chemical tests were run on samples taken by
the Ponar grab-sampler on May 11, July 18, Augﬁst 30, September 1, and
October 10, during 1973. The two three-sample profiles of the compact
of clay portion of the reservoir inside embankment at the north and
south ends were taken during the September 1, 1973 draw-down period.
These 36 sediment samples were homogenized, subsampled, and dried at 40 C
for 24 hours. The sediment subsamples were ground and analyzed for per-

centages of total carbon, hydrogen, and nitrogen on a dry weight basis using

N r——. - por st « B o —
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a Perkin-Elmer 240 Elemental Analyzer by the Water Research Analytical

Laboratory of Michigan State University.

Reservoir Physical and Chemical Studies

Weekly Pumping Rates

The reservoir water exchange rates and pumping schedule (Figure 25)
shows the approximate time when each of the pumping units, Francis type
pump-turbines, was put into operation indicated by the numbers 1-6 in
the figure. Maximum pumping activity occurred when units 1-5 were
operational. The shaded areas of the graph reveal that most of the
pumping occurred between 7:00 P.M. and 7:00 A.M. with only 15 percent of
weekly volume accomplished during the daylight hours (unshaded areas of
graph), which were usually on Sundays (Figure 25). Pumping rates of
200,000 acre-feet or more per week were common from August thrbugh

December, 1973.

Water Temperature Results

Surface and bottom water temperatures are averages from multiple
measurements taken each of the 77 different sampling days (Figure 26).
Reservoir temperatures ranged from 3 C in April to 24 C in September,
1973, reflecting the thermal conditions in the adjacent Léke Michigan

coastal areas.

Water Transparency Results

Secchi disc values from the reservoir and Lake Michigan stations
three and five (Figure 27) are averages of multiple measurements taken

each sampling day. Reservoir transparencies ranged from 0.6 m in April
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to 4.1 in July, 1973. Lake Michigan stations three and five transpar-
encies ranged from 0.6 in April to 5.6 in July, 1973. The reservoir
transparency was consistently lower than the adjacent Lake Michigan

areas.

Water Turbidity Results

Turbidity measurements were made in formazin turbidity units,
ranging from 0.4 to 12.0 (Table 19). In general, the reservoir turbid-
ities were similar to the adjacent Lake Michigan sampling areas

(Figure 28) with the highest reservoir values in April, 1973.

Water Chemistry Results

The chemical parameters were within the following ranges through-
out the reservoir: pH 8.2-8.5; dissolved 02 9-12 ppm; alkalinity 102-122
ppm; dissolved solids 159-190 ppm (Liston, 1974).

The physical and chemical conditions of the reservoir were within
the same ranges as those from the adjacent Lake Michigan areas. The
benthic macroinvertebrates were affected by the same water quality con-

ditions in the reservoir as in the adjacent Lake Michigan areas.

Sediment Chemistry Results

Percentages of total carbon, hydrogen, and nitrogen on a dry
weight basis were determined on reservoir sediments taken by the Ponar
grab-sampler. The rangeés of the percentages of these elements in the
sediments were: carbon 1.12-5.43; hydrogen 0.07-0.31; nitrogen 0.02-
0.13. No significant trends or patterns were detected in the chemical

content of these sediment samples. These analyses are generally
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Table 19. Surface Turbidity Measurement (Formazin Turbidity Units)
Descriptive Statistics from Reservoir Sampling Stations

During 1973

Station
1 4 6
Number of readings 55 46 54
Range 0.5-11.5 0.5-11.0 0.4-11.5
Mean 2.79 3.00 3.20
Variance 2.42 4.02 4.84
Standard deviation 1.56 2.01 2.20
Coefficient of variation 55.8% 67.0% 68.8%
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accurate to 0.05 percent, however, obtaining a homogeneous subsample
was the major difficulty with an average 0.07 difference between dupli-

cate subsample percentages.

Reservoir Ponar Grab Samples

The oligochaetes and chironomids dominated the 42 Ponar grab
samples taken from the reservoir on May 11, June 19, July 18, August

30, and October 10 during 1973 (Table 20).

Qligochaeta

Oligochaetes showed a rapid increase and sustained high level in
the Ponar grab samples in the first season of reservoir operation
(Figure 29). Limnodrilus sp., Peloscolex sp. and Tubifex sp. were the
genera of Tubificidae found in the reservoir (Table 21); these three
genera also were found in the Lake Michigan samples. Many immature
and unidentifiable oligochaetes were present in these samples

(Table 21).

Hirudinea
Two leaches were sampled in June, 1973 from the north end of the

reservoir.

Amphipoda

Amphipods colonized the reservoir and increased throughout the

entire season (Figure 30). Gammarus fasciatus was eight times more

abundant than G. pseudolimnaeus until August, 1973. Pontoporeia affinis

was first sampled from the reservoir in August and increased through

the end of the season (Table 22).
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Table 20, Taxa and Relative Abundance of Reservoir Benthic Macroinverte-
brates in 1973 Ponar Grab Samples (42 Samples)

Relative Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida
Oligochaeta C
Plesiopora
Tubificidae

Limnodrilus sp.
Peloscolex sp.

Tubifex sp.

Hirudinea R
Arthropoda
Eucrustacea
Malacostraca
Amph ipoda R

Haustoriidae

Pontoporeia affinis (Lindstrom)

Gammaridae

Gammarus fasciatus Say

G. pseudolimnaeus Bousfield

Arachnoidea R
Acari

Lebertiidae

Lebertia sp. continued
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Table 20--continued

Hygrobatidae
Hygrobates sp.
Mideopsidae
Mideopsis sp.
Pionidae
Forelia sp.
Unionicolidae
Neumania sp.
Insecta
Ephemeroptera
Heptageniidae
Stenonema sp.
Diptera
Chironomidae
Chironominae
Chironomus sp.

Cryptochironomus sp.

Parachironomus sp.

Polypedilum sp.
Glyptotendipes sp.

Tanypodinae
Procladius sp.

Conchapelopia sp.

Ceratopogonidae
Palpomyia sp.




Figure 29.
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Oligochaeta and Chironomidae seasonal distribution in
the reservoir for 1973 (values are average of the total
nine Ponar grab samples taken each sampling day).
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Table 21. Taxa and Number of Oligochaeta in Reservoir Ponar Grab
Samples for 1973 (Composition for Each Station on Each
Sampling Day is a Three Sample Total)

1973 Season

Stations 5/11 6/19 7/18 8/30 10/10 Total

1
Limnodrilus sp. 0 0 16 26 44 86
Peloscolex sp. 0 0 2 2 18 22
Tubifex sp. 0 0 8 8 26 42
Immature forms 0 0 8 10 48 66
Undeterminable 0 0 18 20 37 75

4
Limnodrilus sp. 0 1 10 56 18 85
Peloscolex sp. 0 0 6 18 2 26
Tubifex sp. 0 0 14 34 14 62
Immature forms 0 1 12 32 10 55
Undeterminable 0 0 13 38 6 57

6
Limnodrilus sp. 0 0 0 3 28 31
Peloscolex sp. 0 0 0 4 10 14
Tubifex sp. 0 0 1 1 36 38
Immature forms 0 1 0 4 22 27
Undeterminable 0 0 0 1 32 33




Figure 30.
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Amphipoda and Acari seasonal distribution in the reservoir
for 1973 (values are average of the total nine Ponar grab
samples taken each sampling day).




139

Amphipoda (9 samples) —
Acari(9 samples) —-——
40
42
[ 4
/
/
/
/
/
€ 20 '/
_ /
> / 1
3 /
E /
3
Z - //
= ,
/
/
10}- /
/
/
/
/
/
/
/
/
/
5r /’
/
/
/
/
/
/
o /
l, -
/
/
/
/
//
: o] o & o |
MAY JUNE ~ JULY AUG. " SEPT OCT
1973

Figure 30

Mean Number




140

L L 9 L | 0 0 0 0 0 0 0 0 sLuLjge °d

L 0 0 0 0 0 0 0 0 1 ) 0 snaeuwt|opnasd ‘p

02 L 0 0 0 0 0 02 L 0 0 0 0 snjeLdsey °p
9

Z 0 Z 0 0 0 0 Stutyje °d

b 0 0 L € 0 0 snaeuwtjopnasd ‘9

0 0 0 0 0¢ 0 0 snjeidses °p
g

b L 2 2 0 0 L 0 0 0 0 0 0 stutyje ‘g

L 0 0 0 0 0 0 L 0 0 0 0 0 snaeuwtopnasd ‘9

6 L 0 0 0 0 0 L 0 0 L2 0 snjedse} *p
¥

L L 0 0 0 0 0 sturgge ‘g4

i 0 0 L ¥ 0 2 snaeuwtjopnasd -9y

€€ 0 0 0 02 2l L snjeldosey ‘9
£

0 0 0 0 0 0 0 siurjje °d

9 0 £ 2 L 0 0 snaeuwljopnasd °y

91 0 Z g b g 0 snjeLdsey °p
2

Z L L L L 0 0 0 0 0 0 0 0 siuijje °d

9 0 0 0 0 0 0 0 0 ¥ 0 2 0 snaeuwyopnasd ‘g

€€ 0 0 Z 0 £ 0 L 0tz 0 ¢ 0 snjeidsej °p
1

91Bld seuod g£L/1L £1/01 OL/OL _12/6 _0E/8 _EL/8 8L/L _9/L _61/9 +/9 LL/S SU0(3e3S

*}|INW  Le310] 931e|d °3e|d AeuOd 33e|d 4euOd 93e|d JRUOd 93B|d JRUOd 93B|d JRUO{

Le30]) "ILNW I "IN "}LNW 31N *1LNY

(Le3ol a|dwes a34y] e sL Aeg buydwes yoez uo uorlels yoej 404 uoryLsoduwo) qeug aeuod)

£/61 404 sa|dweS aje|d a|dLI|NK pue qedy Jeuoqd ALOAUISIY ul epodiydwy 40 Jaquny pue exe|

"¢¢ 91qel



141

Water-mites increased toward the end of the first season (Figure
30) with Lebertia sp., Hygrobates sp., Mideopsis sp., Forelia sp. and
Neumania sp. in the Ponar grab samples. Lebertia sp., Hygrobates sp.
and Mideopsis sp were the predominant forms found in the reservoir

(Table 23).

Ephemeroptera

One ephemeropteran nymph, Stenonema sp., was collected in June

from the south end of the reservoir.

Chironomidae

Chironomids collected in the Ponar grab samples increased through-

out the first season (Figure 29). Chironomus sp. and Cryptochironomus

sp. dominated the samples (Table 24),

Ceratopogonidae

One Palpomyia sp. larva was collected in the first series of
Ponar grab samples on May 11, 1973. This incidental organism had prob-
ably been blown into the reservoir.

Reservoir Multiple Plate Samples
October, 1972 to April, 1973

0ligochaeta and Chironomidae

Oligochates and chironomids were the first two groups taken
after filling of the reservoir on October 23, 1972, by three multiple
plate samplers on April 5, 1973 (Table 25). One Limnodrilus sp. and an

immature oligochaete, along with one Chironomus sp. were collected in
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Table 23. Taxa and Number of Acari in Reservoir Ponar Grab Samples for
1973 (Composition for Each Station on Each Sampling Day is
a Three Sample Total)

1973 Season

Stations 5/11 6/19 7/18 8/30 10/10 Total

1
Hygrobates sp. 0 0 0 1 2 3
Lebertia sp. 0 0 0 0 1 1
Mideopsis sp. 0 0 0 2 0 2
Forelia sp. 0 0 0 0 1 1
Neumania sp. 0 0 0 0 1 1

4
Hygrobates sp. 0 0 0 1 0 1
Lebertia sp. 0 0 0 0 0 0
Mideopsis sp. 0 0 0 0 1 1
Forelia sp. 0 0 0 0 0 0
Neumania sp. 0 0 0 0 0 0

6
Hygrobates sp. 0 0 1 1 1 3
Lebertia sp. 0 0 0 1 2 3
Mideopsis sp. 0 0 0 0 2 2
Forelia sp. 0 0 0 0 1 1
Neumania sp. 0 0 0 0 0 0




Table 24. Taxa and Number of Chironomidae in Reservoir Ponar Grab
Samples for 1973 (Composition for Each Station on Each
Sampling Day is a Three Sample Total)

1973 Season

Stations 5/11 6/19 7/18 8/30 10/10 Total

1
Chironomus sp. 0 2 15 11 31 59
Cryptochironomus sp. 0 1 4 30 53 88
Polypedilum sp. 0 0 2 5 14 21
Parachironomus sp. 0 1 0 2 16 19
Glyptotendipes sp. 0 0 0 7 20 27
Procladius sp. 0 1 6 9 17 33
Conchapelopia sp. 0 0 4 2 14 20

4
Chironomus sp. 1 2 7 58 12 80
Cryptochironomus sp. 2 3 8 95 27 135
Polypedilum sp. 0 1 10 25 0 36
Parachironomus sp. 0 0 0 33 0 33
Glyptotendipes sp. 0 0 6 39 9 54
Procladius sp. 0 1 1 20 2 24
Conchapelopia sp. 0 1 0 8 0 9

6
Chironomus sp. 2 3 6 4 39 54
Cryptochironomus sp. 0 1 5 5 23 34
Polypedilum sp. 0 1 2 1 13 17
Parachironomus sp. 0 0 0 0 9 9
Glyptotendipes sp. 0 1 4 2 15 22
Procladius sp. 0 1 1 1 21 24
Conchapelopia sp. 0 0 1 0 8 9
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Table 25. Taxa and Relative Abundance of Reservoir Benthic Macroinverte-
brates in October, 1972 to April, 1973 Multiple Plate Samples
(3 Samples)

Relative Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida
Oligochaeta ' o
Plesiopora
Tubificidae

Limnodrilus sp.

Arthropoda
Insecta C
Diptera
Chironomidae
Chironominae

Chironomus sp.
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the multiple plate sample from the north end of the reservoir. One
Chironomus sp. was sampled from the multiple plate sampler in the middle
of the reservoir. These four organisms were the only specimens col-
lected from the reservoir for the first months of water impoundment and
reservoir operation.

Reservoir Multiple Plate Samples
April to August, 1973 p

"

Eighteen multiple plate samplers were placed in the reservoir on
April 10, 1973, with three at each of the six reservoir stations. One
sampler was removed from each station on June 4, July 6, and August 13
during 1973. The benthic organisms collected on these samplers
reflect the colonization of the reservoir during two, three and four

month periods (Table 26).

O0ligochaeta

Oligochaetes increased to their highest level in July with sub-
stantially Tower numbers than the Ponar grab samples indicating that
these organisms are primarily in the sediments (Figure 31). The oli-
gochaete population composition in the reservoir was similar to the

Lake Michigan samples with Limnodrilus sp., Peloscolex sp., Tubifex sp.,

and immature forms (Table 27). Many oligochaetes were undeterminable

in these samples due to decomposition and staining.

Hirudinea
Two leeches were collected in the June samples from the south end

of the reservoir,
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Table 26. Taxa and Relative Abundance of Reservoir Benthic Macro-
invertebrates in April to August, 1973 Multiple Plate
Samples (18 Samples)

.

Relative Abundance: Numerical percentage of total number of benthig¢
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida
Oligochaeta C
Plesiopora b
Tubificidae

Limnodrilus sp.

Peloscolex sp.

Tubifex sp.

Hirudinea R
Arthropoda
Eucrustacea
Malacostraca
Isopoda R
Asellidae
Asellus sp.
Amphipoda R
Gammaridae

Gammarus fasciatus Say

G. pseudolimnaeus Bousfield

Arachnoidea C

Acari continued
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Table 26--continued

Lebertiidae
Lebertia sp.
Hygrobatidae

Hygrobates sp.

Mideopsidae
Mideopsis sp.
Pionidae
Forelia sp.
Unionicolidae

Neumania sp.

Insecta
Collembola R
Entomobryidae
Ephemeroptera R
Heptageniidae
Stenonema sp.
Trichoptera R
Rhyacophilidae
Rhyacophila sp.
Hydropsychidae
Hydropsyche sp.
Coleoptera R

Dytiscidae continued

A 7
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Table 26--continued

Diptera
Chironomidae
Chironominae
Chironomus sp.

Cryptochironomus sp.

Parachironomus sp.

Polypedilum sp.

Glyptotendipes sp.

Tanypodinae
Procladius sp.

Conchapelopia sp.

Mollusca
Gastropoda
Pulmonata

Physidae

Physa sp.
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Figure 31. Oligochaeta and Acari seasonal distribution in the reservoir
for 1973 (values are average of the total six multiple plate
samples taken each sampling day).



150
Annelida: Oligochaeta (6 samples) —

Acori (6 samples) ———
oo}
<4100
o]
75
60
450
~
E 40L
-
: 440
E
=
Z
g 430
(.
p-3
20
<20
10
410
5 15
I
APRIL MAY JUNE JULY AUG. Figure 31

1973

Mean Number




151

Table 27. Taxa and Number of Oligochaeta in 1973 Multiple Plate
Samples from Reservoir Sampling Stations

1973 Season
Stations 4/5 6/4 7/6 8/13 9/21 10/17  11/13 Total
1
Limnodrilus sp. 0 0 5 4 32 0 0 41
Peloscolex sp. 0 0 3 2 12 0 0 17
Tubifex sp. 0 0 4 2 34 0 0 40
Immature forms 0 0 15 6 108 1 0 130
Undeterminable 0 0 5 2 44 0 0 51
2
Limnodrilus sp. - 0 14 0 0 1 0 15
Peloscolex sp. - 0 8 0 0 0 0 8
Tubifex sp. - 0 10 0 0 3 0 13
Immature forms - 0 36 0 0 2 0 38
Undeterminable - 0 12 0 0 0 0 12
3
Limnodrilus sp. - 0 2 0 1 1 2 6
Peloscolex sp. - 0 1 0 1 0 1 3
Tubifex sp. - 0 1 0 3 0 1 5
Immature forms - 0 4 2 2 0 2 10
Undeterminable - 0 5 1 1 0 3 10
4
Limnodrilus sp. 0 0 1 0 12 0 1 14
Peloscolex sp. 0 0 2 0 6 0 0 8
Tubifex sp. 0 0 2 0 8 1 0 11
Immature forms 0 0 6 0 18 0 2 26
Undeterminable 0 0 4 0 4 0 1 9
5
Limnodrilus sp. - 0 32 1 10 7 - 50
Peloscolex sp. - 0 26 0 2 3 - 31
Tubifex sp. - 0 34 1 14 8 - 57
Immature forms - 1 104 2 6 5 - 118
Undeterminable - 0 48 1 1 7 - 57
6
Limnodrilus sp. 1 0 22 0 7 6 2 38
Peloscolex sp. 0 0 10 0 6 1 0 17
Tubifex sp. 0 0 18 0 5 5 3 31
Immature forms 1 0 62 0 5 7 2 77
Undeterminable 0 0 31 0 7 17 1 56
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Isopoda

Isopods increased to their highest level in August after four
months colonization of the samplers (Figure 32). Asellus sp. were the
only isopods found in the samples and the rapid increase indicates their

establishment in the reservoir.

Amphipoda

Amphipods showed a rapid increase with the highest level also in

August (Figure 32). Gammarus fasciatus and G. pseudolimnaeus were the

two forms present with G. fasciatus approximately eight times more

abundant (Table 22).

Acari

The water-mites increased to an average number of 34 in August
(Figure 31). Lebertia sp., Hygrobates sp. and Mideopsis sp. were the
major forms with Forelia sp. and Neumania sp. present in less abundance

(Table 28).

Collembola

Twenty-nine Entomobryidae were collected by the multiple plate
samplers. Entomobryidae are terrestrial usually found in dead bark or
decaying wood, and secondarily in the upper soil layers. They probably
blew into the reservoir and were on the water surface when the multiple

plate samplers were pulled out of the water.

Ephemeroptera

Three ephemeropteran nymphs, Stenonema sp., were collected by the

plate samplers from the reservoir.
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Figure 32.
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Chironomidae, Amphipoda and Isopoda seasonal distribution
in the reservoir for 1973 (values are average of the total
six multiple plate samples taken each sampling day).
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Table 28, Taxa and Number of Acari in 1973 Multiple Plate Samples
from Reservoir Sampling Stations

1973 Season
Stations 4/5 6/4 7/6 8/13 9721 10/17 T1/13 Total
1
Hygrobates sp. 0 0 1 9 0 2 1 13
Lebertia sp. 0 0 0 4 0 0 1 5
Mideopsis sp. 0 0 0 7 0 2 0 9
Forelia sp. 0 0 0 2 0 1 1 4
Neumania sp. 0 0 0 0 0 0 1 1
2
Hygrobates sp. 0 0 0 0 3 3 2 8
Lebertia sp. 0 0 0 0 1 2 4 7
Mideopsis sp. 0 0 0 0 2 1 2 5
Forelia sp. 0 0 0 0 1 0 1 2
Neumania sp. 0 0 0 0 0 1 0 1
3
Hygrobates sp. 0 0 0 3 0 4 2 9
Lebertia sp. 0 0 0 11 0 7 3 21
Mideopsis sp. 0 0 0 6 0 3 0 9
Forelia sp. 0 0 0 1 0 1 1 3
Neumania sp. 0 0 0 1 0 0 0 1
4
Hygrobates sp. 0 0 0 31 1 0 5 37
Lebertia sp. 0 0 0 22 0 0 3 25
Mideopsis sp. 0 0 0 17 0 0 8 25
Forelia sp. 0 0 0 6 0 0 0 6
Neumania sp. 0 0 0 1 0 0 0 1
5
Hygrobates sp. 0 0 0 18 0 1 - 19
Lebertia sp. 0 0 0 9 0 0 - 9
Mideopsis sp. 0 0 0 21 1 3 - 25
Forelia sp. 0 0 0 9 0 0 - 9
6
Hygrobates sp. 0 0 0 10 3 6 4 23
[egertia sp. 0 0 0 18 2 8 16 44
Mideopsis sp. 0 0 0 15 1 3 12 31
Forelia sp. 0 0 0 5 2 2 7 16
Neumania sp. 0 0 0 4 1 0 2 7
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Table 29. Taxa and Number of Chironomidae in 1973 Multiple Plate
Samples from Reservoir Sampling Stations

Stations

1973

Season

4/5

6/4

7/6 8/13 9/21

10/17

11/13 Total

1
Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.
Parachironomus sp.
Glyptotendipes sp.
Procladius sp.
Conchapelopia sp.

2
Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.
Parachironomus sp.

Glyptotendipes sp.
Procladius sp.
Conchapelopia sp.

3
Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.
Parachironomus sp.

Glyptotendipes sp.
Procladius sp.
Conchapelopia sp.

4
Chironomus sp.

Cryptochironomus sp.

Parachironomus sp.
Glyptotendipes sp.
Procladius sp.

5
Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.
Parachironomus sp.

Glyptotendipes sp.
Procladius sp.
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Table 29--continued

. - 1973 - Season
Stations 4/5 6/4 7/6 8/13 9/21 10/17 11/13 Total
6 .
Chironomus sp. 1 2 7 1 2 2 0 15
Cryptochironomus sp. O 1 0 7 1 -1 0 10
Polypedilum sp. 0 1 0 0 0 0 0 1
Parachironomus sp. 0 0 1 0 0 0 0 1
Glyptotendipes sp. 0 2 0 0 0 1 0 3
Procladius sp. 0 0 2 2 2 1 0 7
Conchapelopia sp. 0 1 0 0 0 0 0 1
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Trichoptera

Ten trichopteran larvae were collected with Rhyacophila sp.

and Hydropsyche sp. the two genera present in the samples.

Coleoptera

One adult Dytiscidae was taken from the reservoir by the multiple
plate samplers. This aquatic beetle, approximately 40 mm in length,

probably flew into the reservoir from one of the surrounding lakes.

Chironomidae

The chironomid larvae increased to an average number of 17/m2 in
August (Figure 32). These chironomids were dominated by Chironomini

genera, similar to the reservoir Ponar grab samples (Table 29).

Gastropoda

Nine gastropods, Physa sp., were taken from the reservoir in
August after four months colonization of the samplers. The multiple
plate samplers either selectively collected Physa sp., or there were no
other gastropods in the reservoir.

Reservoir Multiple Plate Samples
June to September, 1973

The six multiple plate samplers, placed one at each station in
June, were allowed to colonize for three months and were lifted in

September (Table 30).

Oligochaeta

The oligochaetes dominated the samples with the majority found in

the south end of the reservoir. Many immature and undeterminable forms
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Table 30. Taxa and Relative Abundance of Reservoir Benthic Macro-
invertebrates in June to September, 1973 Multiple Plate
Samples (6 Samples)

Relative Abundance: Numerical percentages of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida
Oligochaeta A
Plesiopora
Tubificidae

Limnodrilus sp.

Peloscolex sp.

Tubifex sp.
Arthropoda
Eucrustacea
Malacostraca
Isopoda R
Asellidae
Asellus sp.
Amphipoda R
Gammaridae
Gammarus fasciatus Say
G. pseudolimnaeus Bousfield
Arachnoidea R
Acari

Lebertiidae continued
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Table 30--continued

Lebertia sp.
Hygrobatidae

Hygrobates sp.

Mideopsidae
Mideopsis sp.
Insecta
Ephemeroptera
Heptageniidae
Stenonema sp.
Trichoptera
Rhyacophilidae

Rhyacophila sp.

Hydropsychidae

Hydropsyche sp.

Diptera
Chironomidae
Chironominae
Chironomus sp.

Cryptochironomus sp.

Parachironomus sp.

Polypedilum sp.

Glyptotendipes sp.

continued
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Table 30~--continued

Mollusca
Gastropoda

Pulmo

Tanypodinae
Procladius sp.

Conchapelopia sp.

nata

Physidae
Physa sp.
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along with Limnodrilus sp., Peloscolex sp. and Tubifex sp. were found

in these samples.

Isopoda

The majority of the isopods, Asellus sp., was collected at the

north end of the reservoir,

Gastropoda
The majority of the gastropods, Physa sp., was sampled at the

north end of the reservoir.

Reservoir Multiple Plate Samples
July to October, 1973

The six multiple plate samplers, placed one at each station in
July, were allowed to colonize for three months and were lifted in

October (Table 31).

0ligochaeta

The oligochates sampled during this period came almost entirely

from the north end of the reservoir with Limnodrilus sp., Peloscolex sp.

and Tubifex sp. along with immature and undeterminable forms present in

these samples.

Isopoda

Asellus sp. were most abundant at the north end of the reservoir.

Gastropoda

Gastropoda, Physa sp., was the most abundant benthic macroinverte-

brate group in these samples.
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Table 31. Taxa and Relative Abundance of Reservoir Benthic Macro-
invertebrates in July to October, 1973 Multiple Plate
Samples (6 Samples)

Relative Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%-.
Annelida
Oligochaeta C
Plesiopora
Tubificidae

Limnodrilus sp.

Peloscolex sp.
Tubifex sp.
Arthropoda
Eucrustacea
Malacostraca

Isopoda C

Asellidae
Asellus sp.

Amphipoda R

Haustoriidae

Pontoporeia affinis (Lindstrom)

Gammaridae

Gammarus fasciatus Say

G. pseudolimnaeus Bousfield

continued
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Table 31--continued

Arachnoidea R
Acari
Lebertiidae
Lebertia sp.
Hygrobatidae
Hygrobates sp.
Mideopsidae
Mideopsis sp.
Pionidae

Forelia ap.

Insecta
Ephemeroptera R
Heptageniidae
Stenonema sp.
Trichoptera R
Rhyacophilidae
Rhyacophila sp.
Diptera R
Chironomidae
Chironominae

Chironomus sp.

Cryptochironomus sp.

continued
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Table 31--continued

Parachironomus sp.

Polypedilum sp.

Glyptotendipes sp.

Tanypodinae
Procladius sp.

Conchapelopia sp.

[Mollusca
Gastropoda
Pulmonata

Physidae
Physa sp.
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Reseryoir Multiple Plate Samples
August to Noyember, 1973

The six multiple plate samplers, placed one at each station in
August, were allowed to colonize for three months and were lifted in
November (Table 32). Only five samplers were available to be lifted

and analyzed.

Isopoda

Asellus sp. were the only isopods collected, being most abundant

at the north end of the reservoir.

Amphipoda

Pontoporeia affinis was the only amphipod in these samples;

Gammarus fasciatus and G. pseudolimnaeus had dominated the multiple

plate samples earlier in the season.

Acari
The water-mites, Lebertia sp., Hygrobates sp., and Mideopsis sp.,
were the most abundant benthic macroinvertebrates in these samples.

They were concentrated at the north end of the reservoir.

Gastropoda

Physa sp. were also concentrated at the reservoir's north end.
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Table 32. Taxa and Relative Abundance of Reservoir Benthic Macro-
invertebrates in August to November, 1973 Multiple Plate
Samples (5 Samples)

Relative Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida é
Oligochaeta R f
Plesiopora [
Tubificidae

Limnodrilus sp.

Peloscolex sp.

Tubifex sp.

Arthropoda
Eucrustacea
Malacostraca
Isopoda R
Asellidae
Asellus sp.
Amphipoda R
Haustoriidae
Pontoporeia affinis (Lindstrom)
Arachnoidea C
Acari

Lebertiidae

Lebertia sp. continued
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Table 32--continued

Hygrobatidae
Hygrobates sp.

Mideopsidae
Mideopsis sp.
Insecta
Ephemeroptera
Heptageniidae
Stenonema sp.
Trichoptera
Rhyacophilidae
Rhyacophila sp.

Hydropsychidae
Hydropsyche sp.

Diptera
Chironomidae
Chironominae

Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.

Glyptotendipes sp.

Tanypodinae

Procladius sp.

continued

e
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Mollusca
Gastropoda
Pulmonata

Physidae
Physa sp.
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Reseryoir Rock Basket Samples
on Scour Protection Area

The rock baskets on the scour protection in the reservoir were
sparsely colonized (Table 33) compared to the rock baskets on the jetty
and breakwall in Lake Michigan. On the scour protection, chironomid
larvae reached an average of 15/m2.

Oligochaetes, gastropods, and water-mites were found occasionally
in the rock basket samples (Figure 33).

Reservoir Benthic Macroinvertebrate
Colonization and Development

The reservoir population composition of three selected months
June, August, and October, indicated the direction the macroinverte-
brate population was developing.

In June, chironomids dominated the population although the average
total number of individuals was relatively low (Figure 34). The oligo-
chaetes were the next most abundant group in the Ponar grab samples and
amphipods the second most abundant on the plate samplers.

The August population composition in the Ponar grab samples was
dominated by oligochaetes and chironomids with the average total number
of individuals reaching approximately ],200/m2 (Figure 34). The multiple
plate samples presented a population which was more diverse in the
number of different invertebrate groups with the water-mites the most
abundant followed by the chironomids, isopods, and amphipods. The total
number of individuals in the multiple plate samples was substantially

less than in the grab samples.
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Table 33. Taxa and Relative Abundance of Reservoir Benthic Macro-
invertebrates in 1973 Rock Basket Samples (15 Samples)

Relative Abundance: Numerical percentage of total number of benthic
macroinvertebrates in all benthic groups.

R (rare) = 0-25% A (abundant) = 51-75%
C (common) = 26-50% VA (very abundant) = 76-100%
Annelida
Oligochaeta R
Plesiopora
Tubificidae

Limnodrilus sp.

Tubifex sp.
Hirudinea R
Arthropoda
Arachnoidea R
Acari
Libertiidae
Lebertia sp.
Hygrobatidae
Hygrobates sp.
Mideopsidae
Mideopsis sp.
Insecta A
Diptera

Chironomidae

continued

—— e e
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Table 33--continued

Chironominae
Chironomus sp.

Cryptochironomus sp.

Polypedilum sp.

Glyptotendipes sp.

Tanypodinae
Procladius sp.

Conchapelopia sp.

Mollusca
Gastropoda
Pulmonata

Physidae
Physa sp.
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Figure 33. O0ligochaeta, Chironomidae and Acari seasonal distribution
in the reservoir for 1973 (values are average of the total
four rock basket samples taken each sampling day).
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The October population composition (Figure 34) in the grab samples
reflected the dominance of oligochaetes and chironomids. The multiple
plate samples again showed greater diversity in macroinvertebrate

groups with Tower average total number of individuals.

Reservoir Core Samples

The objectives of the core sampling were to determine whether
benthic invertebrate had burrowed into the sediments, and whether there
was any concentration of benthic populations in a specific area of the
reservoir.

Core sampling was done along the clay rim (Figure 24) near the
bottom of the reservoir inside embankment surface. A clay island in the
north end of the reservoir was exposed with the lowering of the water,
but time did not permit sampling this area.

The results of the core sampling indicated that the benthic macro-
invertebrates were in the sediments, there were not any new organisms
found on the exposed reservoir bottom, and the greatest numerical abun-
dance of benthic invertebrates sampled was in the south end of the
reservoir. O0ligochaetes, chironomids, water-mites and amphipods were

found in these samples (Table 34).
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Table 34. Taxa and Number of Reservoir Benthic Macroinvertebrates in
Core Samples from September 1, 1973

Sample 1 Sample 2 Sample 3
1 Chironomous sp. 1 Chironomus sp. 1 Cryptochironomus sp.
Sample 4 Sample 5
10 Limnodrilus sp. 1 Limnodrilus sp.
4 Tubifex 58._ 3 Immature QOligochaeta
7 Immature Oligochaeta 3 Chironomus sp.
4 Chironomus sp. 4 Cryptochironomus sp.
2 Cryptochironomus sp. 3 Procladius sp.
3 Procladius sp.
1 Glyptotendipes sp.
1 Gammarus fasciatus Sample 7
1 Lebertia sp. Sample 8
2 Hygrobates sp. Sample 9 » no organisms
1 Mideopsis sp. Sample 10
Sample 11
Sample 6 Sample 12
1 Cryptochironomus sp. 1 Chironomus sp.
1 G. fasciatus
Sample 13 Sample 14
Not sampled 1 Chironomus sp.
1 Procladius sp.
Sample 15
Sample 16 pno organisms Sample 17
Sample 18
: 1 Cryptochironomus sp.
Sample 19 Sample 20

2 Chironomus sp. Chironomus sp.
Cryptochironomus sp.

Procladius sp.

Y




DISCUSSION OF RESERVOIR STUDY

Reservoir Benthic Macroinvertebrate
Colonization

Macroinvertebrates have colonized the Ludington Pumped Storage
Reservoir after one season of operation and it appears that they have
become a resident population. Only four benthic macroinvertebrates
were collected April 5, 1973 on the multiple plate samplers.which had
been placed in the reservoir October 23, 1972 following water impound-
ment. The probable reason for this low number of organisms after six
months was that most of the benthic invertebrates are in the larval
stage by late October with only limited recruitment and colonization
after this time of the year. Therefore, the two oligochaetes and two
chironomids were probably immediately underneath the samplers and
colonized them in the early spring. The first season showed a net in-
crease in the number of benthic macroinvertebrates/m2 with the greatest

abundance in August, 1973.

Oligochaeta and Chironomidae

The dominance of two benthic groups, oligochaetes and chironomids,
in the reservoir is consistent with the findings of the other reservoir
studies of Mundie (1957), Ozhegova (1962), Sokolova (1963), Fillion
(1967), and Paterson and Fernando (1970). The decrease in the chirono-

mid larvae in the bottom sediments toward late summer and fall in the
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reservoir is mainly the result of their emergence as adults. Oliver's
discussion (1971) of the life history and environmental requirements
of chironomids supports this explanation of their decrease in the
reservoir during late summer and fall. Paterson and Fernando (1970)
found the peak chironomid density in July in Laural Creek Reservoir.
Chironomid larvae are the most numerous taxa in Lake Michigan to
a depth of approximately 20 m, especially in summer, and oligochaetes
are numerically subdominant from 8 to 20 m (Mozley and Garcia, 1972).
The same oligochaete and chironomid forms sampled from Lake Michigan
were collected from the reservoir. The major oligochaete found in the

reservoir was Limnodrilus sp. This is consistent with the findings of

Paterson and Fernando (1970) who also found that the chironomid forms
hierarchy changes throughout the season. No hierarchy changes were
found in the chironomid forms present in the Ludington Pumped Storage

Reservoir (Tables 24 and 29).

Isopoda

Asellus sp. isopods were sampled from the reservoir only in the
multiple plate samples. These isopods crawl about on the bottom and
would readily colonize these samplers. Because Asellus sp. are detri-
tivores (Lenat and Weiss, 1973), this may help them in adapting to the
reservoir environment. Organic matter appears to be accumulating on
the reservoir bottom, but the sediment chemical composition has not

significantly changed.
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Amphipoda

Operation of the plant may attract macroinvertebrates from the
surrounding Lake Michigan areas, and could pull them toward the plant
depositing them on the jetties and breakwall. The colonization of the

reservoir by Gammarus fasciatus and G. pseudolimnaeus demonstrates that

the jetties and breakwall in Lake Michigan have attracted macroinverte~
brates. The three amphipod species found in this study show a seasonal

succession in their occurrence in the reservoir. G. pseudolimnaeus, a

cold water form first present in the spring, reproduces once a year and
grows slowly. G. fasciatus, a warmer water form found in largest numbers
in the summer, reproduces all summer giving more than two generations
per year with the young first appearing in the fall (Bousfield, 1974).
G. fasciatus is a very fast growing and breeding amphipod. It was

approximately eight times more abundant than G. pseudolimnaeus in the

reservoir (Table 22), reflecting its growth and reproductive potential
(Bousfield, 1974). These two gammarid amphipods are plant feeders which
move about upon submerged rock and plant surfaces during the summer.

In the winter months, they migrate down to the bottom and burrow into
the sediments.

Pontoporeia affinis, the amphipod which became the dominant form

in the reservoir after September, breed and hatch in the winter living
primarily on the bottom. In the fall when the Lake Michigan waters cool
to below 12 C, the young P. affinis come into shallower waters close to
shore. They can then be drawn up into the reservoir at a time which

corresponds with G. fasciatus and G. pseudolimnaeus burrowing down into

N
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the sediments and becoming inactive. This explains why P. affinis

became the dominant amphipod in the reservoir in the fall.

Acari
The water-mites appear to be a subdominant group in the reservoir
following the oligochaetes and chironomids. Lebertia sp., Hygrobates
sp., and Mideopsis sp. were dominant forms (Tables 23 and 28). The
water-mites increased toward the end of the first season demonstrating
that they are firmly established in the reservoir; they were found
primarily on the plate samplers. The water-mites feed on dipteran larvae

and the reservoir chironomid population supplies this food source.

Gastropoda
Physa sp. was the only gastropod found in the reservoir and they

were collected primarily on the multiple plate samplers. Physa sp. is
able to adapt to many conditions and to survive in a wide range of
habitats; it is a scavenger being omnivorous, and reproduces throughout

the year (Pennak, 1953).

Pelecypoda

The absence of pelecypods from the reservoir indicates either they
were not sampled in the reservoir or they could not survive under the

reservoir conditions.



SUMMARY AND CONCLUSIONS

Lake Michigan

The seven major benthic macroinvertebrate groups sampled from
Lake Michigan were: O0ligochaeta; Ostracoda; Amphipoda; Acari; Chirono-
midae; Gastropoda; and Pelecypoda. Chironomid larvae were the dominant
group in abundance and regularity sampled from the coastal Lake Michigan
areas.

Single classification analyses of variance of the major benthic
groups indicated that oligochaete, ostracod, amphipod, water-mite and
pelecypod populations differed significantly between 1972 and 1973 at
certain sampling stations, with four of the six stations registering
at least one group's change.

Benthic invertebrate populations north of the plant appeared to
be displaced from station five to station six, farther narth, in 1973.
Station five amphipod population decreased and station six oligochaete,
ostracod, amphipod and water-mite populations increased. The water from
the plant was observed to pass out of the jetties toward the north the
majority of the time. No documented current measurements were success-
fully taken to substantiate this observation.

The percentage composition of the benthic population comparisons
using Spearman rank correlation coefficients (Table 14) indicated the

shallower lake Michigan sampling stations, and the May-June and

183
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July-August sampling periods had benthic populations which were more
variable between 1972 and 1973. An index of dispersion also reflected
the great variation between seasons and stations for each major benthic
group (Table 15).

Detailed identification of the benthic taxa indicated specific
distributions and relationships. The large number of immature oligo-
chaetes at the Lake Michigan stations (Table 7) indicated either an
unusual survival of the young or an unusual mortality of the adults.
The protective jetties and breakwall area in Lake Michigan has provided
microhabitats which have attracted macroinvertebrates not found at the

coastal sampling stations. Gammarus fasciatus Say and G. pseudolimnaeus

Bousfield amphipods were found only on the jetties and breakwall. This
area constitutes a lotic environment, which benthic organisms like
amphipods and trichopteran larvae have colonized. The water-mite popu-
lation increase at station five in 1973 may have been influenced by

the gammarid amphipods on the jetties and breakwall. Hygrobatid water-

mites feed on gammarid eggs (Modlin, 1971).

Reservoir

The Ludington Pumped Storage Reservoir has been colonized by
benthic macroinvertebrates from the adjacent Lake Michigan area and the
major taxa sampled were: Oligochaeta; Isopoda; Amphipoda; Acari;
Chironomidae; and Gastropoda. The oligochaetes and chironomids were
the first two taxa collected, and they became the dominant forms in the

reservoir for 1973 (Figures 29, 31, and 32). These benthic organisms
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were collected by Ponar grab and multiple plate sampling. Relatively
few organisms were found in the rock basket samples from the scour
protection area (Figure 33). The great water volume passing over this
area may not have allowed many benthic invertebrates to colonize. No
documented current measurements were successfully taken from the scour
protection area to substantiate this conclusion.

The oligochaete and chironomid populations declined slightly in
late summer. The numerical abundance of a population decreases as the
biomass of the individual organisms increase, with maximum numbers
immediately after reproduction (Tack, 1974). The emergence of the
chironomid larvae as adults in late summer also explains this decrease
(0liver, 1971).

Physical and chemical parameters, recorded of the reservoir
water, indicated the reservoir benthic organisms were affected by
approximately the same water conditions as the adjacent Lake Michigan
benthic populations. The chemical composition of the reservoir sedi-
ments was analyzed throughout 1973 and no significant changes in per-
centage of total carbon, hydrogen and nitrogen on a dry weight basis

were determined. .

Reservoir Impact on Lake Michigan
Benthic Macroinvertebrates

The constructional disturbance and operational effect of the
Ludington Pumped Storage Plant on the Lake Michigan benthic macroinverte-

brate populations could not be distinguished because this study was
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started after the plant construction had begun. Following the construc-
tion and first season of operation, this plant has not had major
detrimental effects on the adjacent Lake Michigan benthic macroinverte-

brate communities.



APPENDIX
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RESERVOIR PONAR GRAB SAMPLES 5/11/73

OLIGOCHAETA AMPHIPODA ACARI CHIRONOMIDAE OTHERS

STATIONS n N/m n N/m2 n N/mé n N/mé n
0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 2 37.8 Cer. 1
4 0 0 0 0 0 0 1 18.9
0 0 0 0 0 0 0 0
0 0 0 0 0 0 1 18.9
6 0 0 0 0 0 0 1 18.9
0 0 0 0 0 0 0 0

T

Cer2 = Ceratopogonidae; n = number of macroinvertebrates in sample;
N/mé = converted number of macroinvertebrates/sq m; Conversion factor
for N/mé = 18.9
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RESERVOIR PONAR GRAB SAMPLES 6/19/73

OLIGOCHAETA  AMPHIPODA ACARI CHIRONOMIDAE OTHERS

STATIONS n N/me n N/m n N/ml n N/mé n
0 0 0 0 0 0 2 37.8
1 0 0 0 0 0 o0 3 56.7 Eph, 1
0 0 0 o0 0 0 0 0
2 37.8 1 189 0 0 5 94.5 Hir. 1
4 0 0 0 0 0 0 5 94,5
1 18.9 0 0 0 0 7 132.3 Hir. 1
6 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

Hir. = Hirudinea; Eph. = Ephemeroptera; n = number of macroinvertebrates
in sample; N/m2 = converted number of macroinvertebrates/sq m; Conver-
sion factor for N/m2 = 18.9
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RESERVOIR PONAR GRAB SAMPLES 7/18/73

OLIGOCHAETA  AMPHIPODA ACARI CHIRONOMIDAE OTHERS

STATIONS h N/mé n N/m n N/mé n N/m2 n
37 699.3 0 0 0 0 20 378.0
1 13 245.7 0 0 0 o0 4 75.6
0 o0 0 o0 0 o0 7 132.3
29 548.1 0 o0 0 0 15 283.5
4 20 378.0 0 0 0 0 16 302.4
4 75.6 0 0 0 o0 1 18.9
11 207.9 0 0 0 0 9 170.1
6 12 226.8 1 18.9 1 18.9 8 151.2
0 0 0 0 0 0 2 37.8

n = number of macroinvertebrates in sample; N/m¢ = converted number of
macroinvertebrates/sq m; Conversion factor for N/m2 = 18.9
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RESERVOIR PONAR GRAB SAMPLES 8/30/73

OLIGOCHAETA  AMPHIPODA ACARI CHIRONOMIDAE OTHERS

STATIONS n N/mé n N/m  n N/ml n N/m n

21 396.9 0 0 3 56.7 32 604.8

1 37 699.3 0 0 0 0 18 340.2

8 151.2 0 0 0 0 64 1209.6

113 2135.7 0 0 0 0 8 151.2

4 72 1360.8 0 0 0 O 3 56.7

93 1757.7 1 18.9 1 18.9 9 170.1

8 151.2 0 0 0 O 35 661.5

6 2 37.8 0 0 0 0 45  850.5

3 56.7 0 0 2 37.8 0 0

n = number of macroinvertebrates in sample; N/m2 = converted number of
macroinvertebrates/sq m; Conversion factor for N/m¢ = 18.9
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RESERVOIR PONAR GRAB SAMPLES 10/10/73

OLIGOCHAETA  AMPHIPODA ACARI CHIRONOMIDAE OTHERS
STATIONS n N/m n N/m2 n N/m2 n N/mé n

88 1663.2 0 0 5 94.5 14 264.6
1 24  453.6 0 0 1 18.9 7 132.3
53 1001.7 1 18.9 0 0 15 283.5

32 604.8 0 0 1 18.9 27 510.3
4 2 37.8 0 0 0 0 0 0
16 302.4 0 0 0 0 12 226.8

50 945.0 1 18.9 6 113.4 23 434.7
6 44  831.6 0 0 0 0 19 359.1
34 642.

(o))
o
o
o
o

18 340.2

n = number of macroinvertebrates in sample; N/m2 = converted number of
macroinvertebrates/sq m; Conversion factor for N/m2 = 18.9
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RESERVOIR ROCK BASKET SAMPLES 6/22/73

OLIGOCHAETA  HIRUDINEA ACARI CHIRONOMIDAE  GASTROPODA

STATIONS n N/m n N/m n N/mé n N/ml n N/m
South Row
1 0 O 0 O 0 O 1 1.3 0 O
(nearest
intake)
2 0 O 0 O 0 O 1 1.3 0 O
3 0 O 0 O 0 O 4 5.3 0 O
4 1 1.3 0 O 0 O 3 4.0 0 O

n = number of macroinvertebrates in sample; N/m2 =_converted number of
macroinvertebrates/sq m; Conversion factor for N/mc = 1.32
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RESERVOIR ROCK BASKET SAMPLES 8/29/73

OLIGOCHAETA  HIRUDINEA  ACARI_  CHIRONOMIDAE  GASTROPODA
STATIONS n N/m n N/m n N/ml n N/ml n N/mé
North Row
1 0 0 0 0 0 0 11. 14.5 0 0
(nearest
intake)
2 0 0 0 0 1 1.3 15 19.8 0 0
3 1 1.3 0 0 0 0 12 15.8 0 0
4 0 0 0 0 0 0 10 13.2 0 0

n = number of macroinvertebrates in sample; N/m2 =_converted number of

macroinvertebrates/sq m; Conversion factor for N/m

=1.32
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RESERVOIR ROCK BASKET SAMPLES 11/7/73

OLIGOCHAETA HIRUDINEA ACARI CHIRONOMIDAE  GASTROPODA

STATIONS n N/m n N/m n N/m n N/m n N/m
Middle
1 0 0 0 0 3 4.0 1 1.3 0 0
(nearest
intake)
2 0 0 1 1.3 0 0 0 0 2 2.6
3 0 0 0 o0 0 0 0 0 0 0
4 0 0 0 0 2 2.6 0 0 0 0

n = number of macroinvertebrates in sample; N/m2 = converted number of
macroinvertebrates/sq m; Conversion factor for N/m2 = 1,32
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RESERVOIR ROCK BASKET SAMPLES 11/13/73

OLIGOCHAETA  HIRUDINEA ~ ACARI, ~ CHIRONOMIDAE ~ GASTROPODA
STATIONS n N/m n N/m n N/m n N/mé n N/m

South
1 0 O 0 0 2 2.64 0 O 0 O
(nearest
intake)
2 0 O 0 O 0 O 0 O 0 O
3 0 O 0 O 0 O 0 O0 0 0

n = number of macroinvertebrates in sample; N/m2 =_converted number of
macroinvertebrates/sq m; Conversion factor for N/m? = 1.32
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