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ABSTRACT

The bottom fauna of Lake Michigan is typically an oligotrophic
population, and is dominated, both numerically and volumetrically,

by the amphipod Pontoporeia affinis, Thirty-one forms of benthic

organisms were identified. The numerically dominant organisms
included Oligochaeta, Gastropoda, Pelecypoda and Diptera larvae
. in addition to P. affinis. Of lesser importance in the fauna were
several species of insect larvaeg the amphipod Gammarus sp. and the

isopod Lirceus lineatus (Say).

A distinct shallow-water fauna was collected in several shallow
vshoal areas. This habitat was evident in the shoal area east of
Beaver Island, where Gammarus sp., isopods, insect larvae and leechcs
were abundant.

There was a distinct decline in the number of species and
abundance of all organisms from a depth. of 25 to LO fathoms,

Several of the typical shallow-water forms were absent from all
samples collected at depths of LO fathoms or more.

P, affinis comprised an aver#ge of 70 percent of the volume
of all samples. This amphipod was dominant rmumerically at all depihs

sampled from 5 to 100 fathoms.
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INTRODUCT ION

. This project constituted a benthological investigation of the
profundal bottom fauna of Lake Michigan. It was conducted in
cooperation with the United States Bureau of Commercial Fisheries as
one phase of their extensive investigation of the Great Lakes.

In recent years the Great Lakes have become of paramount interest
to the aquatic biologist., These lakes have been major contributors
to the commercial fishery of the United States. The present exteﬁsive
interest in the Great Lakes is primarily a result of the invasion of

the sea lampréy (Petromyzon marinus) and its destruction of the lake

trout (Salvelinus namaycush) and certain other commercial species of

fish. It is now evident that the Great Lakes present a dynamic
ecosystem with ever-changing species composition and productivity.

In order to evaluate these transitions it is important that we
understand the factors influencing and accompanying the changes,
Among such factors is the benthic fauna which constitutes a potential
food source for the fish population.

The available literature contains very little information
relative to the behthic fauna of the Great Lakes., Due to the
magnitude of the Great Lakes, and the inefficiency of sampling
methods on large bodies of water, it is not difficult to understand
why this work has not been undertaken sconer, The lack of suitable
craft, trained crews and operating expenses ihhibited early investigators

of the Great Lakes, Eggleton (1935,1936) was one of the few biélogists
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to attempt a study of the benthos of Lake Michigan.
‘ It was not until the U, S, Bureau of Commercial Fisheries put

its boat, the Cisco, into operation ink1951 with a trained crew of
£iologists that extensive benthological samples of Lake Michigan
could be obtained, Dredging Operations were conducted in Lake
Michigan during the summers of 1951, 1952, 1954 and 1955, and it is
from this work that the data for this project have been taken.

The majority of the samples in this survey were collected with
an orange-peel dredge. This dredge is frequeﬁtly used in benthological
sampling, It offers several advantages over both the Ekman and
Petersen drques, especially in deep-water areas. The Ekman dredge
lacks sufficient weight for deep-water sampling, and does not function
properly in sand. The U. S, Bureau of Commercial Fisheries has used .
the orange-peel dredge extensively in the Great Lakes, as it is the
only dredge that operates invhard clay or gravel. This is particularly
true in Lake Superior where the Petersen dredge is often ineffective,

Quantitative bemthological investigations require a sample from
a known area, No previous attempts to determine the sampling area of
the orange-peel dredge in various bottom types are known. Henson (195L)
has made a comparison of the sampling abilities of the orange-peel and
Ekman dredges, He accepts the circular cross-section of 11.5 inches
as representing the sampling area of the orange-peel»dredge. This is

equivalent to 0,72 squareAfoot. The use of this figure presumes a

full sample, and would not be accurate where the penetration was
limited by a hard substratum, Henson concluded that the orange-peel
dredge samples with a lower variance than does the Ekman dredge. Hé

credited this advantage to a more uniform penetration in a mud bottom,



The area sampled by an orange-peel dredge is determined by the depth
of penetration of the blades into the substratum. It varies greatly

(3

with the bottom type.
. An attempt has been mgde to correlate the sampling area of the
dredge with the volume of bottom material collected at various depths
of penetration of the blades, The volume of the sample varied directly
with the area covered by the dredge., It is believed that a plot of
this relationship will serve as a practical method for determining the
sample area from any measured volume of bottom material.

A series of samples was taken in the laboratory from a container
of sand, The depth of sand was adjusted by one inch intervals from
one to six inches inclusive. A measurement was made of the area
sampled and the volume of sand collected in each sample.

The surface area sampled by the dredge was determined by placing
dry beans on the surface of the sand in a one inch square grid pattern.
The beans were alined on the sand by using a plywood board with holes
bored at'every inch to form the grid. The board was then removed and
the beans were pushed down until they were flush with the surface of
the sand, This was helieved to present the most accurate sampling
situation as it prevented them from being pushed to the side when they
otherwise would have been collected in the sample, A grab was then
made with the dredge and the number of beans taken was accepted as the
actual area sampled, The volume of sand collected was then measured
to the nearest 0.25 quart. It is believed that this measurement would
not be impr#ctical under field conditions, The entire sampling

procedure was repeated six times at each succeeding one inch depth

interval (Table 1). The sand was kept wet throughout the experiments.



The use of this method for determining sampling area necessitates
a dredge in good operating condition which will not allow the loss of
bottom material as the sample is brought to the surface.

' The orange-peel dredge covers the maximum obtainable sampling
area at a penetration of five inches, although the volume of material
collected increases at greater depths of penetration. A volume of
bottom material which measures nine quarts or more can therefore be
accepted as }epresenting a sample area of 138 square inches (Table 1).

A plot of the data indicates a parabola for which the formula.
Y=a+b X+ bZX? gives a satisfactory fit where:

a = 51,8294

by = 19.537

b, = =1,1177
In this formula, Y represents the unknown area of the sample, and X
designates the measured volume of sand. The curve calculated from
the data is shown in Figure 1, from which the area sampled can be
determined from any measured volume of bottom material.

The dredge used in this work was a number 3 orange-peel with a
closed diameter of 13 inches and a diameter of 15 inches when opan.
Since this work was performed after the samples were collected for
this investigation, the area represented in the samples could not be
determined. The method is being presented here in,hOpes that it will
be of use in future benthological investigations employing tbe orange-

peel dredge.



Table 1, Area sampled and volume of bottom material collected
at various depths of penetration by a number 3 orange-

peel dredge
Depth Area Volume
of sampled of
penetration (sq.in.) sand
(4inches) (quarts)
1 62 1.00
1 68 0.75
1 63 1,00
1 65 1.00
1 66 - 1.00
1! 67 1,00

138 9.00
137 9.00
135 9.00
139 9.00
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Table 1. (continued)

Depth : Area Volume

of sampled of
penetration (sq.in.) sand
(inches) (quarts)

6 137 11,00

6 138 11.00

6 138 10,00

6 139 11,00

6 137 11,00

6 138 10,50

DEPARTMENT OF FISHERIES & WILDLIFE
MICH!GAN STATE UNIVERSITY
EAST LANSING, MICHIGAN



Figure 1, The relationship between the volume of sand collected,
and the surface area sampled by a number 3 orange-
peel dredge. ‘ ’ :

1



S/

SURFACE AREA (SQUARE INCHES)

140

120

100

o
O

o
o

AN
o

20

A NN S IS NN S |

|

|

[
2 3

4 5 6 7 8 9 10 Il
VOLUME OF SAND (QUARTS)

12

13

14



METHODS

The routine operation of the Cisco consisted of a series
of two-week cruises throughout the entire open waﬁer period of
the year, Roman numerals used as prefixes to station numbers
throughout the text and appendix indicate cruises of the Cisco.
Cruises are numbered consecutively beginning with Romén mumeral I
for the first cruise of.each year. The stations sampled had been
predetermined to coincide with other investigations being conducted
by the U. S. Bureau of Conercial Fisheries, 3Bottom samples were
taken at boéh hydrographic and fishing stations.

A1l sampling in 1951 employed a light-weight Petersen dredge.
Both light-and-heavy-weight Petersen dredges and a 6 incﬁ>Ekman
dredge were used in 1952, The 1954 and 1955 samples were taken
by an orange-peel dredge with thg exception of a few dredgings
made with the light-weight Petersen dredge in 1955. The orange-
peel dredge used was a No.3 with a closed diameter of 13 inches,
The Petersen dredgeé used sample a surface area of 0,79 square meier,

The most extensive sampling of Lake Michigan was conducted
in 1954 and 1955, and consequently, these data are the basis for
the majority of this report. Only the samples taken by the orange-
peel dredge are used througﬁout this report in making a quantitative
comparison of the organisms present. Tow net samples were taken at
several stations in addition to the dredge samples, The procedure
consisted of attaching a 25 cm., diameter plankton net to a bottom

trawl during the routine tréwling overation, MNo attempt was made
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to obtain quantitative samples by this procedure, but they proved
valuﬁble in yielding several benthic forms which were not found in
dredge samples. This was especially true in several shallow water
a;eas from which very few dredge samples were collected, All forms
taken in tow samples are included in the species list of organisms
and are considered with respect to their qualitative distribution.

The bottom type was recorded for all dredge samples at the time
they were collecteds The material was recorded as being sand, gravel,
clay, silt, or mixtures of any or all of these., No attempt was made
to make a quantitative analysis of the percemtage of any of these

rd

materials, .

Samples were washed through a 30 mesh screen when collected, and
any remainihg bottom material, along with the organisms present, was
stored in a 10 percent formalin solution. The material was kept in
this condition until it could be hgndled at a later date in the
laboratory.

A floatation method using a saturated sugar solution was used to
sort the organisms, The sample was first emptied into a 1/20 mm. mesh
sieve and washed with tap water umtil all traces of formaldehyde were
removed. The material was then'placéd in a shallow enamel pan and
covered with a saturated sugar solution., The floating organisms were
removedtfrom the surface with a fine mesh scoop. The majority of the
organisms floated for several minutes until, due to osmosis, their
density approached that of the solution. The sample was then placed
in water and the non-floating organisms were hand picked. After

standing in water for several minutes, the density of the organisms

readjusted so that they could again be floated if any remained in ihe



sample material, If a small amount of bottom material was present
the second floatation was found to be unnecessary., After sorting,
the organisms were preserved in a solution of 70 percent alcohol

and 5 percent glycerine.

A review of the literature revealed a COpSpicuouS lack of
uniformity in methods of quantitatively measuring benthological
samples., Volumetrié measurements were chosen over the wet weigﬁt
method orimarily because of the greater speed and ease of operation.

All samples were allowed to drain to a constant state of dryness
before measuring the total volume. Ball (1948) found that the

volume of organisms could be converted to live weight by a conversion
factor of 0.98, which he considered to be not significantly different
from unity.l Conversions made on this basis would be within the
accuracy of the methods employed.

Due to the variations in size,of .individual organisms, a volumetric
measurement often is not indicative of the rmumber of specimens in a

sample, For this reason a total count was made of all the organisms

present, Individuals of Pontoporeia affinis were divided into four

size groups before counting, fof the purpose of showing variations
in size distribution. The éizes which proved to be most satisfactory
were: less than 3 mm.; 3 - 5 nmm.; 5 = 7 mm. and greater than 7 mm,
The maxdimum length attained was approximately 10 mm., The average
volume of the individual P. affinis in each group was determined by
measuring a known number of each size, The volume of P, affinis in
each size group was then calculated mathematically for all samples,
The sum of the volumes of the four sizes was accepted as the total

sample volume of P, affinis, The measurements from which the average
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volumes were calculated are shown in Table 2, The accuracy of this
method was checked by comparing the calculated volume with the

measured volume of four samples (Table 3). These were samples which

had been previously measured and were found to contain no organisms

other than P, affinis. ’

(3
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Table 2, Data used to determine the volume of individual
Pontoporeia affinis in each of four size groups

from Lake Michigan

13

Size group No. of Volume Ave. vol, per
organisms (ml.) organism
(ml.)
Less than 500 0.25 0.00050
3 mn, 500 0.22 0,000LY
0.000E?
3<5 mm. 78 0.25 0,0029
' 1003 0.7k 0.0007L
300 0.50 0.,0016
300 0,50 0.0016
0,0017
5-7 mm, 3L0 1,53 0.00L5
324 1.65 0,0051
0.00L8
Greater than 65 0,63 0.0098
7 mm, 68 0.70 0,0102
51 0.48 0,009

0.0098




Table 3. Comparison of calculated volume and measured volume
of Pontoporeia affinis taken from Lake Michigan

No. in each size group Total Measured Calculated
no. vol, vol.

less 3-5m, 5-7 mm, Greater (ml,) (ml,)
than than

3 mn. 7 .

1 L7 83 18 1L9 075 0.71
6 7 12 12 37 0.1k 0,19
I 3 22 9 35 0.17 0.20

13 160 116 14 303 1.08 1.05




SAMPLIXG STATIONS

- The data from Lake Michigan for the years 1954 and 1955
represent 203 dredge samples taken from LO stations and 13 tow
samples from 5 stations (Figure 2). The stations had been
predetermined by the U, S. Bureau of Commercial risheries for
the purpose of fishery and limnological investigations. Several
of these stations covered a considerable area as is evident by
the diversity of the depth and bottom type within stations (Table.h).
These were fishing stations where bottom samples were collected
in conjuﬂctioﬁ with the routine trawling operations of the Cisco.
Fishing stations consisted of an area where trawling was conducted
at 15, 25 and 50 fathoms. The size of the area was determined
by the slope of the lake bottom and was only large enough to include
water from 15 to 50 fathoms in depéh. A bottom sample was taken
prior to each trawl. These samoles indicated the suitability of
the bottom for trawling as well as serving as the basis for this
benthological investigation. The fishing stations in 1954 included
5la, 52a, 53a, 55a, 59¢ and 6la. In 1955 trawling was conducted
at stations 7lc. 72d, 75d and 76e., All other stations were
hydrographic stations., These were established by degrees of
longitude and latitude, and an attempi was made to return to the
exact location at each succeeding cruise, Despite the modern
methods of navigation, there was always variation in location
each time a station was visited. For this reason the depth and

bottom type varied within stations when samples were taken on



several cruises, Due to this discrepancy, no quantitative
comparisons have been made within stations., " K11 stations were

‘located by the use of a compass and radar,

RETURN TO
DEPARTMENT OF FISHERIES & WILDLIFE
MICHIGAN STATE UNIVERSITY
EAST LANSING, MICHIGAN
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[}
Figure 2. Location of stations where bottom samples were
collected in Lake Michigan in the years 1954
and 1955
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Table 4. Depth, bottom types and number of samples collected at
the Lake Michigan sampling stations in 1954 and 1955

Station Depih Bottom type Number of
rumber  (fathoms) samples
1 Lo Sand,clay 3
2 80 Sand : sand,clay 3
3 40 Sand,clay 3
6 Lo Silt 1
7 35" Sand 1
8 S8 © Clay,silt . 1
9 60 Clay,sand,gravel 1
.10 L0 Silt 1
11 Lo Clay,sand,silt 10
12 50 Clay,sand : clay,silt 9
: Clay,gravel ¢
Clay,sand,silt, gravel
13 Lo Sand,silt : silt 17
1L L0 Sand,egravel,clay,silt 8
Sand,clay : sand,silt,clay
15 85 Silt 2
87 Silt ‘ 2
16 35. Silt 2
Lo Silt 2
17 Lo Clay,silt : clay,sand,silt 2
19 L0 Silt 3
Sla 20 Sand 1
32 Sand,clay , 1
L2 Sand,clay 1
LS Clay : 1



Table L. (continued)

1954

20

Station Depth
number (fathoms)

-

Bottom type

Number of
samoles

52a

53a

55a

c8a

58b

58c

59a

. 59b

59¢

594

15

19

30
32
L1
71

1

33
15
25
1
50

25
27

‘L8
L9

50
ol

8
13
15
18
20
23

25
52
15
30
Lo
50

70

Sand

Sand
Sand,clay
Sand,clay,silt
Sand,clay
Sand,silt,clay

Sand
Sand

Sand,clay

Sand,silt : clay,sand
Sand,clay,gravel
Silt

Clay,silt : sand,silt
Sand : silt

Clay,sand
Clay,sand
Clay,sand,silt
Clay,sand,silt

Sand

Sand .
Sand,silt,clay
Sand
Sand,clay
Sand,silt

Sand : sand,gravel,silt
Clay,sand : Clay,sand,silt
Sand,clay : sand
Sand,silt,clay

Clay,gravel
Clay,sand,silt,gravel

Clay,silt

o N NN ENEE HEFEFMDH gl N O WWw [l HHEMNMMNOHND

(= FwEr



Table L. (contimed)

2l

1954
Station Depth Bottom type Number of
number (fathoms) samples
59e Clay,silt,gravel 1
60 Silt 1l
8la 15 Sand 1
25 Sand,silt 1
50 Clay,silt 1
62a 15 | Sand,silt 2
25 Sand,silt 2
piet Silt 2
1955
T1c 5 Sand 3
15 Sand,clay 3
25 Sand,silt 3
50 Sand,silt . 3
724 10 Sand,silt,algae 2
1L Sand,silt,gravel 1
25 Sand,silt,gravel 1
50 Sand,silt : 1
7ha 1 Sand,silt,algae 1
26 Sand,silt 1l
7Lb 65 Sand,silt 1
75¢c 15 Sand, gravel,clay 1
25 Sand 1
50 Sand,clay 1
754 30 Sand 2
50 Sand,gravel,silt 1



Table L. (continued)

22

1955
Station Depth Bottom type Number of
number (fathoms) samples
75e 15 Clay,sand : sand,silt 2 ‘
25 Clay,sand s sand,silt 2
50 Sand,clay = sand,silt 3 :
L
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QUALITATIVE DISTRIBUTION

(3

* All organisms were classified as far as the preserved condition
of the specimens allowed, The identification of the Hirudinea almost
demands the use of fresh specimens. For this reason the leeches
could not be identified, although several forms were present. A list
of the organisms identified is oresented in Table S. These organisms
are predominantly deep-water forms, since samples were not taken
from less than five fathoms. Only LS samples were collected from

less than 15 fathoms.

Turbellaria

Planarians were present in very limited numbers., Not more than
one was found in any sample., These were present from 15 to LO fathoms,
although only one individual was found at a depth exceeding 20 fathoms.
Rawson (1953) found planarians to be restricted to depths less than
eight meters in Great Slave Lake, Abparently a sand bottom was the
preferred habitat of the planaria, although the specimen from LO
fathoms was taken from a mixture of sénd, silt and clay, The scarcity
of this organism is evident from the fact that Eggleton (1935,1936)

did not take a single specimen in his collections from Lake Michigzan.

Hirudinea

Hirudinea were well represented throughout Lake Michigan at

stations with depths less than LO fathoms. The greatest rumbers



Table 5. Benthic organisms identified from Lake Michigan

Platyhelminthes
- Turbellaria

Planarian

Annelida
Hirudinea
Oligochaeta
Limnodrilus udekemianus

Peloscolex spe
Sparganophilus sp.

Arthropoda

Amphipoda

Pontoporeia affinis Lindstrom
Garmarus spe.

Mysidacea

Mysis relicte Loven

Isopoda

Lirceus lineatus Say

Trichoptera
Lepicdostomatidae
.Lepidostoma Sp.
Molannidae

- Molanna sp.



Table S, (continued)

Odonata
Zygoptera
Ephemeroptera
Hexagenia sp.
Diptera
Chironomidae (= Tendipedidae)
Chironominae

! Chironomus plumosus

Cryptochironomus sp.

Polypedilum sp.,

Pseudochironomus sp.

Calopsectra sp.

Pelopiinae (= Tamypodinae)

Pentaneura sp.
Hydrobaeninae (= Or?hocladiinae)

Brillia sp.

Cricotoous sp.

Snaniotoma sp.

Mollusca
Gastropoda

Cyraulus sp.
Valvata sp.

Campeloma sp.



Table 5. (continued)
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Gastropoda (continued)
Amnicola sp.
~ Goniobasis sp.

Lymnea sp.
Pelecypoda

Sphaerium sp.

Pisidium sp.



of leeches were found in the tow samples from 6 to 15 fathoms. The
number of dredge samples available from this depth range was insufficient
to show the distribution of these organisms., More Hirudinea were taken
from station 7lc than from any other station. Two orange-peel dredge
samples taken at this station in June and September, 1955 each contained
four leech;s. Both samples were t;ken at 15 fathoms, where the bottom
material consisted of a mixture of sand, silt and clay. . No more than
one leech per sample was ever taken from any other station. Tow
samples taken from station 7lc in September, 1955 indicated an abundance
of these organisms at 15 fathoms., Both tow and dredge samples taken
at different depths within the same station area failed to yield as
many. Samples taken at a depth of five fathoms within station 7lc
were from a sand bottom. At 25 and 50 fathoms the bottom type was
similar to that at 15 fathoms, The reason for the apparent concentra-
tion of leeches at 15 fathoms within this area is unknown,

The only other station which showed an abundance of Hirudinea
was 72d in the shallow-water area east of Beaver Island., Leeches
were found in tow samplés at 5, 15 and 25 fathoms in September, 1955,
Siﬁce the area covered by the tow samples was unknown, the relative
abundance of Hirudinea‘could not be détermined. Only one of 17 orange-
peel dredge samples from station 72d contained leeches. The dredge

samples were collected in depths from 10 to 50 fathoms. The bottom

material consisted of sand, silt and gravel.

Oligochaetes

The contribution of the oligochaetes to the profundal biomass of



Lake Michigan is exceeded only by Pontovoreia affinis, Three species

were found: Limnodrilus eudekemianus, Peloscolex sp. and Sparganonhilus sp.

At least one of these species was present in over 80 percent of all

dredge samples,

Sparganophilus sp. was limited in numbers and distribution. It

was restricted to shallow-water areas of less than ten fathoms, and
no more than two specimens were present in any one orange-peel dredge

sample, Only five Sparganophilus sp. were recorded from all of the

Lake Michigan samples. They were all taken from the shallow-water -
area east of Beaver Island at station 72d. The bottom type varied
from a mixture of sand, gravel and rubble, to an aggregate of sand,
silt and algae. The seemingly restricted distribution of this species
was presumed to be due to the small number of shallow water samples
available from other areas, A total of seven orange-peel dredge
samples from less than ten fathoms wére taken from stations other
than 72d,

Peloscolex sp. was limited in numbers, but exhibited a wide
range of distribution. Specimens were taken at all depths from 15 to
85 fathoms. The incidence of occurrence was the highest in samples
from 15 to LO fathoms. At this depth fange Peloscolex sp. was
present in 20 percent of the samples., At depths exceeding LO fathoms
'they{were-found in less than five percent of the samples, This genus
was not collected at less than 15 fathoms, which may have been due to
the small number of shallow water samples,

Peloscolex sp, showed no apparent specificity as to preferred

bottom type. Specimens were taken from pure sand and various mixtures

of sand, clay, silt and gravel,



The numbers of Peloscolex sp. were small in relation to the
totai number of oligochaetes in the samples. The highest number
found in any sample was ten,and this reoresented only five percent
oé the total number of oligochaetes in the sample. In only one
sample was éhis genus the sole representative of the aquatic worms.
This was a sample taken at 50 fathoms at station 12, This may have

resulted from sampling variation, as other dredgings from this

station contained both Peloscolex sp. and Limnodrilus udekemiamus,

Limnodrilus udekemianus was more abundant than other forms of*

oligochaetes in Lake Michigan., It exceeded other species in both
numbers and range of distribution. L. udekemiamus was found in

98 percent of the samples which contained oligochaetes . It was
collected at depths from 5 to 85 fathoms, with no apoarent difference
in incidence of occurrence at any depth. Specimens were present in
all samples between 70 and 85 fathoms. This is the maximum depth
that was well represented by the dredge samples. Only one sample
was taken at more than 100 fathoms. L. udekemianus was absent in
this sample. However, this could not be considered significant.

No bottom type preference was evident from the distribution
of L. udekemianus. Individuals were bresent in samples from all
recorded sediment varieties.

Teter (1960) recorded only two forms of oligochaetes from

Lake Hurons Miadium sp. and Limnodrilus clavaredeianus, both of

which occurred to depths of 119 meter;.
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Amphipoda

The amphipod, Pontonoreia affinis Lindstrom was by far the
most abundant organism in the profundal biomass of Lake Michigan.

Eggleton (1936) described this amphipod as being Pontonoreia hoyi,

and at that time several species were believed to exist. The
present belief is that all fresh water forms of Pontovoreia are
identical to_P. affinis (Larkin, 1948). P. affinis was the

dominant organism in samples from all stations, and comprised an
average of 70 percent of the volume of all samples. Fifty-two
percent of the total volume of all organisms at five fathoms was

due to P. affinis. This was the minimum depth sampled in this
survey. The ma.ximm} depth of 100 fathoms was represented by only
one sample, in ?chicl; P. affinis was the only organism present.

This sample was from the east arm of Grand Traverse Bay. At
intermediate depths, regardless of bottom type, this amphipod was
more abundant than all other organisms. Eggleton (1947) credited
P, affinis as contributing 6L percent of the numerical composition
of the Lake Michigan bottom fauna., This is similar to the abundance
described by the workers in other large oligotrophic lakes., Rawson
(1947,1953) found that this species comprised 61 percent of the
total number of benthic organisms taken from Lake Athabaska and 62
percent of the Great Slave Lake hottom fauna. Chironomid larvae
were more abundant in Lake Nipigon, where P, affinis made uwp only
3l percent of the benthic population (Adamston,192L). The numerical
percéntage in Lake Winnipeg was 6l percent P. affinis (Bajkov,1930).

Gammarus sp. in Lake Michigan was restricted to the shallow-water



shoal areas. This gems was found only in tow samples from station
72d eas£ of Beavef Island. Seventeen orange-peel dredge samnles
from the same station failed to yield Gammarus sp. The dredge
sam;les were taken at 10, 1k, 25 and 50 fathoms.

Gammarus sp. was collected in the tow samples at 8 and 12

fathoms, At eight fathoms it was the only amohipod present.

However, at 12 fathoms both Gummarus and Pontoporeia affinis

occurred in the same sample.. This was the only ipstance in this
survey where these two amphipods were collected in the same sample. -
This is considered to be an exceptional depth for the occurrence

of Gammarus sp.., Rawson (1953)‘found them restricted to a depth

of ten meters in Great Slave Lake. ZEggleton (1935,1936) did not
record this organism from Lake Michigan. This was perhaps due to

the small number of shallow-water samples he collected.

Mysidacea

Mysis relicta Loven was frequently taken in dredge samples,

aﬁd was quite numerous in tow samples. This species is more
pelagic than benthic in its habits: consequently, dredge samples

do not give a representative distribution. Beeton (1959) found
mysids only in the bottom two metars of water during the day., In the
evening, however, he observed mass migrations to the upper strata

" of water. Theée diurnal migrations were stimulated by decreasing
light intensity., Since M. relicta are not true bottom organisms
they are not being considered in this report. Information of the

l1ife history and behavior of this organism have been presented by



Larkin (1948) and Beeton (1958,1959).

I

Isopoda

Lirceus lineatus is a typical shallow water organism restricted

to shallow shoal areas; It was numerous in tow samples from

stations 72d and 7lc; It was also taken infrequently in dredge
samples from the same stations. Isopods were not present in samples
from any other location, although a total of ten stations were
sampled at 15 fathoms or less. This species was recorded at a
maximum depth of 15 fathoms from both stations., The bottom type
varied from a ﬁixture of sand and clay to sand, silt and gravel,

L. lineatus inhabits the shallow-water sand banks of the Straits

of Mackinac region where Henson (1958) has conducted an extensive
sampling program, L. lineatus occurs in Lake Huron at depths of 5.5

to 25 meters (Teter,1960),

Trichoptera

Two genera of caddis-fly larvae were identified. These were
Lepidostoma sp. of the family Lepidosﬁomatidae, and the genus
Molanna sp., representative of the family Molannidae. The latter
is the same gemus reported by Henson (1958) in the Straits of
Mackinac region.

Neither genus was ever taken from a depth exceeding 25 fathoms.
The greatest abundance of both genera was recorded from the tow

samples from station 72d. This is the shoal area east of Beaver
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Island, which has previously been shown to sunnort a tynical
shallsw-water fauna, The shallow-water fauna is probably influenced
by a higher water temperature. On July 19, 1955 samples were

t;ken from station 72d at 8.5, 1L, 26.5 and 50 fathoms. The
temperatutre was 60 degrees at 8.5 fathoms and L3 degrees at 1L
fathoms. At 25.5 and 50 fathoms the water temperature was LO
degrees., The upper limit of the thermocline was at five fathoms,
and the suface temperature was 71 degrees. The same two genera
were seen infrequently in dredge sagples from stations 58a and Tlc,

taken at 15 and 25 fathoms respectively.

The cases ,of several other larval forms were collected, but never
with the larvae intact. These discarded cases were often abundant
in areas of accumulated mollusc shells deposited by wave action.
Larval cases collected in these areas did not represent the natural
habitat of the Trichoptera, as they had been relocated by wave action.
Rawson (1953) reported L9 species of Trichoptera from Great
Slave Lake, where the majority of the larvae were collected at
depths of one to ten meters, The maximum depth at which he found

larvae was 13 meters. Only empty cases were found at greater depths.

Odonata

Only one Odonata larva was found from all of the samples, but
because of poor condition it could not be identified. The one
representative of the order was a damselfly larva taken from

station 58a at a depth of 25 fathoms.



Ephemeroptera

Hexagenia sp. was restricted to the tow samnles from the shoal
areas of Beaver Island. These mayfly larvae were present in tow
samples from 8, 12 and 15 fathoms,

Henson (1958) reported the presence of Hexagenia sp. in the
shallow-water areas of northern Lake Huron near the Straits of
Mackinace In the same area he also found Ephemera sp., a genus
which was not present in the Lake Michigan samples,

Rawson (1935) reported the same two genera to be restricted
to depths of less than four meters in Great Slave Lake,

)

Diptera

Nine genera of chironomid larvae were identified from the Lake
Michigan samples., Although limited in numbers, they were widely
distributed at depths of LO fathoms or less., Chironomid larvae
were present in 58 percent of all samples from less than LO fathoms.
At greater depths they were represented in 16 percent of all samples.

The samples containing chironomids had an average of five
larvae, however, 75 percent of the samples contained fewer than

vsix individuals. They ranged in nuwbers from 1 to 31 larvae per

sample,
Chironomus plumosus and Calopsectra sp. were the only species

limited to shallow water. C. plumosus was recorded only at stations
72d, 7Tlc and 58c. All records of this species were from orange-peel

dredge samoles taken at ten fathoms or less, At stations 7lc and 58c¢

C. plumosus inhabited a pure sand bottom. The bottom type was similar
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at station 72d except for the addition of a small amount of gravel.
The greatest number of C. plumosus present in any one sample
was 20 individuals taken in one orange-peel dredge grab at station

Tlc. This sample was at five fathoms, the shallowest water sampled
in this survey.,

Calopsectra sp. was recorded only from stations 72d and 58¢c at
ten fathoms, This genmus was found in only two samples, each of which
" contained one.individual. This was the most limited distribution of
all the species taken in the survey.

With the exception of Spaniotoma sp., all other genera of
Chironomidae werie widely distributed at all depths less than 30
fathoms, Brillia sp., Pentaneura Sp:, Polyvedilum sp., Pseudo-

chironomus sp. and Cryptochironomus sp. have a wide range of

distribution. Representatives of all of these genera were collected

from 10 to 25 fathoms. Pseudochironomus sp. is the only one of these

forms recorded from a depth of LO fathoms. One specimen was taken
from station 13 where the bottom was composed ?f sand and silt.

No bottom composition preference was evident as members of each
genus were collected from all recorded sediment types. .

Dredge samples exceeding 30 fathoms in depth were restricted to
two genera of Chironomidae: Cricétoous sp. and Spaniotoma sp..
Cricotoous sp. was taken at 30 and LO fathoms. Spaniotoma sp. was
the only gemus found at depths of LO fathoms or more, and was the
only chironomid restricted to deep water. It was never collected
from depths of less than 30 fathoms nor more than 70 fathoms.
Spaniotoma sp. was taken at all depths from 36 to 54O meters in

Great Slave Lake (Rawson,1953).
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Gastropoda

Six genera of snails were identified from the Lake Michigan

samples, These were Gyraulus sp., Valvata sp., Campeloma sp.,

Amnicola sp., Goniobasis sp. and Lymnaea sp.. All forms were
mumerous in the shallow-water areas of stations 72d, 7lc, 55a and

58c. Many deep-water stations showed evidence of drifting accumulations

of Gastropoda shells. Only Gyraulus sp. and Goniobasis ép. were found

alive at depths of LO fathoms or more,

Pelecypoda
\

The Pelecypoda of Lake Michigan were represented by the genera
Pisidium sp. ard Sphaerium sp.. The small fingernail clams were
abundant at all depths to 70 fathoms, However, it was often
difficult to determine if their presence in samples represented
their natural habitat or was the result of drifting. The bottom
material of many samples consisted of little more than shell fragments
of the fingernail clam. Teter (1960) listed Pisidium sp. and

Sphaerium sp., as deep-water inhabitants of Lake Huron. Practically

all of the live specimens dredged by Eggleton (1937) from Lake Michigan
were of the genus Pisidium sp.. He found only scattered Sphaerium sp..

Henson (1958) also collected these same two genera from the straits

area of Lake Huron,



QUANT ITATIVE DISTRIBUT ION
. Volume of Organisms

The average volume of organisms per orange-peel dredge sample
is shown in Figure 3., The volume rénged from 0.0l ml, to 3.5 ml.
per orange-peel dredge sample, The greatest volume was taken at
station 58¢ in 13 fathoms of water. The average volume of all
samples was 0.79 ml. The plot of the volumes at 15 fathoms is
actually the average of all samplés from 5 to 15 fathoms, inclusive.
The small number of samples taken at less than 15 fathoms indicated
no significant difference in volume of organisms at depths ranging
from 5 to 15 fathoms,

Ihe average volume per sample declined from a maximum of 1.9 ml.
per sample at 15 fathoms to 1.27 ml; at 25 fathoms. From this point
there was a sharp decline to 0.26 ml, per sample at LO fathoms., The
abundance then leveled off to an average of about 0.2 ml, per sample
at 70 fathoms,

| The plot of these data'follows the general trend seen previously
in the qualitative species distributién; that is, the wide break in
both abundance and Spgcies distribution between 25 and LO fathoms,
Several species preseﬁt in shallow water were absent from all samples
over 4O fathoms. The drop in volume with increasing depth was due
to a decrease in the total number of organisms rather than the loss
of species representatives, A plot of the number of organisms per
sample (Figure L) is similar to the plot of total volumes, The

average volume per sample at LO fathoms is 13.7 percent of the volume
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Figure 3.

Relationship of depth to the volume of organisms
per orange-peel dredge sample in Lake Michigan,
1954 and 1955
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at 15 fathoms., The total number of organisms per sampnle at LO fathoms
represents 15.3 percent of the number from 15 fathoms.

The volume of Pontoporeia affinis {Figure 3) follows the same

trend as the total volume, declining from 1.35 ml. per sample at 15
fathoms to 0,94 ml. at 25 fathoms. This is followed by a sharp drop
to 0,19 ml. at 4O fathoms. The slight increase in volume at 50 fathoms
of both the total sample and P. affinis is presumed to be due to
sampling variation. The greatest difference between total sample
volume and volume of P, affinis is at 15 fathoms., Here the higher-
total sample volume reflects the'presence of the shallow-water
organisms, .

' P, affinis comprised an average of 70 percent of the total
volume of the samples, This is close to the 6l percent reported for
Lake Michigan by Eggleton (1936). The percentage of the total volume
of benthos, which was made up of P. affinis varied in Lake Michigan
with the depth of water. The percertage declined from 73 percent at
15 fathoms to 69 percent at 25 fathoms and 63 percent at LO fathoms.,
The percentage of the total sample volume increased to 77 percent at
50 fathoms, and 75 percent for-all samples over 70 fathoms. The
number of P, affinis per orange-peel dredge sample declined rapidly
with increasing depth between 15 and 4O fathoms. The fact that the
number of Oligochaetes was constant within these depihs accounts

“for the decreasing percentage of P, affinis in the total sample
volume., At depths exceeding LO fathoms the number of Oligochaetes
decreased rapidly with increasing depth allowing for an increasing
percentage of P, affinis in the total sample volume. This higher

proportion of P, affinis in the deep-water samples also resulted



from the absence of species previously seen to be restricted to
shallow water, _

. A1l samples fr§m 1954 and 19§5A§ere grouped by bottom tyme.
There were six types of bottom deposits recorded at the time the
samples were collected, The sediments consisted of sand, clay,

or silt or mixtures of any of these., The data for the various
bottom types are shown in Appendix B. The volume of samples was
analyzed for a significant regression with increasing depth for
each bottom type. The procedure followed Snedecor's (1955) method
for the analysis of linear regression. The volume of samples collected
from either pure sand or silt showed no significant regression

at the 90 percent level. A plot of the sample volume from all
other sediment types indicated a slope significantly different

fron zerd at the 90 percent level,

Number of Organisms

The plot of the numbers of organisms (Figure L) shows a
linear regression from 15 to LO fathoms, Eggleton's (1936) data
indicated an abundance of organisms between 35 and 50 meters in
Lake Michigan., Rawson (1935) noticed a similar increase from 30
to 60 meters in Great Slave Lake, lIn this study the shallow
water samples contained the greatest abundance of organisms.

No increase was seen in either total numbers or numbers of

Pontoporeia affinis in deeper water, The average mumber of

organisms per sample declined from 393 at 15 fathoms to 275 at 25

fathoms and 60 at LO fathoms., There were 66 individuals per sample
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Figure L. Relationship of depth to the number of organisms per
orange-peel dredge sample in Lake Michigan, 1954 and
1955
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at 50 fathoms and 42 at 70 fathoms. The plot of the total sample

numbers nearly parallels the numbers of Po;rtoDoreia affinis.

The numbers of P, affinis per orange-peel dredge sample also shows

a sharp decline between 15 and LO fathoms. The L5 P, affinis at

LO fathoms represent only 1L percent of the 323 individuals per
sample at 15 fathoms. There were approximately 50 P, affinis

per sample at all depths between LO and 70 fathoms,

| — T - At



DISTRIBUTION COF PONTOPOREIA AFFINIS

The Pontoporeia affinis from all samples were divided into

size groups for the purpose of demonstrating distributional

patterns associated with depth, bottom type or seasons, The
siie-groups were chosen arbitrarily as less than 3 mm., 3 - 5 mm.,

S = 7 mm., and greater than 7 mm.. The average volume .per individual
has been determined as 0,00047 ml, for the smallest group, 0.0017 ml,
for indiveduals from 3 to 5 mm., 0.0048 ml. for those S to 7 mm.

and 0,0098 ml, for those over 7 mm. in total length (Table 2).

The total voiume of P, affinis per sample was calculated from

these figures. An analysis of the correlation between total

mmbers and volume for 50 sampies chosen at random gave a correlation
of 0.95. All of the 1954 and 1955 samples were used for the following
discussion concerning the distribution of P. affinis.

The a:".ze-group from S to 7 mm, contributed over L0 percent of
the total rumber of P, affinis for all samples., The average rumber
of P, affinis per sample is shown by size-groups in Figure 5. In
this Stl;ldy' the P, affinis of Lake Michigan exhibited neither a
sublittoral minimum nor zones of concentration such as Larkin (19L8)
found in Great Slave Lake, and Eggleton (1937) demonstrated in
Lake Michigan. It is possible that the number of shallow water
samples was insufficient to show a sublittoral minimum if Such a
phenomenon does exist in Lake Michigan.

The total rumbers of P, affinis in all samples declined rapidly

" between 15 and LO fathoms. From LO to 70 fathoms the rumber of



Figure 5. Relatlonship of depth to the mumbers of Pontoporeia
affinis per orange-peel dredge sample in Lake
¥ichigan, 1954 and 1955
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individuals per sample was more constant. The number or organisms
in the two extreme size-groups shows less regression with depth
than either the 3 to 5 mm. or the 5 to 7 mm., group. However, the
decrease ir} numbers is significant for all size-groups.

The average numb;er of P, affinis per sample for all samples
was 115, The extremes of the range were 323 individuals per sample
at 15 fathoms and 39 at depths exceeding 70 fathoms, Almost the
entire range of numbers per sample was found between 15 and LO
fathoms. The largest rumber of individuals at all deoths was in '
the 5 to 7 mm, size-group. At 15 fathoms this one size-group
exceeded the total numbers of all other groups combined, There was
an average of 193 individuals per sample between 5 and 7 mm. in
length, whereas the total of all other sizes was 128, A plot of
rmumbers of this size-group indicates a linear regression from 15
to L0 fathoms, where the average number per sample is 22, MNo
significant change in numbers is evident from LO to 70 fathoms..

The 3 to 5 mm, size-group ranked second in abundance at all
depths. They ranged in numbers from 66 individuals per sample at
15 fathoms, to 12 individuals at 70 fathoms.

The smallest mmbers of individuals were in the two extreme
size-groups. OSmall mumbers would be expected of the P, affinis
exceeding 7 mm, since mortality would diminish their mumbters befcre
reaching this size, It is difficult to account for the lack of
abundance of individuals less than 3 mm.,' In a population of organisms
such as P, affinis the smallest individuals normally occur in the
greatest abundance. Their numbers are dimi-nished by mortality before

reaching maturity. It is possible that very young specimens were

¢ T e ke a1 e
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lost in the washing process, In Great Slave Lake the young are

released from the brood pouch early in the spring when they

reach a length of 0,3 mm.. They attain a length of 1.3 to 2.3 mm,

by June (Larkin, 19L8) and would not be lost in screening after
attaining this length. Assuming similar growth in Lake Michigan,

the loss of young of the year specimens was probably not signifi-

cant, as few samples were taken prior to June. It is also possible

that the majority of the samples were taken after the young of

the year exceeded 3 mm,., Larkin (1948) considered the 5 to 7 mm,

size-group to represent one year old specimens. If this is true

in Lake Michigan, ‘the lack of abundance of the small individuals

would indicate a poor year class in 195L,
The 5 to 7 mm, size-group comprised approximately 50 percent

of the total P, affinis population at all depths. This group

exhibited a greater dominance over the other sizes in water under

25 fathoms than at greater depths, The individuals 5 to 7 mm.

long constituted 52 to 57 percent of the total population at

15 and 25 fathoms, respectively, At LO fathoms their relative

numbers decreased so they made up only L8 percent of the P. affinis

population. There was no significant change in percentage from

LO to 70 fathoms, The increase in percentage contribution (52
percent to 57 percent) of this size-group between 15 and 25 fathoms

corresponded with a decrease of similar proportion in the 3 to

S mm, size-group. The smaller of the two groups contributed

27 percent to the total numbers at 15 fathoms, but only 20

percent at 25 fathoms, At depths of LO fathoms or more they




constituted 27 percent of the total population,

An interesting depth distribution is seen in comparing the

t'wo extreme size-groups. Individuals greater than 7 mm. in total
length constituted only 1l percent of the total population at 15
fathoms., Their percentage contribution increased to 15 percent at
25 fathoms, 22 percent at LO fathoms and remained at anproximately
20 percent at all depths exceeding LO fathoms. The abundance of
organisms less than 3 mm, varied inversely with that of the larger
size-grouwp. The small P, affinis made up nine percent of the
population at 15 fathoms, but declined to four percent and three
percent at LO and 70 fathoms, respectively.

The inverse relationship of these two size-groups indicates a
predominance .of larger individuals in deeper water. This tendency is
shown by Figure 6. The average volume of the individual P, affinis
per sample was determined for all samples. This figure represents
the mathematical average volume per individual calculated from the
total volume of P, affinis in each sample. The average volume at
each depth is, therefore, the mean of all P, affinis collected at
any one depth., The average volume of the individual P, affinis
increased from 0,0042 ml, at 15 fathomé to 0,0057 ml, at 50 fathoms.
The decrease in average size at 70 fathoms may have been due to the
small mmber of samples available,

A spawning migration into shallow water would explain the
size-depth relationship of P, affinis, It is possible that the
young are born in shallow water, and gradually disperse into

deeper areas as they increase in size., If the mature individuals

die soon after the young are born as Larkin (1948) believed, they

—
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Figure 6. ‘'Relationship of depth to the average volume of individual
Pontoporeia affinis in Lake Michigan, 1954 and 1955




52

.0058

.0056 —
0054

0052

VOLUME (MILLILITERS)

0044

.0042—

-0040}-

)
o
o
o
I

| I

I

]

30 40
DEPTH (FATHOMS)

50

60

70

§ o s e £ i b



53

would_ only be in shallow water for a short period of time.
Therefore, the average size of the individuals in shallow water
wzuld not be influenced by the breeding population.

The size-depth relationship in Lake Michigan is directly
opposite to the relationship in Great Slave Lake (Larkin,15L8).
Larkin found P. affinis to be of smaller average size in deep
water. He considered this to be the result of a stuntirig or
dwarfing factor related to decreasing organic deposits in deeper
water,

It is now quite evident that there was a reduction in numbers
of P, affinis per sample with increasing depth of water., By assumirg
that all depths were sampled with the same frequency each month, the
1954 data can be used to show a seasonal distribution. Several
seasonal trends in the distribution of P, affinis are evident from
a plot of the 195k data (Figure 7.). Birge and Juday (1927) found
that P, affinis reproduced in Gfeen Lake during the winter months,
Larkin (19L48) found that P, affinis at 11 meters depth attained a
length of 3 to 4 mm. the first year, 5 to 7 mm. the second year and
7 mm, or more for those living a third year. The Lake Michigan
éata indicate a similar reproduétive and growth pattefn. The
percentage of the population composed of individuals exceeding 7 mm.,
declinéd sharply from March to June., Their percentage of the total
population dropped from L9 percent in March to a seasonal low of
nine percent in June. Larkin (1548) has shown that the breeding
population dies soon after the young are born. If this is true in
Lake Michigan, the loss of large individuals after March indicates

an early spring breeding season. Throughout the remainder of the

t
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Figure 7.

Relationship of seasons of the year to the numbers of
Pontoporeia affinis in Lake Michigan, 1954
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surmer the individuals exceeding 7 mm. gradually increased in
abundance due to recruitment into the size-group by growth of
the one-year-old individuals,

The 5 to 7 mm, size-group had a gradual recruitment from

March to July as a result of growth of the young of the previous

Ayear. From July to September the percentage that they contributed

s TP
8

to the total population declined from 61 percent to 33 percent.

This was due to both mortality and loss into the 7 mm. size-group

¥

by growth,

- — AV TR P S

The 3 to 5 mm, size-group followed a similar pattern. Their
percentage contribution to the popule;tion increased from ten percent
in March to LS percent in September. The recruitment which took place
between August and September represents the time at which the majority
of the young of the year reached 3 mm.. The data for November and
December are unreliable due to the small number of samples.

The number of individuals less than 3 mm, does not give a precise
designation of the time of the breeding seaso;z. There was an increase
between May and June., If the newly hatched individuals were lost in
screening, this increase might represent the first time the young were
retained in significant numbers, There is also an indication of a late
summer brood. This is known to occur in Great Slave Lake (Larkin,19L8).
The absence of a pronounced mode in the plot of the percentage contri- .

bution of the young of the year indicates a poor year class, Ektensive

sampling from October to March would be necessary to isolate the

breeding period.




’

SUMMARY

) 1. The bottom fauna of Lake Michigan was studied in the
years 1951 to 1955 as part of the Great Lakes investigations
conducted by the United State$ Bureau of Commercial Fisheries,
The most extensive sampling of Lake Michigan was conducted in
195k and 1955 when 203 dredge samples and 13 tow samples were
collected fron LO stations,

2. Thirty-one different organisms were listed with
comments on their distribution. Several species collected were
restricted té shallow shoal areas,

.

3. Pontoporeia affinis was the dominant organism at all

depths. This amphipod made up an average of 70 percent of the
volume of all samples. The contribution of P, affinis to the
total sample volume varied with the depth of water.

L. The average volume of organisms per orange-peel dredge
sample ranged from 0,01 ml, to 3.5 ml.. The average volume of all
samples was 0,79 ml..

S« There was a distinct drop in both mumbers and volume of
organisms between 25 and LO fathoms depth,

6. The abundance of P, affinis varied directly with that of
the other organisms,

7. There was a regression of mumbers of organisms per
sample with depth regardless of bottom type.

8. The size distribution of P, affinis varied with depth

of water and seasons of the year.
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