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Abstract

Cores of bottom sediments and overlying waters were collected from depths of 6 and 9 m
in southeastern Lake Michigan. Copepod, cladoceran, and ostracod abundances were
assessed in terms of known plankton. Species could be roughly divided into euplanktonic
species showing no affinity for the sediments, epibenthic species occurring in the plankton
but concentrated necar the sediments, and benthic species inhabiting the sediments and
rarely encountered in the plankton. While several epibenthic species left the sediments at
night to enter the plankton, only a small fraction of the benthic species showed this mi-
gration. Epibenthic and benthic microcrustaceans in the lower 0.3 m of the water column
accounted for 33-39% of the standing stock (by numbers) of the microcrustaceans within
the 9-m depth contour. Preliminary information on the local food web indicates that the
microcrustaceans have a significant role in the trophodynamics of the inshore area. Several
of the specics found in southeastern Lake Michigan are tolerant of eutrophic, mesotrophic,

or moderately saline waters.

Although the planktonic crustaceans of
the open waters of the Great Lakes have
been studied extensively, the epibenthic
components have been largely overlooked,
probably due to the technical difficulties in
collecting from this habitat. Conventional
zooplankton sampling gear (nets, water
bottles) does not sample the organisms liv-
ing on the sediments (benthic) or within
a few centimeters of the sediments (epi-
benthic). Sampling gear such as dredges
and grabs may collect epibenthic and ben-
thic organisms, but the mesh sizes of screens
in these devices and of the sieves used
for washing samples are generally coarse
(500 p) and do not retain the smallest
organisms. Where special gear has been
uscd, an abundant and diverse microfauna
has been collected (Moore 1939; Cole 1955).
Although the trophodynamics of the cpi-
benthic and benthic microfauna have not
been well studied in temperate freshwaters,
studies in Arctic ponds (Fenchel 1975),
brackish waters (Jansson 1974), and marine
waters (MeclIntyre 1964) have shown that
microfauna arc important in benthic com-
munities both as competitors with the
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macrobenthos for food resources and as
prey for benthic invertebrates and fish. In
the Great Lakes, microbenthos probably
have a similarly significant role. o

In summer 1974, we investigated the
nearshore arca of southeastern Lake Michi-
gan to determine the species composition
and abundance of the epibenthic and ben-
thic microfauna. The samples contained a
diverse asscmblage of organisms from a
number of taxonomic groups. We here dis-
cuss primarily the copepods, cladocerans,
and ostracods.

The project was undertaken in coopera-
tion with S. C. Mozley and we acknowl-
edge his advice and help. Divers were J.
Dorr and G. Gitschlag.

Materials and methods

Duplicate sediment cores were collected
at five sites 80-100 m apart (Fig. 1) along
two transccts parallel to shore and extend-
ing southward from the intake structures
of the Donald C. Cook Nuclear Plant in
southeastern Lake Michigan. The plant
was not operational in 1974 although water
was occasionally drawn from the lake dur-
ing periods of circulating-pump testing.
Transect C (6-m depth contour) was sam-
pled during the afternoon of 22 July 1974,
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Location of core sampling sites (22-23 July 1974) for epibenthic and benthic microfauna in

southeastern Lake Michigan (insert) and near Donald C. Cook Nuclear Power Plant.

transect D (9-m depth contour) on the fol-
lowing morning,.

Samples were collected by SCUBA div-
ers. A plastic core tube (46.4 cm long X 7.2
cm ID) was pushed into the sediments to a
depth of 15 cm, leaving 31.4 cm of overlying
water; thus positioned, the corc tube en-
closed a sediment surface area of 40.7 cm?
and a water volume of 1.3 liters. The upper
portion of the tube was stoppered, the tube
removed from the sediments, and then the
lower portion of the tube was stoppered. A
sccond core was collected within 3 m of the
first and both brought to the surface. On
shore, the contents of each tube were placed
in a bucket and the water decanted off and
pourcd through a plankton bucket with a
No. 10 mesh (156 p) window. The sedi-

ment was washed scveral times and the
water quickly decanted before suspended
organisms had time to settle out. The
organisms and a small volume of residual
water were then transferred to a labeled
jar and preserved with Koechies fluid (a
sugar-Formalin solution).

Copepods, cladocerans, and ostracods
were counted and identified. Nematoda,
Rotifera, Tardigrada, Rhizopoda, and fish
eggs were counted but not speciated. Mac-
robenthic organisms (Insecta, Gastropoda,
Amphipoda, Pelecypoda, etc.) were counted
and the data given by Mozley (1975).
Taxonomy followed Pennak (1963), Dcevey
and Deevey (1971), and the keys of Wil-
son, Yeatman, Brooks, and Tressler in Ed-
mondson (1959). Only intact organisms
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were counted; broken or otherwise dam-
aged animals were assumed to have been
dead at the time of capture.

A grid of stations at an 1l-km radius
about the Donald C. Cook Nuclear Plant
has been surveyed for plankton at monthly
intervals from 1970 through the present.
Zooplankton compositions vary with station
depth, but alongshore currents maintain
homogeneity among stations of similar
depths. We used these data (not reported
herc) to evaluate the relative benthic affini-
ties of core crustaceans, since over half of
thesc organisms can also be found in the
plankton. As a rough index we show the
ratios between mean volumetric densities in
the cores and mean volumetric densities in
the midsummer plankton of 1974 as mea-
sured on two survey dates. On the survey
date preceding the core sampling, 11 July,
thirtcen stations having depths of 6-9 m
were visited; on 22 August six stations
within the same depth contours were vis-
ited. At cach station two replicate hauls
were made from about 1 m above lake
bottom to the surface with a 50-cm-di-
ameter net (156-u pore size) equipped with
a calibrated flowmeter.

Some epibenthic and benthic microcrus-
taceans, although rare in the plankton dur-
ing the day, may enter the plankton in
greater numbers at night. To investigate
this, we determined the concentrations of
epibenthic and benthic microcrustaceans at
midnight and at noon on 4 and 5 August.
Zooplankton were collected from nine loca-
tions in the intake forebay of the power
plant during a period of circulating-pump
testing. Water was drawn through a 7.2-
cm-ID hose by a diaphragm pump and dis-
charged into a 50-cm-diameter plankton
nct (156-p pore size) suspended in a barrel
of water. A regulated outflow pipe at the
bottom of the barrel was equipped with a
flowmeter, allowing estimates of the volume
of water filtered over the sampling period.
Over a 2-min period, about 1 m3 of water
was filtered. Two 2-min replicates were
collected from each location and mean
concentrations (of 18 samples) calculated
for the various taxa of zooplankton. The
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intake pipes were located offshore 680 m
(Fig. 1) in 9 m of water.

Results

Sediments along transect C (6 m) were
mostly fine sand, but one sample contained
clay lumps and organic matter. Sediments
along transcct D (9 m) were also fine
sand but several samples contained silt and
organic matter and were gray. The shore-
line along the survey area was sandy and
devoid of rooted aquatic macrophytes.

Our separation of euplanktonic, epiben-
thic, and benthic microcrustaccans on the
basis of the computed ratio of their mean
density (No. m™) in the 20 cores to their
estimated density (No. m™) in the water
column is somewhat arbitrary, particularly
for the species that were rare in both the
core and the plankton samples.

Euplanktonic microcrustaceans are those
organisms that live primarily in the plank-
ton and scemingly lack orientation to the
sediments. The core : plankton ratios (Ta-
ble 1) for these taxa in our study were
generally 1 or less. An exception is the ratio
for Daphnia galeata mendotae, a species
associated with open waters of lakes. All
of the taxa shown in Table 1 are common
in the Great Lakes zooplankton (Watson
and Carpenter 1974; Torke 1975). Apart
from Bosmina longirostris, which was more
abundant at 6 m, the euplanktonic organ-
isms occurred in similar concentrations at
6 and 9 m. FEuplankton accounted for
<10% of the microcrustaceans in the cores
taken at 6 m and <2% at 9 m. The mean
concentration of these organisms ranged
from 4,900 m3 at 9 m to 17,400 m=2 at 6 m
and was similar to the estimated zooplank-
ton concentration (14,700 m-2) in the water
column,

Epibenthic microcrustaceans are those
organisms that commonly occur in the
plankton but reach higher concentrations
in the waters just above the sediments; they
may also live on the sediments. Our com-
puted core : plankton ratios (Table 2) for
these taxa ranged from a low of 4 to a
high of 1,490. All of the taxa shown in



1062

Table 1. Mean concentration of euplankton in
core samples collected from the 6- and 9-m depth
contours in southeastern Lake Michigan on 22-23
July 1974. Ratio for each taxon was calculated
by dividing mean concentration (No. m®) in the
20 core samples by estimated concentration (mean
of two sampling dates) in overlying water. SE is

Evans and Stewart

Table 2. Mean concentration of epibenthic
microcrustaceans in core samples collected from
the 6- and 9-m depth contours on 22-23 July 1974.
Ratios calculated as in Table 1. SE is standard
error of the mean.

standard error of the mean. n 2
I Taxon Ratio No. m-'3 No. 3m-3
6m gm %10 *SE x10 ISE
-3 -3
Taxon Ratio  No. m No. m Nauplii 4 17.5: 5.8  4.9:1.6
x10 *SE  x10 +SE Cyclopoids CI-CV 24 59.8212.3 68.6:8.1
Cyclops
I'ropocyclops prasinus bicuspidatus
mexicanus 0.1 0.0 0.2+0.2 thomasi CVI 11l 3.2+ 0.8 9.5£1.7
Diaptomus spp. CI-CV 1.3  2.0%#0.6 2.0:0.6 Cyelops vernalis
Diaptomus ashlandi CVI 1.2 0.74#0.2 1.1+0.3 CcvI 1490 19.1%+ 4.9  53.8%7.7
Diaptomus minutus CVI 0.0 0.0 0.0 Eurytemora sp.
Epischura lacustris CI-CV 5 1.4+ 0.3 4.0£1.2
CI-CVI 0.0 0.0 0.0 Eurytemora affinis
Total copepods 2.7 3.3 CVI 670 4.9+ 1.4 8.5+1.7
Total copepods 105.9 149.3
Bosmina longivostris 1.5 14.2+4.1  1.420.5
Daphnia galeata Chydorus 385 7.6+ 2.5 1.940.5
mendotae 10.0 0.1+0.1 0.0 sphaericus
Daphnia retrocurva 0.1 0.1t0.1 0.2%0.2 Total epibenthos 113.5 151.2
Ceriodaphnia
quadrangula

Eubosmina coregont
Holopedium gibberum
Leptodora kindtii
Polyphemus pediculus
Total cladocerans 14.

Total euplankton

Table 2 are constituents of Great Lakes
zooplankton. Chydorus sphaericus was the
only cladoceran that could be considered
epibenthic. The group was numerically
dominated by the cyclopoid copepods. Im-
maturc and adult copepodids were more
abundant at 9 m than at 6 m; these differ-
ences werc statistically significant (Stu-
dent’s {-test or Mann-Whitney test, P <
0.05) for all taxa other than adult Cyclops
vernalis and Eurytemora affinis. Nauplii
were significantly more abundant at 6 m.
More than half of the corc microcrustaceans
were epibenthic forms. The mean concen-
tration of these taxa ranged from 114,000
m™ at 6 m to 151,000 m~3 at 9 m.

Benthic microcrustaceans live primarily
on or in the sediments; they are exceedingly
rare in the plankton. The benthic micro-
crustaceans (Table 3) collected in our core
samples were not observed in the summer
inshore plankton although they have been
collected at other locations and on other

dates. The group was numerically domi-
nated by the cladocerans, particularly by
Alona affinis, Alona spp., Alonella sp., and
Eurycercus lamellatus, all of which were

Table 3. Mean concentration (No. m®) of
benthic microcrustaceans collected in core samples
from the 6- and 9-m depth contours on 22-23 July
1974 in southeastern Lake Michigan. SE is stan-
dard error.

__6m 9m ___
Taxon No. r;n_?' No. m-Z
: 3
. . x 10 *SE x 10 +SE
Fucyclops agilis CVI 1.9 #0.9 2.8:0.6
Paracyeclops fimbriatus
poppei CVI 1.0 10.5 2.8140.2
Canthocamptus sp. CI-CV 0.01£0.01 0.210.01
Canthocamptus
staphylinoides CVI 0.4 +0.2 0.7+0.3
Bryjocamptus sp. CL-CVL 0.0 0.3£0.1
Total Copepods 3.3 .8
Alona affinis 3.8 12.4 7.3r1.8
Alona spp. 3.7 1.1 12.4%2.0
Alonella sp. 0.6 +0.2 0.710.2
Furyeercus lamellatus 4,0 +1.2 7.5+1.0
Tlyocryplus sordidus 0.05+0.05 1.0+0.7
Leydigia quadrangularis 0.03+0.03 0.310.3
Total cladocerans 12.2 29.2
Canclona sp. 0.03+40,03 2.9:2.0
Total benthic
microcrustacea 15.5 38.9




Lake Michigan microcrustaceans

Table 4. Estimated standing stock (No. m™)
of microcrustaceans (copepods, cladocerans, ostra-
cods) in water column at 6- and 9-m depth con-
tours in southeastern Lake Michigan on 22-23
July 1974,

6m 9m
e T -
No. m No. m
3 3
x 10. % __x 10 %
Plankton 84 63 128 60
Bottom water:
Fuplankton 5 [/ 1
Epibenthos 28 21 45 21
Benthos 16 12 39 i8
Total 132 214

significantly (P < 0.05) more abundant at
9 m than at 6 m. Ostracods, Paracyclops
fimbriatus poppei, and Bryocamptus sp.
were also significantly (P <0.05) more
abundant at 9 m; differences in the con-
centrations of the remaining taxa were not
significant. Benthic microcrustaceans ac-
counted for 28% of the core microcrusta-
ceans collected at 6 m and 44% of the or-
ganisms at 9 m. The mean concentration of
these taxa ranged from 15,500 m=2 at 6 m
to 38,900 m™* at 9 m.

In Table 4, the standing stocks of micro-
crustaceans in the core samples and in the
overlying water are calculated on an areal
basis. The areal concentration of total
benthic organisms was previously deter-
mined (Table 3). We assumed that the
lower 0.3 m contained epibenthic and
euplanktonic animals in the densities de-
termined by the core samples and that the
portion of the water column above 0.3 m
contained these organisms in the densities
estimated from the plankton hauls. Per-
forming the calculations in this manner, we
estimate that the lower 3-5% of the water
column contains 37-40% of the microcrus-
taceans in the entire water column.

There were higher concentrations of some
microcrustaceans in the plankton during
the day than during the night (Table 53).
Part of this may have been patchiness, but
part may have been due to animals living
on or near the sediments dispersing into
the water column at night. If organisms liv-
ing in the lower 0.3 m of water at the 9-m
depth contour were dispersed throughout
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Table 5. Mean concentration of epibenthic
and benthic copepods, cladocerans, and ostracods
collected from intake waters of Donald C. Cook
Nuclear Plant at midnight and at noon on 4-5
August 1974. SE is standard error.

Noon

Taxn‘nkiii‘»v—__‘—‘_“> __ No._ m—A‘ 'SE- No. m tSE
Naupliti 626148 1,01731358
el apidatus
27 CI-CV 2,1771254 1,893+254
wsp idatus

V1 7494106 419" 62
pernalis CI-CV 8511133 3220 76
v vernalis CVI 309+ 37 2705
temora sp. CI-CV 1,822:253 1,0350142
yutemora affints CVI 812+ 93 65 15
; ‘¢ agilis CVL 1+ 1 1ol

[} 0
0 241

0 0

0 0

44+ 19 4]

0 0
187+ 41 14+ 6

15 4 0

0 0

0 0

Lapdinag sp. . 0 0

the water column at night, they would be
reduced to about 0.03 of their daytime con-
centration at the 9-m contour and their
concentration in the night plankton would
increase. The actual increase would be de-
pendent on the core : plankton ratio. For
a ratio of 1, the increase would be a factor
of 0.03 and would be undetectable; for a
ratio of 1,000, the increase would be a factor
of 30 which would be detectable.

Some of the epibenthic organisms appear
to leave the sediments at night. Chydorus
sphaericus and adult C. vernalis and E.
affinis were 11 to 13 times more abundant
in the night plankton collections than in the
day collections. Had the entire populations
of these microcrustaceans left the bottom at
night, increases in the plankton would have
been by factors of 45, 20, and 12 for the
three species. The actual values suggested
that 25% of the C. vernalis, 60% of the E.
affinis, and most or all of the C. sphaericus
entered the night plankton. Immature C.
vernalis, Cyclops bicuspidatus thomasi, and
E. affinis, as well as adult C. bicuspidatus
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thomasi, were 1.2 to 2.6 times more abun-
dant in the night plankton than in the day
plankton. The core: plankton ratios for
these taxa were small (<24). If all the
copepods living near the sediments cntered
the plankton, this would have amounted
to a nighttime concentration about double
the concentrations of these organisms in
the day plankton; such values were ob-
served.

Although benthic copepods, cladocerans,
and ostracods have been collected in the
open waters of the Great Lakes, the num-
bers have always becn low, even at night.
Eurycercus lamellatus and Alona spp. were
collected only at night in the intake waters
of the power plant (Table 5). About 15-
44 animals were collected per cubic meter
of water, corresponding to an areal concen-
tration of 135-396 m= at the 9-m depth
contour. These values werc considerably
lower than the concentrations indicated in
Table 3 and suggest that <2% of the popu-
lations of these two genera enter the plank-
‘ton at night. Other taxa such as Eucyclops
agilis and P. fimbriatus poppei were absent
or undetectable (<1 m™) in the night
plankton although they were abundant in
the core samples at 9 m (2,800 m~2); hence
fewer than 0.4% of these organisms ap-
peared to have left the sediments at night.

Among the adult copepods, females gen-
erally outnumbered the males. Egg sacs
were carried by females of all species ex-
cept the harpacticoid Canthocamptus staph-
ylinoides. Some of the large numbers of
nauplii and immature cyclopoids in the
core samples may have been progeny of
these species. About 22% of the adult pop-
ulation of C. staphylinoides were encysted.
Although C. bicuspidatus thomasi has been
observed in cysts in other lakes during
summer (Moore 1939; Cole 1955), we did
not find it in cysts.

Other microfaunal taxa in the cores were
nematodes (58,000 m-2), rotifers (4,300
m3), and rhizopods and tardigrades (<50
m2). Estimates of abundance are minima
since these organisms can usually escape
through a 156-u mesh. The bottom con-
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taincd an average of 1,000 fish eggs per
squarc meter.

Discussion

In summer, the microcrustaceans (cope-
pods, cladocerans, ostracods) living on the
sediments and in the overlying water are
numerous and diverse. Epibenthic and ben-
thic taxa in the lower 0.3 m of the water
column and sediments were found in mean
concentrations of 44,000 m™2 at 6 m and
84,300 m2 at 9 m. Macrobenthos (exclud-
ing the nematodes) were found in concen-
trations of 21,700 m™ at 6 m and 42,000 m2
at 9 m (Mozley 1975); if the nematodes are
included, thesc figures become 79,700 m=*
and 100,000 m-2. Therefore, the standing
stock of epibenthic and benthic copepods,
cladocerans, and ostracods approaches that
of the macrobenthos on a numerical basis
although not on a biomass basis. In sum-
mer, when copepod, cladoceran, and ostra-
cod generation times are short, these micro-
crustaceans would play an important role in
the trophodynamics of the ncarshore area.

The microcrustaceans consist of ooze
browscrs such as Ilyocryptus, Canthocamp-
tus, and Candona and seston feeders such
as Chydorus and Eurycercus (Lindeman
1941; Frey 1971). Carnivores include C.
vernalis and C. bicuspidatus thomasi (Mc-
Queen 1969; Anderson 1970). Predators
on the microcrustaceans include some spe-
cies of Turbellaria and Naididae. The
naidid Chaetogaster diaphanus was ob-
served with large numbers of C. bicuspida-
tus thomasi and C. vernalis in its guts; occa-
sional C. sphaericus, B. longirostris, and
Alona spp., were also present. Microcrus-
taceans have been seen in the guts of sev-
eral species of turbellarians (Mozley pers.
comm.). Some species of nematodes may
also be carnivorous (Wetzel 1975). Spot-
tail shiners, yellow perch, trout perch, and
smelt feed along the bottom; during early
life stages, they prey heavily on copepods
and cladocerans. Alewives remain plank-
tivorous throughout their lives, consuming
euplanktonic and epibenthic forms. Ben-
thic animals such as Eurycercus are also
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consumed (Gannon 1972), possibly when
they enter the water column at night.

Microcrustaceans were more abundant at
9 m than at 6 m and were generally most
numerous in cores containing the highest
numbers of macroinvertebrates. These dit-
ferences are more readily explained in terms
of distribution of food than of predation. In
the absence of rooted vegetation along the
shoreline, the benthic community must de-
pend on the settling out of detritus from
the water columm and on benthic algal
production, both of which depend in turn
on stability of the lake bottom. Progres-
sively deeper regions of the nearshore area
arc progressively less susceptible to dis-
turbance by waves and currents and so ac-
cumulate more detritus and algae. On the
lake bottom in summer, detrital patches
were scarce in waters shallower than 9 m
but more abundant in deeper waters (Ayers
and Seibel 1973). Divers observed no silt
patches at any of the collection sites of
transect C but several along transect D
(Dorr and Miller 1975).

Several of the epibenthic and benthic
microcrustaceans that we found attain max-
imum concentrations in the eutrophic and
mesotrophic regions of the Great Lakes,
including A. affinis, C. sphaericus, E. lamel-
latus, and C. vernalis (Patalas 1972; Gan-
non 1972; Watson and Carpenter 1974).
The last two spccies were not observed in
Lake Michigan before 1954 (Wells 1960)
but since then have been commonly col-
lected in the plankton; however they are
abundant only in the shallow, eutrophic
areas of the lake. Eurytemora affinis, a
brackish-water calanoid was first detected
in Lake Erie in 1961 (Engel 1962) and is
now found in Lakes Ontario, Huron, and
Michigan. Although E. agilis, C. vernalis,
and C. bicuspidatus thomasi occur in a wide
variety of freshwater habitats (Anderson
1974), they arc also able to survive in
slightly (<1%o) to moderately saline (<10%.)
waters (Whittaker and Fairbanks 1958).
Paracyclops fimbratus, a species rarely re-
ported, was collected from a slightly saline
lake in the Columbia basin by Whittaker
and Fairbanks (1958).
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Many changes in the biota of Lake Michi-
gan have been documented since the early
1900s and arc believed to be associated with
the increased eutrophication of the lake
(Becton 1969). It is possible that with in-
creased eutrophication many pollution-
tolerant epibenthic copepods and clado-
cerans that are presently abundant near
the sediments may become increasingly
more common in the plankton and displace
less tolerant species. The epibenthic and
benthic components of the nearshore
aquatic community not only are significant
components of the food web but may be-
come useful as indicators of changes in the
cnvironmental quality of the nearshore area

of the lake.
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