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ABSTRACT

THE NEARSHORE ZOOPLANKTON OF LAKE MICHIGAN
ADJACENT TO THE LUDINGTON
PUMPED-STORAGE RESERVOIR

By
Walter G. Duffy

Inshore zooplankton distributions and densities
at six stations near Ludington, Michigan were investigated
from 29 April to 31 October, 1973 and from 10 May to 4
November, 1974. Samples were collected biweekly using a
pump and net method.

Distribution and abundance of major taxa (Cladocera,
Cyclopoida, Calanoida, Rotifera, and copepod nauplii) in
1973 and 1974 and species in 1974 were investigated at six
stations. In addition vertical distribution of species and
total zooplankton at one station on three dates in 1974 are
compared.

Distributions were generally comparable between the
stations for both years. Total zooplankton density did not
show large year to year variation, but composition of the
major taxa differed between years.

Two periods of zooplankton abundance were observed

"during both years. Density in spring was low but soon
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increased to a June maximum. A second period of abundance
was recorded in August of 1973 and July of 1974. Den-
sities in both years were low in September and showed
slight increases in late fall.

Total zooplankton were found concentrated at
different strata during different seasons. Certain species
exibited preferences for different strata of the water

column.
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INTRODUCTION

The purpose of this research was to determine
seasonal abundance and distribution of zooplankton in a
nearshore area of Lake Michigan adjacent to a pumped
storage reservoir. Zooplankton occupy a central location
in aquatic food chains. Although the zooplankton are not
directly utilized as a resource for man, they are the main
trophic link between algae and fish.

The distribution of zooplankton populations is
influenced by an array of chemical, physical, and bio-
logical variables. Of all the variables which affect
zooplankton, temperature, food, competition, and preda-
tion are believed to have the greatest impact (Brooks and
Dodson 1965; Hall, Cooper, and Werner 1970). Whether
these variables act independantly, additively, or syner-
gisticly is not clear in all cases.

Great Lakes zooplankton were viewed in past years
as a stable component of the aquatic ecosystem. Damman
(1966) noted gradual increases in total plankton counts
from Lake Michigan over a 33 year period. Studies con-

ducted by Wells (1960, 1970) dispelled the idea of



zooplankton stability in Lake Michigan. Wells noted
dramatic changes in species composition and size of the
zooplankton between 1954 and 1966. The alewife was
implicated as the cause of these changes. Studies by
Gannon (1972) revealed that species composition may
change considerably from year to year. Studies by Roth
(1973), Stewart (1974) and this study substantiate the

variability of year to year zooplankton composition.



A REVIEW OF LAKE MICHIGAN
ZOOPLANKTON STUDIES

Thirty one studies of Lake Michigan zooplankton
have been undertaken to date. Lake Michigan zooplankton
studies remain descriptive in nature. Earlier works
concentrated on taxonomy, while later works emphasize
distribution.

Birge (1882) described Cladocera found in the City
of Chicago water supply. Forbes (1882) described zooplank-
ton Crustacea collected near Racine, Wisconsin, énd
Chicago, Illinois, as well as in Grand Traverse Bay.

Ward (1896) included gquantitative information on plankton
from vertical net hauls in Grand Traverse Bay. Marsh
(1895), Jennings (1896), and Kofoid (1896) described the
Copepoda, Rotifera, and Protozoa respectively of Wards
examination of Grand Traverse Bay.

Eddy (1927) collected phytoplankton, Protozoa,
Rotifera, and Crustacea using net tows nearshore in
southern Lake Michigan. He obtained the first data on
seasonal distribution. In the first offshore study,
Ahlstrom (1936) added qualitative information on phyto-

plankton, Protozoa, and Rotifera in southern Lake Michigan.



Damman (1945) examined plankton in the City of
Chicago water intake from 1926 through 1942 and again
from 1943 to 1958, Damman (1960). Zooplankters were
identified to genus from 1926 to 1942 and total plankton
were recorded from 1943 to 1958. He conducted a similar
study of plankton from the city of Milwaukee, Wisconsin
water intake from 1940 through 1963 (Dammon 1966).
Williams (1962, 1966) identified rotifers to genus from
water intakes at Gary, Indiana, and Milwaukee, Wisconsin
in 1959 through 1961 and 1961 through 1962.

The first quantitative study of Lake Michigan
zooplankton vertical and seasonal distribution was con-
ducted by Wells (1960). He used a Clarke-Bumpus sampler
to sample at a station 13 km west of Grand Haven, Michi-
gan in 1954 and another 8 km west of Frankfort, Michigan
in 1955. Data on vertical distribution and seasonal
abundance were obtained. Wells (1970) resampled the
station 13 km west of Grand Haven in 1966 and 1968 using
identical methods at the same time of year. He noted
dramatic changes in species composition and size of zoo-
plankton between 1954 and 1966. Most larger species had
declined sharply, while those smaller species showed
increases in abundance. Alewife abundance in 1966 was
believed to be the causative agent. His data from 1968

gave evidence that the zooplankton were shifting back



toward pre-alewife (1954) compositions after the alewife
die-off of 1967.

McNaught (1966) and McNaught and Hasler (1966)
correlated vertical distribution and rate of movement in
relation to light quality at depths for several species
off Saugatuck, Michigan in 1964 and off Ludington, Michi-
gan in 1965. Lane and McNaught (1970) mathematically
analyzed McNaughts 1964 data and suggested that vertical
migration is the major mechanism for seperating niches
of omnivorous and herbivorous zooplankton in Lake
Michigan.

Robertson (1966) reported seasonal distribution
of diaptomid copepods in western Lake Michigan for 1964.
Robertson and Powers (1965, 1967) analyzed zooplankton
biomass measurements made during 1964 and 1966. Ayers
and Huang (1967) reported biomass measurements taken in
Milwaukee Harbor during 1964. Robertson (1968) employed
a Hardy continuous plankton recorder in Lake Michigan
in 1965 and 1966. Swain, Olson, and Odlaug (1968, 1970)
towed a continuous plankton recorder along the length of
Lake Michigan in July and August of 1966 and July and
October 1967. Data on horizontal distribution by genera
were presented. Manny and Hall (1969) presented mid-
summer zooplankton data taken near Grand Haven, Michigan

in 1968.



Gannon (1972) conducted the most comprehensive
study of zooplankton Crustacea to date. He sampled zoo-
plankton at stations in Milwaukee Harbor, 16 km east of
Milwaukee, Wisconsin, and in Green Bay. Data on horizon-
tal distribution of zooplankton on a transect from Mil-
waukee, Wisconsin to Ludington, Michigan were also pre-
sented. Seasonal distribution and abundances between
these areas was compared. Alewife predation on various
species was measured. Effects of eutrophication on the
zooplankton community was shown via comparisons between
stations.

Stemberger (1974) obtained data on seasonal
abundance of rotifers in Milwaukee Harbor and adjacent
Lake Michigan from July 1972 through June 1973. This
study added greatly to the limited data on Great Lakes
Rotifera.

Recently, several studies have focused on the
effects of power generating facilities on the Lake
Michigan zooplankton communities. Roth (1973) and
Stewart (1974) studied the zooplankton in the vicinity
of Cook Nuclear Plant, Bridgeman, Michigan in 1972 and
1973. This study of southeastern Lake Michigan continues
at this time. Industrial Biotest Laboratories (1973)
studied the effects of thermal effluents from power

plants in southwest Lake Michigan.



DESCRIPTION OF SAMPLING AREA

The inshore sampling area of Lake Michigan was
6.4 km (4.0 mi) south of Ludington, Michigan, adjacent
to the pumped-storage hydro-electric plant (Fig. 1).
Station one was 4.8 km (3 mi) south of the breakwall
(Table 1). Station one served as the control station
because this site was considered to be unaffected by
currents from the power plant. Station two was 1.6 km
(1 mi) south-southeast of the southern jetty. Station
three was .8 km (.5 mi) south of the breakwall. Station
four was about 2.4 km (1.5 mi) west-southwest of the
breakwall. Station six was 1.6 km (1 mi) north of the
northern jetty. Sampling station depths and bottom
sediment composition are shown in Table 1.

Deposition of bottom material at stations two
and three resulted in depth changes at these stations
between Novemher 1973 and April 1974. 1In 1974 the depth

at station two was six meters and at station three twelve

meters.



Figure l.--Map and location of sampling sites near the
Consumers Power Pumped-Storage Reservoir.



LUDINGTON

Marquette
Loke

T ©

///////% SAMPLING STATIONS

f Ludington Pumped
Storage Project

L

RESERVOIR

Boss
Loke

Loke ”""bl'oo”

- — o




10

‘W ZT 93IYy3 UOT3IL3IS 3B puR W 9 SeMm om3} uoTriels e yadep

U3 ¥L6T cHt

s)yo0x ‘pues 9 wOT LT 098 w0S PGS  of¥ 9
s)yoox ‘Toaeab ‘pues A wGE LT 098 w02 ¥S  of¥ S
31Ts Kske1o pue pues A3TTS ve w00 .62 098 w0E €S  of¥ 14
ToAeab ‘pues A w0 LT 098 S €S ofF €
pues 8 w0S 92 098 WGV 1TS  of¥ r4
pues A w02 LT 098 w00 TS oE¥ T
adAg (u) y3adea *buoT M *3eT1 N uotjels

*uoT3dTIOS9pP JUSWIPSS wo3lx3oq pue syidsoap ITaY3

‘s93Ts burTdwes JO UOTILD0T--°T°HTIAVL



11

Water Temperature

Water temperature measurements taken at stations
of three different depths are shown in Figures 2 and 3.
Unstable thermal conditions existed during both years due
to vertical movements of the thermocline, station four in
1974 being an exception. These "upwellings" are common
along the eastern shore and have been documented by vari-
our authors (Carr, Moffett, and Gannon 1973; Liston et.
al. 1974; and Siebel and Ayers 1974). Upwellings during
both years are indicated by temperature drops during
June through Septemeber in Figures 2 and 3. Siebel and
Ayers (1974) said, "Direct wind influenced upwelling is
thought responsible for the natural daily fluctuations in
excess of 12°F while a combination of factors seems a
palusible explanation for the smaller ranges." The
greatest upwelling occurred on 22 August, 1973. At the
shallow zones, temperatures dropped from 22°C on 15
August, to 5°C on 22 August. On 27 August water tempera-
tures were 20°C again. Another strong upwelling occurred
on 17 September 1973. Examination of Figure 3 illustrates
that 1974 water temperatures could he characterized as
being more stable in the June to September period. At
the deepest station (four) a thermocline developed in

June which persisted through September.
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Figure 2.--Surface and bottom water temperatures at
stations one, four, and six during 1973.
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Figure 3.--Surface and bottom water temperatures at
stations one, four, and six during 1974.
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A general year by year comparison reveals that
water temperatures were slightly greater in April, 1973,
and attained higher maximum values (23.0°C in 1973;
21.0°C in 1974). Natural variations in warm-up time,
maximum temperatures, and temperature stability existed
between years. These year by year fluctuations no doubt
influence primary and secondary productivity in the

lake.



METHODS AND MATERIALS

Field Methods

Zooplankton samples were taken between 7:0Q A.M.
and noon biweekly from 29 April through 31 October, 1973
and 10 May through 4 November, 1974 using a pump and
net method (Edmondson and Winberg, 1971). Adverse weather
sometimes dictated changes in the sampling schedule.
Duplicate samples were taken at depths of one meter,
four meters, and one meter above bottom at each station.
At stations two and six in 1974, only one and four meter
collections were taken.

The collection technique was as follows: (1)
100 liters of water was pumped through a number 20 mesh
(64u) nylon plankton net; (2) the samples were emptied
into sample bottles and preserved in 10% formalin; (3)
the preserved samples were allowed to settle at least
one week and were then aspirated down; (4) the 10%
formalin was replaced with 70% ethanol and several drops
of glycerol. After the concentration process samples

were approximately 5Qml in size. In 1974 several ounces

17
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of club soda were added to each sample prior to preser-
vation in formalin to relax the animals and minimize
distortion of taxonimic features, (Gannon and Gannon,

1975).

Laboratory Methods

The 1973 samples were enumerated to major groups
only; i.e., copepod nauplii, Calanoida, Cyclopoida,
Cladocera, and Rotifera using a counting wheel (Ward,
1955) and binocular microscope (magnification 7-60x).

Each sample was mixed using a magnetic stirrer with care
taken not to stir the sample faster than necessary.
After the sample had mixed a sub-sample of 5 to 10ml was
removed from the center of the sample using a 50ml
syringe, and the organisms were enumerated.

The 1974 samples were identified to species
using a binocular microscope (magnification 10-280x),

a compound microscope (magnification 100-400x), and a
chambered counting cell (Gannon, 1971). Each sample

was drawn off. ‘Sub—sample size was gauged so as to count
100-150 of the common species. When zooplankton were
abundant and the sub-sample was small, a second sub-
sample of 10ml was taken and only uncommon species were
enumerated.

Taxonomy follows Brooks (1959), Chengalath et. al.
(1971) Deevey and Deevey (1971), Pennak (1963), and Wilson

(1959).
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Statistical Methods

Estimaﬁion of zooplankton populations in the lake
depend on the preéision of the sampling method, random
distributi&n of assume subsampies enumerated in the lab-
oratory and errors of enumeration are random.

Mosely (1974) suggests that the effect of continued
sampling on pfecision of observations can be measured by
the formula D = s/ n x. Where D = units of precision,

s = the standard deviation, n = number of samples, and

X = the mean number of organisms in n samples. He says
that increasing the value of n (samples) will illustrate
the effect of continued sampling on precision, assuming

a good estimate of the standard deviation(s) is available.

This formula was applied to total zooplankton
data collected on 3 June 1974. The test was applied in
increments 6f sampling stations to determine the precision
gained as the number of stations increased. Results
imply that precision gained after 22 samples (4 stations)
is slight (Table 2). Because of the labor involved in
collecting and counting samples a reduction in total
samples is justified. This could also free the investi-
gator of excess labor and allow a more detailed analysis
of the data.

A test for randomness of subsamples and counting
errors was performed by removing 1Q replicate 2 ml sub-

samples from one 50 ml sample. Bosmina sp., nauplii,
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TABLE 2.--Precision of sampling method as number of
samples increases, where D = s/ n X.

Number of samples 6 12 16 22 26 32

D 0.45 0.30 0.26 0.22 0.20 0.18

Cyclops sp., and Diaptomus sp. were counted using proce-
dures identical to thos employed in 1974. Each subsample
was returned to the sample bottle following enumeration.
The Chi-square (xz) was used to test for randomness of
these data (Lune, Kipling, and LeCren, 1958). The four
taxa enumerated satisfied the condition of randomness

(Table 3).

TABLE 3.--Counts of 4 taxa of 10 replicate subsamples.

Organism Bosmina Cyclops Diaptomus Nauplii
1 62 39 28 90
2 59 34 29 77
3 42 43 22 89
4 61 43 27 93
5 45 39 14 103
6 51 28 31 91
7 50 33 16 70
8 49 44 16 96
9 44 45 19 103
10 50 42 25 101
Mean #(95%) 51.3%5.0 39.0+£3.8 22.7+3.9 91.3%7.9
x2 8.8 7.2 11.9 12.5

Data exhibit randomness if x2 < 16.92.
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When randomness of subsampling and counting
procedures is satisfied, accuracy of counts can be
estimated from confidence limits based on the Poisson
distribution. An examination of Table 4 shows that
accuracy is very low when counts are low (Table 4).

It is clear from Table 4 that a compromise
between accuracy of counts and labor spent obtaining

accuracy must be made.

TABLE 4.--Size of count and accuracy obtained.

Number of
organisms Expressed as percentage
counted of count Range
4 + 100% 0-8
16 + 50% 8-24
100 + 20% 80-120
400 + 10% 360-440
1,600 + 5% 1,520-1,680
10,000 + 2% 9,800-10,200
40,000 + 1% 39,600-40,400

SOURCE: Lund, Kipling, and LeCren, 1958.
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Permanant sampling stations are established so
that differences between these sites may be measured.
One of the problems encountered by zooplankton workers
is a large coefficient of variation between replicate
samples at stations (Roth, 1973). This has the effect
of destroying tests bhetween stations. Variances can be
reduced by logarighmic transformations (Elliot, 1972,
UNESCO, 1968). These transformed data can then be
treated with statistical methods designed for normally
distributed populations. After transformation, data
from the Ludington area did not satisfy the assumptions
for analysis of variance; i.e., variances remained
heterogeneous on all dates (Sokal and Rohlf, 1969).

Because of this, these data were treated by
Scheffe's interval for selected contrast. Scheffe's
interval is a pair-wise comparison of means and was
chosen because it can be modified to get approximate
answers when variances are heterogeneous (Gill, 1972).

This test is relatively insensitive to type I errors.



RESULTS

Total Zooplankton, 1973

Total zooplankton densities were low (7,000 -
30,000/m3) when sampling began on 29 April. Densities
increased steadily through May and June (Fig. 2). Maxi-
mum density observed at any station (316,000/m3) occured
on 13 June, however the mean density for all stations
was 134,000/m3 (Table 5). The maximum zooplankton
density for all stations combined (mean density 181,000/
m3) occurred on 30 June. Zooplankton abundance (8,000 -
53,000/m3) declined sharply in July, this decline was
followed by an increase in abundance (15,000 - 76,000/m3)
on 12 August. Densities in September were less than
10,000/m3 at all stations, a slight increase (10,000 -

l7,000/m3) was found in October.

Total Zooplankton, 1974

The same general pattern of abundance noted in
1973 was found in 1974. The period of maximum abundance
again was June. Densities recorded on 19 June ranged
from 149,000/m> to 247,000/m> (Table 6). By 1 July zoo-

plankton abundance (21,000 - 37,000/m>) had declined

23



24

Figure 4.--Seasonal density of total zooplankton at
station one in 1973 and 1974.
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Figure 4.--Seasonal density of total zooplankton at
station one in 1973 and 1974.
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TABLE 5.--Mean number of zooplankton/m3 in 1973 ranked
by increasing order of abundance at the sam-
pling stations. Means underscored by a common
line are not statistically different (P < 05).

29 April 1973

Station 1 2 3 4 5 6
Mean 6989 10446 13737 17128 21120 30893
Scheffe's

13 May 1973

Station 4 2 6 3 1 5
Mean 15812 31244 37143 41438 45480 46344
Scheffe's

30 May 1973

Station 2 1 3 5 4 6
Mean 32864 39852 53291 54436 59381 82414
Scheffe's

13 June 1973

Station 2 1 4 3 6 5
Mean 21096 60615 87562 139738 180397 316234
Scheffe's

30 June 1973

Station 4 1 3 2 5 6
Mean 122695 157539 181387 203329 211849 215214
Scheffe's

14 July 1973

Station 6 5 3 4 1 2
Mean 21538 23754 30710 34889 47671 60216
Scheffe's

25 July 1973

Station 6 1 2 5 3 4
Mean 8675 11329 17851 19123 25039 53874
Scheffe's
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TABLE 5.--Continued

12 August 1973

Station 6 5 4 2 3 1
Mean 15598 30251 33909 57510 60692 76057
Scheffe's

28 August 1973

Station 4 3 6 5 1 2
Mean 7837 8302 10745 13410 14675 15061
Scheffe's

8 September 1973

Station 4 5 2 3 6 1
Mean 3562 4958 6269 6691 7568 9294
Scheffe's

24 September 1973

Station 2 6 3 1 5 4
Mean 3458 5395 6236 6798 7990 8182
Scheffe's

31 October 1973

Station 3 1 2 4

Mean 10287 10967 13494 17271

Scheffe's
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TABLE 6.--Mean number of zooplankton/m3 in 1974 ranked
by increasing order of abundance at the sam-
pling stations. Means underscored by a common
line are not statistically different (P < .05).

10 May 1974

Station 1 3 4 2 5 6
Mean 18528 18740 20552 26960 30475 50026
Scheffe's

3 June 1974

Station 1 2 3 6 5 4
Mean 75629 83575 102632 105129 172910 227694
Scheffe's

19 June 1974

Station 2 6 5 1 3 4
Mean 149777 168990 210124 221932 224813 247083
Scheffe's

1 July 1974

Station 1 6 3 2 4 5
Mean 2180Q 24838 25965 26574 28746 37776
Scheffe's

15 July 1974

Station 6 4 5 3 1 2
Mean 46740 61603 89367 92429 9645Q 108536
Scheffe's

1 August 1974

Station 6 2 8 4 1 3
Mean 16819 30819 32842 32969 33369 36647
Scheffe's

20 August 1974

Station 2 1 6 3 5 4
Mean 19523 19739 20875 25330 27665 43064
Scheffe's

4 September 1974

Station 6 3 1 5 4 2
Mean 10814 13141 14901 16733 28257 36117
Scheffe's
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TABLE 6.,--Continued

13 October 1974

Station 4 6 2 3 5 1
Mean 13250 14632 19729 20196 20666 21392
Scheffe's

4 November 1974

Station 6 5 1 3 4 2
Mean 13543 16124 17504 19653 21110 22268
Scheffe's
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sharply. As in 1973 a second period of increased abun-
dance was noted, but occurred approximately one month
earlier (15 July) than in 1973. After July zooplankton
densities declined in August and remained relatively low

throughout the fall.

Composition of the 1973 and 1974 Zooplankton

Although total zooplankton densities were similar
in 1973 and 1974 considerable difference was found in
some major groups between years. Composition and seasonal
abundances of the zooplankton by major groups is dis-

cussed below.

Calanoida

Calanoida comprised a minor portion of the spring
and early summer zooplankton. They comprised from 1-21%
(Fig. 3) of the April-June, 1973 zooplankton and 1-9%
(Fig. 4) of the May-June, 1974 zooplankton. In August of
both years Calanoida became important constituents of
the zooplankton. They represented 12-49% of the August,
.1973 zooplankton and 8-38% of the August, 1974 zooplankton.
Calanoida remained prominant constituents of the fall
zooplankton in both years. Numerically Calanoida were
more abundant in 1973 than 1974 (Fig. 5). Maximum abun-

3

dance occurred (37,000/m™~ in 1973 and 16,000/m3 in 1974)

in August of both years.
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Figure 5 .--Composition of the 1973 zooplankton at station
one (1) Cladocera, (2) nauplii, (3) Calanoida
(4) Cyclopoida, and (5) Rotifera.
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Figure 6.--Composition of the 1974 zooplankton at station
one, (1) Cladocera, (2) nauplii, (3) Calanoida,
(4) Cyclopoida, and (5) Rotifera.
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Figure 7.--Seasonal density of Calanoida at staion
one in 1973 and 1974.
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Cyclopoida

In April and May of both years Cyclopoida com-
prised from 1% to 13% of the zooplankton (Fig. 3 and 4).
In June, the period of maximum density, they comprised
2-26% of the zooplankton. Through July and August
Cyclopoida generally comprised 3-14% of the zooplankton
although exceptions to this existed. Cyclopoida became
prominant members of the zooplankton in September through
completion of sampling in both years. In October, 1973
they clearly predominated the zooplankton, comprising
43-50% of the total. In October and November, 1974 they
represented 21-31% and 13-34% of the total zooplankton
respectively.

Although the percentage of the total zooplankton
Cyclopoida represented was comparable between years
numerical abundance was not. Maximum Cyclopoida densi-
ties in 1973 (15,000/m3) were about one fourth those
recorded in 1974 (56,000/m3). Differences in densities
were less pronounced after the June maximum abundance

period (Fig. 8).

Copepod nauplii

The spring zooplankton was predominated by copepod
nauplii. Copepod nauplii comprised 50-83% of the zoo-
plankton in April and May, 1973 and 31-73% of the total

in May, 1974 (Fig. 3 and 4). Maximum densities were
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Figure 8.--Seasonal density of Cyclopoida at
station one in 1973 and 1974.
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found on 3Q May, 1973 (21,000—47,000/m3) and 3 June, 1974
(12,000—78,000/m3). After this period copepod nauplii
declined both numerically (Fig. 9) and in the percentage
of the zooplankton they represented (10-30%). In the
period of August and September copepod nauplii comprised
a larger portion of the zooplankton (17-40% in 1973 and
11-48% in 1974). This was the result of lower densities
of other groups rather than an abundance of copepod
nauplii. Copepod nauplii declined in October of both

years.

Cladocera

In April and May of both years Cladocera were
scarce and comprised less than 1% of the zooplankton at
most stations. Cladocera were first recorded as abundant
in mid June in both years (Figs. 3 and 4). This reflects
the sudden appearance of large numbers of Bosmina

longirostris which comprised over 90% of the Cladocera in

June. Maximum densities (47,000-97,000/m3) of Cladocera
were found on 3Q June, 1973 (Fig. 10). They comprised
36-51% of the zooplankton on this date. Densities in
July, 1973 were 3,000-37,000/m> and still comprised 24-
71% of the zooplankton. After July numbers declined,
but Cladocera remained an important constituent of the

zooplankton.
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Figure 9.--Seasonal density of copepod nauplii at
station one in 1973 and 1974.
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Figure 10.--Seasonal density of Cladocera at Station
one in 1973 and 1974.
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In 1974 Cladocera densities increased sharply in
June, but failed to reach 1973 levels (Fig. 10). Clado-
cera comprised 8-24% of the zooplankton in June, 1974.
Maximum densities (l4,000-52,000/m3) were found on 15
July, at this time Cladocera comprised 29-51% of the zoo-
plankton. Cladocera comprised 10-30% of the August zoo-
plankton and generally made up 2-10% of the total in fall
samples. Numbers of Cladocera were lower in 1974 and

the period of maximum abundance was two weeks later.

Rotifera

Rotifera were the most abundant component of the
zooplankton, particularly in 1974. Considerable difference
in the percentage of the zooplankton Rotifera represented
was found between years.

In 1973 Rotifera densities were variable in spring
(300-14,000/m3) and comprised 7-47% (Fig. 3) of the April
and May zooplankton. Maximum densities (4,000-271,000/m3)
were found on 13 June (Fig. 1l1) and comprised 22-85% of
the zooplankton. After June Rotifera represented a rela-
tively minor portion of the zooplankton (1-5%) until 28
August when they comprised 8-43% of the total. Rotifera
densities declined after August to 100-300/m3 by 24
September and comprised under 5% of the zooplankton.

In 1974 Rotifera were abundant when sampling began

on 10 May and by 19 June maximum densities of 91,000-
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Figure 1l1ll.--Seasonal density of Rotifera at station
one in 1973 and 1974.



47

165

160

I55 -

|} | ] | ] | |} | § 1 ]
(s ] 0 0
s 3 ¢ $ 8 8 8

¢W/SONVSNOHL

0
IS5 -
10 -
S
o



48

lGl,OOO/m3 were recorded. Rotifera comprised 59-72% of
the zooplankton (Fig. 4) on 19 June. With the exception
of 4 September Rotifera comprised between 13% and 39% of
the zooplankton in the July to November, 1974 period.
Densities were generally 3,000—8,000/m3 over the entire
period, no marked decrease was noted in the fall of 1974.

Seasonal Abundance and Distribution
of Zooplankton Species, 1974

A total of 26 species of zooplankton Crustacea
(13 Copepoda and 13 Cladocera) and 9 genera of Rotifera
were collected in 1974. In addition 3 of the Rotifera
were identified to species (Table 7).

Five species of cyclopoid copepods were collected

--Cyclops bicuspidatus thomasi, Cyclops vernalis, Eucy-

clops agilis, Mesocyclops edax, and Tropocyclops

prasinus mexicanus. Cyclops bicuspidatus thomasi and

Tropocyclops were found on all sampling dates.
The most abundant copepod collected was C.

bicuspidatus thomasi. Adults reached maximum densities

(2,000-24,000/m>) on 3 June (Fig. 12). After June adults
decreased numerically through November. However, the
percentage of the zooplankton they represented was
greatest in July (3-17%) and they continued to represent

an important portion of the zooplankton through November.
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TABLE 7 .--Species list of 1974 zooplankton.

Cyclopoida

Cyclops bicuspidatus thomasi S. A. Forbes
Cyclops vernallis Fischer

Eucyclops agilis (Koch)*

Mesocyclops edax (S. A. Forbes)*
Tropocyclops prasinus mexicanus Kiefer

Harpacticoida

Canthocamputs sp.

Calanoida

Diaptomus ashlandi Marsh
Diaptomus minutus Lilljeborg
Diaptomus oregonensis Lilljeborg
Diaptomus sicillis S. A. Forbes
Eurytemora affinis (Poppe)
Epischura lacustris S. A. Forbes
Limnocalanus macrurus Sars

Cladocera

Bosmina longirostris (0. F. Muller)
Eubosmina coregonl (Baird)

Daphnia retrocurva S. A. Forbes
Daphnia galeata mendotae Birge

Daphnia longiremis Sars**

Daphnia schodleri Sars** "

Chydorus sphaericus (0. F. Muller)
Holopedium gibberum Zaddach

Polyphemus pediculus (Linne)
Ceriodaphnia quadrangula (O. F. Muller)
Diaphonosoma leuchtenbergianum Fischer*¥*
Alona affinis (Leydig)

Leptodora kindtii (Focke)
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TABLE 7 .--Continued.

Rotifers

Keratella cochlearis Gosse,
Keratella quadrata O. F. Muller
Kellicottia longispina (Kellicott)
Asplanchna sp.

Polyarthra sp.

Branchionus sp.

Trichotria sp.

Synchaeta sp.

Filinia sp.

Notholca sp.

*Rare species.
**Recorded as single individuals.
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Figure 12.--Seasonal density of Cyclops bicuspidatus
thomasi adults at stations one, four and
six in 1974.
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Immature Cyclops sp. were not identified to

species. However C. bicuspidatus thomasi comprised 99%

of the adult Cyclops sp. and Cyclops vernalis was found

only occasionally. Because of this it may be assumed that

most Cyclops copepodids are C. bicuspidatus thomasi.

Copepodids also reached maximum densities (1,000-31,000/m3)
on 3 June. Copepodids were usually more abundant than
adults and were found to have the same seasqnal abundance
trends.

Cyclops vernalis was recorded from June through

September. On all occasions it was present in low (100-

300/m3) numbers. Eucyclops agilis and Mesocyclops edax

were both rare, occurring as single individuals on

several dates. Tropocyclops prasinus mexicanus was

found in low densities (about 100/m3) from May through

July. In August T. prasinus mexicanus was common, maxi-

mum densities being over 600/m3. On 4 September only 2

individuals of T. prasinus mexicanus were found. In

October and November it was again common.

Harpactacoid copepods of Canthocamptus sp. were

collected occasionally in low numbers, less than 60/m3.

This benthic copepod was found at all depths.

Four species of Diaptomus comprised the majority
of the Calanoida. Immatures of the 4 diaptomids were not
identified to species. Immature Diaptumus sp. were

present in relatively low numbers (300-800/m3) in May.
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After May they became common to abundant. Maximum
densities (3,000—8,000/m3) were found in November.

Diaptomus ashlandi was common (300/m3) in May

samples, but densities were low through summer. In Sep-
tember D. ashlandi became common again and remained so

through November. Maximum densities of D. ashlandi

(300—800/m3) were recorded in September. Diaptomus minutus
became common in June and maximum densities (over 1,300/m3)
were found in August. October and November were periods

of lowest densities of D. minutus. Diaptomus oregonensis

was found in low numbers from May through August. It
then became common in fall. Maximum abundance of D.
sicilis (over 700/m3) occurred in November. Diaptomus sp.
adults were most abundant in August (Fig. 13) and in-
creased in abundance in the fall at most stations.

Three other calanoid copepods were found. To-
gether they usually comprised less than 1% of the zoo-

plankton, none were recorded as abundant. Eurytemora

affinis was not observed in May or September, on all
other dates it was present <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>