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ABSTRACT

Samples of zooplankton were taken by vertical haul from Bull 
Lake, Lincoln Co., Montana, from early June to late August, 1987. 
Four genera of plankters and the nauplii of the copepods were 
monitored to determine the approximate time of maximum 
population densities.

Results of the study showed that the total population was 
bimodal, with the first peak occurring June 20 in the adult 
plankters. The second population peaks occurred between July 25 
and August 20; the exact date varied among the four species. Nauplii 
peaked June 7 and July 25.

These temporal population changes are correlated to 
temperature and light-intensity data taken during sampling. A 
relationship between peak densities and these physical properties 
will predict population peaks for future seasons. This information 
would be used to estimate the proper time to plant fish in Bull Lake.
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INTRODUCTION

The study of population densities of Bull Lake zooplankton is 
of interest to the Department of Fish, Wildlife, and Parks in Lincoln 
County. The Department wishes to plant a species of salmon, 
possibly Kokanie, in Bull Lake. To plant the salmon at the optimum 
time, the Department would like to have an index of how much food 
is available to salmon fry at a given time. Therefore, I monitored 
four genera of crustacean zooplankton in Bull Lake, the water 
temperature at the time of sampling, and the amount of light 
available for phytoplankton over the summer months of 1987.

The four genera studied were Daphnia. Bosmina. Diaptomus. and 
CvcIops. The limnologist at the Libby Special Projects Research 
Station of the Montana Department of Fish, Wildlife, and Parks 
suggested that these crustaceans would be good choices for study, 
as they are the zooplankton that salmon and other fish feed upon. 
Also, these zooplankters are common in fresh water and are easily 
counted.

The population densities of the four genera and their nauplii 
have been calculated for each sample, and correlated to the 
temperature and light-intensity data to give an index of zooplankton 
availability for grazing by salmon. I wish to find an approximate 
date and mean water temperature at which the population densities 
of the zooplankton studied will be greatest.

Bull Lake, on which these studies were done, is a freshwater 
lake whose surface covers 1,250 acres. The lake is located at T29N 
- R33W in Lincoln County, Montana. It is fed by underwater springs 
and ten small creeks. The lake's only outlet is Lake Creek, located at 
the northernmost tip of the lake.

Bull Lake is about four and one half miles in length and is 
about two-thirds of a mile at its widest point. Its length is 
constricted near the middle to divide the lake into northern and 
southern halves. Angel Island, a man-made residential island, is 
located on the east shore of the lower part of the northern end. 
There are two public accesses to the lake, one at the southern end 
near Ross Creek and one near the northern end.
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This lake is home to several species of game fish, including 
trout (Salmo spp.), yellow perch (Perea flavescens) and largemouth 
bass (Micropterus salmoides). Several muskrat and great blue heron 
live on the shores, and an occasional moose can be seen in the 
shallows north of Angel Island. The surrounding area is 
mountainous and forested with pine, fir, larch, hemlock, and cedar, 
except where logged. The lake supports osprey that nest in the 
surrounding forest. The eastern shore is very shallow near Angel 
Island and borders Highway 56. This area is marshy and cattails 
grow there.

Bull Lake freezes in the winter, and its surface ice covers 
most or all of the lake's area. This ice can be as much as two or 
three feet thick. In summer, the water temperature reaches a high 
of about 25° C. This seasonal variability makes Bull Lake a popular 
recreation site throughout the year.
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LITERATURE REVIEW

Sommer (1985) described the regulation of zooplankton 
communities as a function of the grazing losses and competition 
experienced by those populations. He describes the development of 
competition as follows: First, spring turnover mixes nutrients into 
the water and causes an algal bloom; zooplankton feed on the algae 
in the early spring, and they in turn bloom during the spring months. 
The zooplankton populations increase as a result, until grazing by 
filter-feeders exceeds the rate of phytoplankton production; and as 
the zooplankters become food-limited, they decrease in both 
abundance and fecundity.

Sommer also notes that as grazing pressure by zooplankters 
decreases and nutrients are recycled by zooplankter excretion, a 
second phytoplankton bloom occurs. This time the bulk of the algae 
are larger in size, and it is harder for the zooplankters to graze on 
them. There is then a depletion of nutrients as the large algae use 
the available nutrients, and grazing pressure on the smaller algae 
decreases their numbers. As Sommer puts it, "phytoplankton 
edibility declines after the zooplankton maximum with a time lag of 
about one month..."

Hammer (1981) studied four saline lakes in Australia and 
found that the populations of a calanoid copepod peaked in one of the 
lakes in April, while in a nearby lake, low numbers were found in 
April, May and June. Another copepod was abundant in November. No 
relationship of density to primary production was evident to the 
author. A study of a Canadian oligotrophic lake by Moore (1981) 
showed that the crustaceans were most abundant in August, and 
"thereafter the standing crop of cladocerans dropped off rapidly 
whereas the density of copepods remained more or less constant."

In 1980, Corbet et al. found that their plankters of an English 
brickpit were influenced by external variables, such as light 
intensity, and the vertical distribution of each species varied with 
such factors. Population density was also cited as a cause for 
vertical migration. Prime (1986) stated that the "vertical 
distribution of ... mineral salts depends not only upon the
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temperature conditions but also upon the development and depth 
distribution of the planktonic community."

Zooplankton populations may be affected by the presence or 
absence of fish predation (Vanni, 1987). The densities of the 
plankton may be increased or decreased by predation, depending upon 
the species and the conditions of the predation. An increase in the 
mean size of the zooplankters may also result from lack of fish 
predation: in Vanni's study, three species of cladocerans attained 
larger body sizes when fish were excluded from their enclosures. 
Egg volume also appears to be lowered when fish are present in such 
communities.
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MATERIALS AND METHODS

SAMPLE COLLECTION
Zooplankton were collected with a 0.5 m diameter 

Wisconsin-type closing net with a 1-m filtering cone, constructed 
of 80 p Nitex netting. A 2-kg weight was attached to the collecting 
bottle to ensure swift vertical descent. All plankton hauls were 
made from an Achilles rubber boat with outboard motor. The 
plankton net was fastened to a metered nylon rope and allowed to 
sink vertically to the desired depth. Plankton were filtered as the 
net was retrieved by hand at a rate of approximately 1.0 m per sec.

One sample was taken at each sampling site on each date of 
sampling. Most sampling was done biweekly, and no samples were 
taken more than 3 wk apart. Sampling was done from June 7 to 
August 20, 1987. The filtered samples were poured into plastic 
sample jars immediately after retrieval. The collection bottle was 
washed with ethanol and the resulting solution was added to the 
filtered sample to kill and preserve zooplankton. These samples 
were then taken to the Libby Station within 48 hr to be counted.

Temperature data was taken with a waterproof 
temperature probe attached to a wire which was marked in feet. 
Water temperature was taken at the surface of the water and at 5-ft 
intervals, to a depth of 13.7 m at the south site and 10.7 m at the 
north site. The temperature at the depth of the probe was read on an 
LED monitor.

Light intensity was measured by photometer and Secchi 
disc. The Secchi disc was attached to a metered rope, and lowered 
over the shaded side of the boat. The depth at which the disc was 
visible, but below which it was not visible, was recorded. This data 
was used to calculate the compensation depth, the point at which 
oxygen production by photosynthesis balances oxygen use by 
respiration. Photometer readings were taken just above the surface 
of the water, just below the surface, and at 1-m intervals until the 
amount of light measured was 10% of that above the surface.

Temperature and light intensity data were taken 
immediately prior to the time of sampling. The time of day and
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weather conditions for this data are listed in Table 1, and Secchi 
disc data are listed in Table 2.

SAMPLING SITES
Two sites were chosen for zooplankton sampling on Bull Lake. 

The North Site was chosen near the deepest point of the northern 
section of the lake. This site was about 35 m from the west shore 
of the lake, approximately parallel with the public access at Dorr 
Skeels. The South Site was near the deepest part of the south end, 
about 100 m off the western shore. This site was approximately 
midway between Upham Creek and Noggle Creek, which flow into the 
lake from the east (Fig. 1). Neither of the sampling sites can be 
precisely described, as no buoy marker was used to mark the sites. 
Exact location was not considered as important as comparable depth.

COUNTING SAMPLES
At the Libby Field Station, plankton samples were analyzed by 

the following means:
1) A 4-in. plastic funnel with Nitex netting inserted into the 

sides and a 5-in. rubber tube, closed by a plastic clamp, was used to 
filter zooplankton samples. Samples were poured into the funnel 
with the tube clamped shut. Sample vial, label, and lid were rinsed 
into the funnel with pure ethanol to remove all zooplankton. Label 
information (site, date, haul depth, hour and elapsed time of haul) 
was recorded.

2) Zooplankton in the funnel were rinsed thoroughly with tap 
water to remove the ethanol. The funnel was then opened and all 
zooplankton were rinsed into a 500-ml graduated cylinder with tap 
water from a squirt bottle. Zooplankters were counted in water 
because they will float in ethanol, and an accurate subsample cannot 
be taken. Tap water was used to fill the graduated cylinder to 200 
ml; a squirt bottle was used to fill the last 10 to 20 ml for 
accuracy. The diluted sample was then poured into a large plastic 
beaker (2,000 ml), as the cylinder was rotated. To dilute the sample 
to a density that would facilitate counting, tap water was added to 
the diluted sample, 200 ml at a time, until the estimated density



8

was 80 to 100 plankters per 5 ml. This diluted volume was then 
recorded.

3) The diluted sample was stirred with the handle of a 
plastic spoon in a back-and-forth motion to evenly distribute 
plankton in the beaker. While plankton were still in motion, but not 
spinning, a 5-ml subsample was taken from the beaker with an 
automatic pipette. For statistical accuracy, five subsamples were 
counted from each diluted sample. The beaker was divided into 
imaginary fifths (Fig. 2), and the first sample was taken from the 
first fifth of the beaker, at the bottom of the sample. The second 
subsample was then taken from the second fifth of the dilution, and 
so on. These subsamples were taken from different parts of the 
beaker so that all zones of the beaker were sampled, to correct for 
any stratification of the zooplankters.

Figure 2: Division of zooplankton sample into subsampling areas.

The subsample collected in the pipette was then transferred to 
a circular counting tray and counted. All plankton samples were 
counted using a dissecting microscope at 20X. The number of 
plankton in each 5-ml sample was determined by visual recognition 

y and counting of plankton. The genera of plankton counted were
Daphnia., Bosmina. Diaptomus and Cyclops. Nauplii, the free- 
swimming larvae of copepods, were also counted as an indicator of 
future plankton populations. Plankton which appeared to have been
dead for some time (bleached and partial shells) were not counted.
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Daphnia thorata. a common cladoceran.

Bosmina lonairostris, a small cladoceran.

Cyclops spp., a cyclopoid copepod.

Fig. 3. Drawings of the four genera studied.
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RESULTS

The population densities for each site and genus were plotted 
against the time (in weeks) that the sample was taken. The first 
sample, taken June 7, 1987, was plotted at the point of origin. In all 
four genera, this first sample had low densities compared to 
subsequent samples. The nauplii, however, had a high density in the 
first sample, and this declined in the next two samples (Fig. 8). 
These results were consistent between sites, although the north 
site densities did not increase as dramatically from the first 
sampling to subsequent samples as did south site densities (Fig. 4- 
7).

In all four genera studied, there was a general drop in plankton 
density during the month of July (Fig 4-9). The Daphnia density 
dropped from 13.00 plankters per L at wk 2 (June 20) to 4.324 per L 
in the fifth wk (July 11) (Fig. 4). This decrease was repeated in all 
genera at both sites and in the copepod nauplii (Fig. 8), although 
Bosmina did not decline much at the north site (Fig. 5).

An increase in zooplankton populations occurred following this 
decline, but the date of increase is not as uniform. Daphnia peaked 
at August 10 in the south end and at August 20 at the north site. 
North-site populations of Bosmina increased dramatically from 
August 10 to August 20, while the south site population appeared to 
have peaked much earlier, at July 25. CvcIops peaked at both sites 
around July 25, while Diaptomus had a broad peak between July 25 
and August 10. Nauplii were most dense at both sites at the July 25 
sampling. Total zooplankton density peaked June 20 and July 25 at 
both sites, and the north site's total density was greater than that 
of the south site throughout the study (Fig. 9).

Temperature data were plotted separately for each sample 
date, with temperature in °C plotted horizontally against the depth 
in meters (Fig. 10). The south and north sites showed similar 
curves for temperature, and the water showed warming near the 
surface as the summer advanced.

Fig. 9 shows the graphs of temperatures taken on June 7, July 
11, and August 10. On June 7, both sites showed the metalimnion
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between 1.5 and 3.0 m. The epilimnion extends from the surface to 
1.5 m, and the hypolimnion begins at 3.0 m and extends to the lake 
bottom. By July 11, the metalimnion was found in deeper water, 
from 6.1 m to 7.6 m. The August 10 data showed thermocline 
between 7.6 and 9.1 m. As the metalimnion moved deeper, the 
epilimnion grew in size, extending to 7.6 m by August 10.

Light intensity data, from the photometer, was measured in 
foot-candles at a particular depth. Fig. 10 shows the graphs of light 
intensity vs. depth for June 7, June 20, and August 20. The north and 
south sites show similar curves, except the north site on June 20. 
The curves show a general decrease in the amount of light as the 
water deepens. Extrapolation of Fig. 10 gives the compensation 
level at about 9 m at either site, as the amount of light at that depth 
would be 1% or less of the light measured above the surface.
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Table 1. Time of day, weather conditions, Secchi disc readings, and 
compensation depths for samples collected from June 7 through 
August 20, 1987.

South Site: Secchi
Disc DeDth ComDensationDeDthDate Hour Weather

6-7 16:00 sunny 6.1 m 12.22 m
6-20 13:30 sunny 5.1 m 10.21 m
7-1 1 11:00 partly cloudy 6.0 m 12.01 m
7-25 13:00 cloudy, windyr 4.5 m 9.01 m
8-10 15:30 cloudy 6.0 m 12.01 m
8-20 14:00 sunny 6.0 m 12.01 m

North Site: Secchi
Date Hour Weather Disc DeDth ComDensation DeDth
6-7 17:00 sunny 5.3 m 10.61 m
6-20 15:00 cloudy 4.3 m 8.61 m
7-1 1 12:00 sunny 5.0 m 10.01 m
7-25 12:00 sunny 5.7 m 11.41 m
8-10 16:30 sunny 6.5 m 13.02 m
8-20 14:30 sunny 4.7 m 9.41 m

t
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Table 2. Zooplankton Densities in Bull Lake.

South Site:

Date

Sample 
Dilution 

in ml

Haul 
Depth 
in m DaDhnia Bosming

Density (#/L)
i DiaDtomus CvcIods Total

6-7 2200 14.0 1.067 1.245 2.134 25.34 29.79

6-20 2400 14.0 13.00 4.850 3.589 38.12 59.56

7-1 1 2200 19.0 4.324 0.917?J 2.539 17.89 25.67

7-25 1600 7.0 9.570 3.233 6.854 24.70 44.36

8-10 2000 5.0 15.77 1.056 7.016 20.90 44.74

8-20 2200 15.0 15.85 0.995?) 5.394 15.44 37.68

North

Date

Site: 
Sample 
Dilution 

in ml

Haul
Depth 
in m DaDhnia Bosming

Density (#/L)
i DiaDtomus CvcIods Total

6-7 2000 9.0 2.892 2.892 3.521 35.21 44.52

6-20 2400 10.0 9.506 5.432 12.63 70.48 98.05

7-1 1 2000 11.5 8.611 5.019 3.444 41.33 58.40

7-25 2300 10.0 17.70 1.562 5.857 74.83 99.95

8-10 2400 9.0 19.16 2.867 3.772 28.22 54.02

8-20 2200 9.0 33.47 10.24 3.596 16.18 63.49

• CORETTE LIBRARY 
I CARROLL COLLEGE
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Fig. 4. Density of Daphnia sp. in samples collected from June 7 through August 20, 1987.

South Site 
North Site

South Site 
North Site

Fig. 5. Density of Bosmina sp. in samples collected from June 7 through August 20, 1987.
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Fig. 6. Density of Diaptomus sp. in samples collected from June 7 through August 20,1987.
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Fig. 7. Density of Cyclops sp. in samples collected from June 7 through August 20, 1987.
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Fig. 8. Density of copepod nauplii in samples collected from June 7 through August 20, 1987.
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Fig. 9. Total zooplankton density in samples collected from June 7 through August 20, 1987.
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Fig. 10. Temperature data for samples collected June 7, July 11, and 
August 10, 1987.
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Fig. 11. Light intensity data from photometer readings taken June 7, 
July 11, and August 10, 1987.
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DISCUSSION AND CONCLUSIONS

This study showed that population densities for the two sites 
peaked at two dates, first at approximately June 20, 1987, and 
second at about August 20, 1987. This suggests that Bull Lake is 
bimodal for zooplankton populations. The total density of all 
zooplankton studied also reflects this bimodality.

The two sites studied showed variability in numbers of 
plankton at a given date and in the dates of their peak populations. 
The north site generally showed higher densities of plankton, and its 
second peak came later than that of the south site in Bosmina sp. and 
Daphnia sp. (Fig. 4-5). The south site's total plankton density was 
consistently lower, as shown in Fig. 10.

The main difference between the two sites is depth: the north 
site is 15 m at its deepest point, which is something of a hole in 
the lake floor, while the south end has a trough whose deepest point 
reaches 18 m. The north end of the lake is thus shallower, and the 
9-m compensation depth is often near the lake bottom. Below the 
compensation level, light penetration is too low for photosynthesis 
to occur; at the north site, phytoplankton may photosynthesize even 
near the bottom of the lake, perhaps resulting in less stratification 
of both phytoplankton and zooplankton. This is uncertain at this 
point, as no study of vertical migration has been done on Bull Lake.

The temporal occurrence of peak populations in Bull Lake might 
be correlated to the blooms of the lake's phytoplankton as suggested 
by Sommer (1985). When melting of winter ice occurs in March, the 
bloom of algae may be set into motion, and the subsequent 
zooplankton bloom does not occur until June. The date of the first 
zooplankton peak will depend upon the water temperatures for the 
season.

Grazing pressure by the large zooplankton population that 
occurs in mid-June depletes phytoplankton numbers, so the 
zooplankters become food-limited. This is reflected in the decline 
in population densities between June 20 and July 25. With the 
zooplankton decline, phytoplankton again become abundant, as 
grazing pressure is released and nutrients are recycled. As the
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algae begin using up their nutrients, however, a phytoplankton 
succession is expected. Zooplankters possibly respond to this 
succession differentially, as indicated in the temporal variability of 
the onset of the second peak.

Further study, over several seasons or an entire year, would 
give a better approximation of the dates of the two population peaks 
and show the effects of overturn on the plankton populations.

Temperature data taken during this study indicate 
stratification zones in Bull Lake. Light intensity data give a 
consistent extinction depth for both the north and south sites, and 
compensation depths are also consistent where weather conditions 
were similar. Considering the weather variability that may occur in 
the time it takes to travel by boat between sites, and the seasonal 
variability that may occur from year to year, temperature and light 
intensity data may not be valid indices of total zooplankton when 
sampling is done only biweekly. More reliable indicators of a 
coming population surge could be primary productivity and the 
concentration of phosphorus, nitrate, and silicon, as suggested by 
Sommer (1985) to follow nutrient availability.

Kratz (1987) suggested another use for data obtained from 
studies such as this. His paper infers the relative importances of 
various processes that may be operating in an ecological system 
from long-term studies of abundance patterns. Kratz states that 
whether abundance of zooplankton varies strongly between sites or 
over the years can indicate the degree to which weather and 
ecological processes are at work in the system. Further study of 
Bull Lake is recommended for proper understanding of the forces 
that regulate zooplankton population in this lake.

The light and temperature data and their results are not used 
here except to note the similarities between the two sites. 
However, these data have not been studied previously for Bull Lake, 
and may be of use for further plankton population studies, long-term 
limnology of Bull Lake, or as general characteristics of the lake.

This study found that zooplankters in Bull Lake reach peak 
population densities at two times during the summer months, mid-



21

June and mid-August. At these dates the available food for salmon 
and other fish is at its highest.
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