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Rates of birth, death, and population change were calculated

for Daphnia Diaptomus sicilis, and Cyc1ps bicuspidatus

thomasi in East and Paulina Lakes during the summer of 1968. These

three species were the most abundant zooplankters in the limnetic

zone of both lakes at that time, The rates were calculated with an egg

ratio method. Egg development times were estimated for D. pulex

and Diaptomus sicilis by holding egg-bearing individuals at various

constant temperatures until hatching took place. The birth rates of

D pulex were similar in the two lakes, but D. was up to five

times more abundant in East than in Paulina Lake, Predation by trout

on fl puiex may be less intensive in East than in Paulina Lake,

Bottom foods in East Lake provide an important food source that is

less abundant in Paulina Lake, The copepods Diaptomus sicilis and

C. usidatus thomasi reached approximately equal population

maxima in the two lakes, However, the maxima for both species

Redacted for Privacy



occurred in early summer in East Lake and in late summer in Paulina

Lake. The copepods had similar birth rates in the two lakes, but eggs

were present at different times, Copepods increased in numbers

during the summer in Paulina Lake and decreased in numbers during

the same time in East Lake. Selective predation by fish may have

caused the different population trends in the copepods.
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A COMPARISON OF THE REPRODUCTIVE
RATES OF ZOOPLANKTON IN EAST

AND PAULINA LAKES

INTRODUCTION

The primary objective of this investigation was to study the

dynamics of the limnetic zooplankton populations of two adjacent lakes.

A secondary consideration was the determination of the feasibility of

using population rate measurements to characterize the differences

between lakes.

The species of limnetic zooplankton are an important segment of

the biota of a lake ecosystem and receive considerable attention during

most limnological investigations. It is typical to report only their

abundance as numbers per unit volume. This measure identifies the

more abundant species but tells nothing of the role of each species in

the trophic relations of the lake at different times of the year. A

large static population may be of relatively minor importance as a

prey species while at the same time a smaller population with rapid

reproduction and a high rate of predation may be an important prey

species. Measurements of the rates of birth, death, and population

change can identify when and to what extent each species is important

in the trophic structure of a lake,

Population rates also enable one to isolate factors that may be

controlling the dynamics of a population. Correlations between
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population rate maxima and existing ecological conditions point to the

factors affecting the populations, Edmondson, Comita and Anderson

(1962) found that increases in the reproductive rates of three species of

copepods accompanied or soon followed increases in phytoplankton.

Wright (1965) found birth rates (b) of Daphnia schodleri positively

correlated with chlorophyll concentration in Canyon Ferry Reservoir,

Montana. He reported losses by predation greatest when there was a

high density of kindtii, The reproductive rates of rotifers

studied by Edmondson (1965) varied in relation to the abundance of

food organisms and with temperature.

A method described in detail by Edxnondson (1960) that relies on

a measure of the ratio of eggs per female in the population was used

in my study to calculate the reproductive rates. In addition to the

studies already mentioned, this method has been applied to a cyclopoid

copepod by Lenarz (1966) and to a cladoceran species by Hall (1964).

The most abundant limnetic zooplankton species of East and

Paulina Lakes, Oregon, the cladoceran Daphnia Leydig, a cala-

noid copepod Diaptomus sicilis Forbes, and a cyclopoid copepod

Cyclop bicuspidatus thomasi Forbes, were selected for this study. 1

'The three species involved in this study will subsequently be referred
to by their generic name only.
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STUDY AREA

East and Paulina are caldera lakes of recent origin located in

Newberry Crater in central Oregon. Newberry Volcano collapsed

between 20, 000 and 25, 000 years ago when support for the higher

slopes was removed by the loss of lava through subsidiary vents

(Williams, 1948), Volcanic activity continued during the interval

between collapse and 2, 000 years ago. It produced a ridge of cinder

cones and lava flows 1. 9 km wide and divided the caldera into two

basins. Phillips (1968) estimated that the lakes were near their present

levels 2, 000 years ago when major vo]canic activity ceased. Small

thermal springs are still active in both Lakes, but these may be

waning in activity.

The lakes have no permanent inflowing streams and only Paulina

Lake has a permanent surface outlet. Snowmelt, percolating through

the porous volcanic material of the basin, is the principle source of

water (Phillips, 1968). Phillips considered East Lake to be a hydrau-

lically separate entity even though it is topographically tributary to

Paulina Lake. The vegetation of the caidera is dominated by lodgepoLe

pine. Lying at an elevation of approximately 1930 m, the lakes

experience severe winters and have ice cover for up to six months.

East and Paulina Lakes differ significantly in volume and mean

depth (Table 1). The basin containing Paulina Lake is steep walled with

a very small littoral area and little rooted vegetation (Figure 1). In



Table 1. A comparison of selected morphometric and physical characteristics of East and Paulina
Lakes, Oregon.

Characteristic East Lake Paulina Lake Source

Surface elevation (mean) 1931 m 1930 m Phillips (1968)
A.rea (high level) 4, 17 km2 6. 16 km2 Oregon State Game

Commission (un-
published data)

Volume (high level) 0.084 km3 0. 316 km3 H

Maximum depth 51.9 m 76. 9 m
Mean depth 18.3m 51.Zm Calculated
Shoreline length 9,2 km 11.0 km Oregon State Game

Commission (un-
published data)

Shoreline development 1.27 1.25 Calculated
Volume development 1. 1 2. 0 Calculated
Secchi disc depth 8m (7/11/68) 7.6 m(7/1Z/68) Larson (unpublished

data)
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Figure 1. Bathymetric map of Paulina Lake (modified from Oregon
State Game Commission), indicating position of collecting
stations by numbers, Depth contours in meters.
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In contrast, the basin of East Lake slopes gradually from the west and

south shores and has an extensive littoral area with abundant rooted

vegetation (Figure 2). Both lakes were thermally stratified during the

summer of 1968. The upper boundary of the metalimnion was located

between nine and ten m in each lake.

East and Paulina Lakes have high mineral contents, probably the

result of the addition of minerals from the thermal springs (Table 2).

Primary production was measured for a single date in each lake

during the summer of 1968. Primary production was more than twice

as high in East Lake as in Paulina Lake (Table 2).

Table 2. A comparison of the surface water chemistry and primary
productivity of East and Paulina Lakes
mary production from unpublished data
Lars on).

(chemistry and pri-.
supplied by D. W.

East Lake Paulina LakeFeature 7/11/68 7/10/68
Alkalinity 105. 6 327. 36

rng/l as CaCO3

Totalhardness 115.0 234.6
mg/i as CaCO3

pH 7.9 8.4
Specific conductance 362. 62 570. 91

mhos /cm2

mg12C/m2/hr (15 m) 59.6 24.68 (7/12/68)

Both lakes were without fish until they were stocked with trout

by the Oregon State Game Commission. At the present time Paulina

Lake contains rainbow trout (Salmo gairdneri), which are stocked
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Figure 2. Bathymetric map of East Lake (modified from Oregon
State Game Commission), indicating position of collecting
stations by numbers. Depth contours in meters.
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annually, and the tui chub (Gila bicolor), which was probably introduced

by fishermen, Rainbow trout and brook trout (Salvelinus fontinalis)

are stocked annually in East Lake. Brown trout (Salmo trutta) main-

tam a small population in East Lake, along with populations of the tui

chub and the blue chub (Gila caeruba).
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Plankton Collection

Zooplankton were sampled at intervals from 20 June to 24

September 1968 in East Lake, and from 12 July to 24 September 1968

in Paulina Lake, Two centrally located stations (5 and 8) in East Lake

(Figure 1) and three centrally located stations (5, 7, and 9) in Paulina

Lake (Figure 2) were sampled on each collecting date. On two collect-

ing dates in each lake (20 June and 24 September in East Lake, and 1

August and 24 September in Paulina Lake) 12 stations (Figures 1 and

2) were sampled. A third 12-station collection in each lake (4 August

in East Lake and 12 July in Paulina Lake) could not be completed due

to inclement weather. The 12-station collections included the centrally

located stations in each lake.

Plankton collection in both lakes consisted of vertical tows for

all the samples. The vertical tows in East Lake were from the bottom,

those in Paulina Lake were from the bottom or 40 m. Wind which

caused the boat to shift at anchor made it impossible to retrieve the

net vertically from a depth greater than 40 m. Sampling was restricted

to calm days as much as possible.

Zooplankton were sampled at night on 30 August in East Lake and

31 August in Paulina Lake. The collections were made between 9 and

10:30 PM each night at the central stations. These collections
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consisted of a series of vertical tows of five m increments from the

surface to 25 m. A tow from the bottom in East Lake and from 40 rn in

Paulina Lake accompanied each series and served as the regular

collection for that date. A similar series of vertical tows was made

during daylight hours on 21 August in. East Lake and on 9 August in

Paulina Lake.

Samples were collected with a No. 20 mesh (0. 067 mm aperture)

Wisconsin type net having a 24. 1 cm opening. The net was weighted

from below to make it sink rapidly and hold a vertical line. It was

retrieved at a rate of 1 m per second.. All samples were duplicated

except the tows made in series. Specimens were preserved in 3%

formalin.

The collecting efficiency of a No. 20 net is limited and variable.

Ricker (1938) found a No. 20 net to vary in collecting efficiency when

several tows were made in succession and over longer periods of time

as the net aged. Backflushing, which results from clogging of the net,

was observed to occur during my study. A swell of water preceded the

net as it was retrieved to the surface. Phytoplankton were probably the

major cause of clogging. If phytoplankton were concentrated in the

euphotic zone of the lakes, a vertical tow with the net starting below

this zone would vary in efficiency over the distance of the tow. Net

efficiency would also vary with seasonal changes in the abundance of

phytoplankton. These problems made the assessment of collecting
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efficiency very difficult. I made no attempt to determine my net's

efficiency. For a measure of absoLute abundance these limitations may

he serious, however, because of the comparative nature of this study

only the phytoplankton variation between lakes is a serious effect.

The amount of phytoplankton, as observed in the collecting jars, was

similar for the two lakes.

Plankton Counting

The preserved samples were adjusted to workable volumes and

three one-mi subsamples were removed one at a time, each subsample

being replaced before the next was taken. Each subsample was counted

in a shallow chamber 8. 5 by 5. 5 by 0. 3 cm, constructed from poly-

ethylene plastic. A grid of squares was scratched on the counting

surface and strips of nylon monofilament fishing line were glued to the

vertical lines of the grid to form columns in the chamber. The ridges

produced by the monofilament prevented specimens from shifting in

the chamber and premitted rapid enumeration of the specimens. Count-

ing was done with a binocular microscope. The individuals and the eggs

of the three species of interest were counted for each collecting date.

Young Daphnia that have just been released from the brood

chamber of the adult are similar in appearance to an individual in the

late stages of development within the brood chamber. The preservative

caused the carapace of many adults to expand and release developing
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eggs that were present. Thus, newborn young and those in late stages

of development were loose in the counting chamber. These two types

were differentiated on a subjective basis, By comparing newborn

young with developing eggs contained in unexpanded specimens the two

types could be distinguished with reasonable certainty. Daphnia eggs

could be distinguished from other zooplankton eggs by their yellow to

yellow-green color, oval to round shape, and large size. All Daphnia

capable of free swimming were counted as adults.

I lacked the familiarity with the immature stages of copepods

needed to analyze the juvenile instars. Copepods were separated to

species as soon in their life cycle as they could be recognized. This

occurred at the first copepodid stage. Nauplii of Diaptomus and

Cyclops were assigned together as copepod juveniles. The copepodid

stages of the two species of copepods were distinguished by the length

of the first antennae and segmentation of the body. Eggs of Diaptomus

are larger than those of Cyclops and are carried in a flat cluster. The

eggs of Cyclops are carried in an ovoid cluster.

The counts of eggs and individuals are presented as the average

number per tow. Averages were caLculated for the three central

stations for Paulina Lake and the two central stations for East Lake.

The counts were not presented on a volumetric basis because the net

tacked a metering device and undoubtedly varied in its collecting

efficiency. Also, the samples from East Lake were not made from the
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same depth at each station.

Egg Development Time

The incubation time of the eggs of Daphnia and Diaptomus was

estimated by holding ovigerous females at various constant tempera-

tures. Egg-bearing females of Cyclops were not abundant enough

during this phase of the study to permit incubation work. Egg-bearing

individuals were collected from East Lake on 6 June and 26 June 1969.

The specimens were transported to Oregon State University in gallon

jars packed in snow and ice within an insulated chest. The time during

which the specimens were in transport (maximum six hours) was

considered development that occurred in the lake.

The ovigerous females were selected individually from a shallow

dish placed over a white surface, They were incubated in lake water

in glass test tubes 100 mm long by 14 mm in diameter. Each tube was

filled with water to a depth of approximately 20 mm and then placed in

a constant temperature. The specimens were not fed nor was the water

changed during incubation. The temperatures used for the incubation of

Daphnia were 20, 12, 6, and 5 C. The mean variation of the constant

temperature was less than I C. Ten egg-bearing individuals of

Daphnia were held at each of the four temperatures. The specimens

at 20 and 12 C were observed three times daily, those at 6 and 5 C

were observed twice daily. Hatching was ascertained by observing the
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free swimming young with a lox hand lens. The data from four

individuals were not used because their eggs had not hatched after a

reasonable length of time.

Egg-bearing females of Diaptomus were handled in the same

manner as those of Daphnia. Ten specimens of Diaptomus were

incubated at 20, 17. 5, 5. 8, and 4. 5 C in one incubation series and at

20, 12, 6, and 5 C in a second series. The eggs of three individuals

did not hatch after a reasonable length of time.

Since it was not possible to begin incubation precisely at time

of egg laying, an indirect method was employed to calculate the

development time. The individuals collected from the lake were in all

stages of development. Therefore, the average of the development

after isolation in a constant temperature would be about one-half the

total development time at that temperature. The average development

time in days for groups of ten egg-bearing individuals at each tempera-

ture was doubled to give the total estimated development time. In

order to obta.in a predictive equation for the development of the eggs of

Daphnia and Diaptomus, the temperature-specific development times in

days were converted to reciprocals and a linear regression equation

was calculated (Figure 3),

Lake Temperatures

Temperature influences the reproductive rate through its effect
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Figure 3. The fraction of egg development time per day at various tem-
peratures withthe linear regression equations and correlation
coefficients for three species of zooplankton. Daphnia
pulex and Diaptomus sicilis from East Lake, Oregon.
Cyclops scutifer from Lenarz (1966).
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on the rate of development of plankton eggs. Lake temperatures over

the depth occupied by the plankters are needed to calculate the repro-

ductive rates, Thermal profiles were taken on each day that a

thermister was available. Thermal data are not available for several

dates of zooplankton sampling in each lake. The average temperature

of the depth occupied by the zooplankton was calculated for each

collecting interval in each lake (Table 3). The mean temperature of a

desired depth was obtained by taking the average of the mean tempera-

ture for each 5 m increment to the desired depth. Missing

temperatures were interpolated when temperature data were available

for adjacent dates. When missing temperatures could not be inter-

polated estimates based on the trend of the temperature before or

after the desired date were used.

Table 3. Average temperatures, C, for depth and time intervals in
East and Paulina Lakes, 1968.

East Lake Paulina Lake
Time interval 0-25 m 0-15 m Time interval 0-25 m 0-20 m

6/20-7/ 7 10. 1a 12. 3a 7/12-7/21 10. 1b

7/ 7-7/20 10.7 13.9 7/21-8/ 1 11
0b

12 5b

7/20-7/28 11,5 15.2 8/ 1-8/ 9 11.6 13. 1

7 /28-8 / 4 12.0 16.0 8 / 9-8 /23 10, 8b 6b

8/ 4-8/21 114a 157a 8/23-8/31 108a 12. 1a

8/21-8/30 11,4a 14,7a 8/31-9/24 109a 113a

8/30-9/24 11. 5a 13. 7a 9/24 104a 5a

/24 105a 130a

Estimated temperatures
3lnterpolated temperatures
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Reproductive Rates

The formu1ation B = (1 /D)(E) was used to obtain a finite rate of

egg laying. The number of newborn occurring during a specified inter

val of time for a specified segment of the population is denoted by B.

The ratio of eggs to the specified segment of the population is denoted

by E, and 1 /D is the fraction of egg development occurring in one day.

The finite rate of egg laying, B, was used to obtain an instan-

taneous rate of egg laying, b, from the relationship: b = n(B + 1).

The instantaneous rate may be considered as the potential of the popu-

lation to increase. Deaths from all causes prevent the population from

attaining its potential. In lakes with an outlet, emigration is another

possible loss. The outlet of Paulina Lake was sampled and loss via

this route was very slight. This loss was disregarded in all future

calculations.

The interplay of births and deaths results in a continuously

changing population. The rate of population change, r, can be computed

if the instantaneous birth and death rates are known: r b d. In

actual computation r and b are calculated by separate methods and d is

derived from the difference: d = b - r. A form of the instantaneous

population growth equation, Nt = N ert, was used to compute r:

r=
nNt - 1?nN0

t

The average number per tow present at one collection is denoted by



N, and the average number per tow present at the succeeding collec-

tion is denoted by N. The time interval in days is t.

The use of the instantaneous population growth equation is

governed by two assumptions. One assumption is that reproduction in

the population is continuous and the other assumption is that the age

structure of the population remains constant. These assumptions are

not valid for long periods of time in most zooplankton populations. In

fact, it is the magnitude and direction of the changes in the population

that are of interest. A short time interval between collections will

mediate the effect of the invalid assumptions and allow this method to be

used.

Hall (1964) points out that r (rate of population change in my

study) was originally defined under stable age conditions, but that

the equation: N Nert may be applied to a population without a

stable age distribution. When there is a stable age distribution, r is a

constant, and without a stable age distribution r is a continually chang-

ing value.

Since the mature females were not distinguished and counted

separately for the three species of interest, values for E were based

on a selected segment of each population. Daphnia reproduces

parthenogenically, therefore the population is composed entirely of

females for much of the reproductive season. In Daphnia there is a

variable number of juvenile instars before egg-laying maturity is
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attained. Values of E for Daphnia were based on all immature and

mature females present at each collection.

Copepods have sexual reproduction and therefore males are

present in these populations. Male and female copepods can be dis-

tinguished with varying amounts of difficulty depending on the species.

Since the copepodid stages were grouped together for each species, no

attempt was made to distinguish males and females for Diaptomus and

Cyclp. The value of E for these two species is based on the cope-

podid stages including both males and females. Edmondson, Comita

and Anderson (1962) compared the calculation of reproductive rates

with E being based on all copepodid stages including males and females

with a calculation based on mature females only. The two methods

revealed similar population trends.

The fraction of egg development occurring in one day (1 ID) was

derived from the linear regression equation for each species. The

average temperature for a particular time interval over a desired

depth interval (Table 3) was substituted into the equation to obtain a

specified rate of development. Since Dphnia was confined to the upper

15 m in East Lake and the upper 20 m in Paulina Lake, the average

temperature for these depths was used. The average temperature for

the upper 25 m in each lake was used for Diaptomus and Cyclops. For

each species E was derived from the count of individuals (copepodids

for the copepods) and eggs of each collection.



RESULTS

Egg Development Time

The rates of development of the eggs of Daphnia and Diaptomus

were very similar (Figure 3), The temperature-specific development

time for Cyclops could not be determined, thus the data of Lenarz

(1966) for Cyclops scutifer were used to estimate the reproductive

rates for Cyclops. The temperature-specific development times

determined for these species are in general agreement with the

published data on other limnetic zooplankton (Table 4).

Temperature was the only factor I considered to have influenced

development time. Hall (1964) found that a wide range of food levels

had no effect on the development of the eggs of Daphnia galeata

mendotae at various temperatures. Elster (as reported in Hutchinson,

1967) found that changes in the pH and cation content over a range

found in the habitats of Eudiaptomus gracilis had no effect on the rate

of embryonic development.

Vertical Distribution and Thermal Exposure

In a lake that is thermally stratified zooplankton would be

exposed to a wide range of temperatures if they underwent extensive

vertical migration or if their distribution extended through the meta-

limnion. Information on the thermal exposure of the species of



Table 4. Tamperature-specific development time in days for various species of limnetic zocplankton.

COPEPODS

CALANOID CYCLOPO1D CLADOCERANS
Temperature Mixodiaptomus Acanthodiaptomus Eudiaptomus Diaptomus Diaptomus Cyclops Daphnia galeata Dii imia

C lacinatusa denticomisa gracilisa sicilisb sjcilisb ScutiferC mendot' pu1e

45 20.8 18.0 20.6
5 16 21 19 15.6

5.8 20.4 15.4
6 18.0

7 15.9
10 7.5 9.5 8

11 8.0
12 4.4 7.0
12.5 11.0

15 4.0 5.5 4 4.5
15.8 7.0

17.5 4.6

20 3.0 3.5 2.5 4.4 3.8 2.6 3.4

a1 from graph in Edmondson, Comita, and Anderson, 1962; original data from Eichorn, 1957.
b

Present study.

CData from Lenarz, 1966.

dData from Hall, 1964.
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interest is needed in order to calculate a rate of development for the

plankton eggs. The vertical tows made in a depth series on both lakes

were used to gain information on thermal exposure.

The species of interest were found not to extend below 25 m in

either lake at the time of the sampling (Table 5). This depth included

the rnetalimnion. There was no significant difference at the . 05 level

of significance between the average of the 25 and 40 m or bottom tows

in the two lakes (Tables 6 and 7), indicating that the zooplankton were

concentrated above 25 m.

Vertical migration would be difficult to detect with the sampling

employed, unless movements occurred on a large scale. Migrations

were not detected in either lake when day and night vertical series for

each lake were compared. Therefore, the depth distribution presented

is an average of the day and night collections. On the evening of 12

September 1968, I observed tremendous numbers of Daphnia at the

surface in a small cove on the west shore of East Lake. This observa-

tion took place at 6:30 PM, when the sun had been off this part of the

lake for about one-half hour. The individuals were dense enough to

obscure view of the bottom, normally visible in the clear water. No

other massing at the surface was observed in either lake. This

observation indicates that vertical migration did occur in East Lake

but was not detected by sampling.

Egg-bearing individuals may not have the same depth distribution



Table 5. Average depth distribution of three species of zooplankton in East and Paulina Lakes,
expressed as average percent of total for each 5
collections combined.

m increment in depth. Day and night

East Lake Paulina Lakeinl Daphnia Daphnia Diaptomus Cyclops Daphnia Diaptomus çyclops
pulex pulex sicilis bicuspidatus pulex sicilis bicuspidatus

eggs thomasi thomasi

0- 5 36.2 35.7 29. 0 20. 2 30. 3 37. 7 15. 2

5-10 41.9 34.4 24.2 12.5 36.4 28.0 18.5
10-15 19.4 26.9 16.3 50.4 17. 9 15.6 31. 9
15-20 0 0 20.7 1. 1 15.5 12. 9 26.3
20-25 2.5 3. 1 9.8 15. 9 0 5. 9 8. 1

N.)
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Table 6. A comparison of the average number of zooplankton per tow
of the 25 and 40 m tows from Paulina Lake. Average is for
three stations on 8/9 and for two stations on 8/31.

Cyclops bicuspid-
Date Daphnia pulex Diaptomus sicilis atus thomasi

25m 40m 25m 40m 25m 40m
8/ 9/68 2772 2434 19600 17989 7139 6200

8/31/68 2250 2500 23863 22800 4763 4750

Table 7. A comparison of the average number of zooplankton per tow
of the 25 m and bottom tows at two stations in East Lake.
Bottom was approximately 27 and 47 m at the two stations.

Cyclops bicuspid-
Date Daphnia pulex Diaptomus sicilis atus thomasi

25 m bottom 25 m bottom 25 m bottom

8/21/68 5388 4850 6350 5963 1463 1500

8/30/68 7525 6492 4571 3867 709 1017
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as other members of its species,, and therefore, the thermal exposure

of the eggs would be different from that of the remainder of the popula-

tion. Only the egg-bearing individuals of Daphnia in East Lake were

abundant enough during the vertical series to ascertain their depth

distribution (Table 5). The depth distribution of the eggs did not differ

appreciably from that of the Daphnia population. For the subsequent

calculations it is assumed that egg-bearing individuals of all three

species had the same depth distribution as reported for the entire

population. It is also assumed that the depth distribution of the popu-

lation did not change during the study period.

Population Abundance

Daphnia was at all times more abundant in East Lake than in

Paulina Lake (Figures 4 and 5). The peak of abundance in East Lake

was most likely not recorded because the regular central stations (5

and 8) could not be sampled on 4 August due to very strong wind

conditions. Stations 1 and 2 were sampled on 4 August as part of a

12-station collection that began before wind conditions became severe.

I decided to substitute stations 1 and 2 for the regular stations on the

day the collections were made. When compared with the other

station's counts for this day, stations 1 and 2 show an unusually high

number of I feel that this may have been due to a piling up of

individuals as a result of previous strong winds. It gave an erroneously
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Figure 4, Population abundance and the calculated E, b, and r values
for Daphnia pulex in East Lake for the summer, 1968.
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high number of Daphnia for this date. The massing of Daphnia (as

mentioned earlier) at the surface in East Lake, occurred in the area of

stations 1 and 2, Therefore, the maximum number of Daphnia

observed probably took place on 28 July in excess of an average of

12, 000 individuals per tow. The maximum numbers of Daphnia

observed in Paulina Lake occurred from 9 August to 31 August at an

average of approximately 2, 500 per tow. A considerable decrease

followed the peak of Daphnia in each lake.

The highest peak of the limnetic zooplankton in East Lake was

recorded for Diaptomus (Figure 6) on 20 June at 20, 375 individuals

(copepodid stages) per tow. Numbers of Diaptomus dropped rapidly

from this peak and for most of the collecting period Daphnia slightly

exceeded Diaptomus in numbers. Diaptomus was at all times the most

abundant species in Paulina Lake (Figure 6). With a peak of 22, 800

individuals per tow, the maximum number of Diaptomus observed was

similar in both lakes, however, the peak occurred later in the summer

(31 August) in Paulina Lake.

(Figure 7) reached comparable maxima (between 7, 000

and 8, 000 per tow) in the two lakes. As with Diaptomus the maximum

for Cyclops occurred earlier in East (20 June) than in Paulina Lake

(23 August).

The increase in Diaptomus and Cyclops through the summer in

Paulina Lake accompanied a decrease in the number of copepod
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Figure 6. Abundance of the copepodid stages of Diaptomus sicilis in
East and Paulina Lakes for the summer, 1968. p indicates
presence of eggs. A indicates absence of eggs.
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Figure 7. Abundance of the copepodid stages of Cyclops bicuspidatus
thomasi in East and Paulina Lakes for the summer, 1968.
P indicates presence of eggs. A indicates absence of eggs.
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juveniles (nauplii of both copepods combined) through the same time

(Figure 8). Copepod juveniles in East Lake decreased rapidly from a

maximum on 20 June, however, there was no corresponding increase

in the copepodid stages of copepods as occurred in Paulina Lake

(Figure 6),

Parthenogenic eggs of Daphnia were present on all collection

dates. Sexual eggs (ephippia) were never observed in either lake.

Eggs of Diptomus and cyclops were not found between 7 July and 4

August in East Lake, In Paulina Lake, Diaptomus eggs were not

found after 9 August and Cyclops eggs were not found after 1 August.

ReDroductive Rates

Daphnia had a maximum b on 20 June in East Lake and on 24

September in Paulina Lake (Figures 4 and 5, Tables 8 and 9). The

instantaneous birth rate was also high on 1 August in Paulina Lake.

In East Lake, the maximum b preceded an increase in the population.

There was a gradual increase to the population maximum for the study

period. The birth rate decreased as the population increase occur-

red, indicating the population was Losing relatively few individuals.

When the population decreased rapidly after the summer peak, b

remained low. This indicated loss through natural death and predation.

In Paulina Lake, the increase in the population of Daphnia to a

maximum was preceded more closely by an increase in b than the
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Figure 8. Abundance of copepod juveniles in East and Paulina Lakes
for the summer, 1968.



Table 8. Population data for Daphnia pulex in East Lake, 1968. Average temperature is for the upper
15 m of the lake.

Time A.verage temperatureinterval lID E B b t r dfor interval

6/20 - 7/7 12.3 .163 .450 .073 .0704 17 .0219 .0485

7/ 7 - 7/20 13.9 .189 .115 .022 .0217 13 .0056 .0161

7/20 - 7/28 15.2 .210 .033 .077 .0069 8 .0283 -.0214

7/28 - 8/ 4 16.0 .223 .077 .017 .0168 7 .0453 -.0285

8/ 4 - 8/21 15.7 .218 .025 .005 .0049 17 -.0736 .0785

8/21 -8130 14.7 .202 .034 .007 .0069 9 .0324 -.0255

8/30 - 9/24 13.7 .186 .086 .016 .0158 25 .0142 .0016

9/24 13.0 . 175 . 130 .023 .0227

(j.)



Table 9. Population data for Daphnia pulex in Paulina Lake, 1968. Average temperature is for the
upper 20 m of the lake.

Time interval Average temperature
1 ID E B b t r dfor interval

7/12 7/21 11.4 .149 .122 .018 .0178 9 .0527 -.0349
7,'2l 8/ 1 12.5 .167 .178 .030 .0296 11 .0413 -. 0117

8/ 1 - 81 9 13. 1 . 176 . 373 . 066 . 0639 8 . 1409 -, 0770

8/ 9 8/23 12.6 .168 .078 .013 .0129 14 -.0056 .0185

8/23 - 8/31 12. 1 . 160 . 035 .006 . 0059 8 .0132 -.0073

8/31 - 9/24 11.3 .147 .020 .003 .0029 24 -.0507 .0536

9/24 10.5 .134 .526 .070 .0676

L)
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comparable increase in East Lake. The decrease in population

numbers following the maximum was accompanied by a large increase

in b. Considerable predation may have been occurring at this time.

Copepod reproduction was not continuous during the study period

in either lake. Reproductive rates were calculated for those times

when eggs were present. The birth rates for both species of copepods

were similar in the two lakes (Tables 10 and 11). Eggs of Diaptomus

and çyclops were present at different times in the two lakes (Figures

6 and 7). However, both lakes had a high number of copepod juveniles

(Figure 8) at the beginning of the study period. This indicated a

previous high production of eggs. There was a steady increase in the

populations of Diaptomus and Cyclops in Paulina Lake through the

study period, seemingly a result of the maturing of the juveniles

present at the beginning of the study. Eggs of both species were

present during this increase and contributed to it.

The high number of copepod juveniles in East Lake at the begin-

ning of the study period did not result in an increase in the number of

Diaptomus and later in the season. Reproduction ceased in

East Lake at a time when eggs were present in Paulina Lake. The

resumption of reproduction by Diaptomus and Cyclops at the end of the

study period in East Lake did not result in an increase in juveniles in

this lake.



Table 10. Population data for the copepodid stages of Diaptomus sicilis and Cyclops bicuspidatus
thomasi in East Lake, 1968. Average temperature is for the upper 25 m of the lake.

Time interval Average temperature
1 /D E B b t r dfor interval

Diaptomus sicilis
6/20 7/ 7 10.1 .126 .013 .0016 .0015 17 -.0444 .0459

8/21 8/30 11.4 .144 .046 .0066 .0066 9 -.0481 .0547

8/30 - 9/24 11.5 .145 .293 .0424 .0415 25 .0137 .0278

9/24 10.5 .132 .052 .0068 .0068

Cyclops bicuspidatus thomasi
6/20 - 7/ 7 10.1 .079 .139 .0109 .0108 17 -.0226 .0334

8/21 - 8/30 11.4 .091 .025 .0022 .0022 9 -.0432 .0454

8/30 - 9/24 11.5 .092 .394 .0362 .0356 25 -.0026 .0382



Table 11. Population data for the copepodid stages of Diaptomus sicilis and Qyclops bicuspidatus
thomasi in Paulina Lake, 1968. Average temperature is for the upper 25 m of the lake.

Time interval Average temperature l/D E B b t r dfor interval

Diaptomus sicilis
7/12 - 7/21 10.1 .126 .027 .0034 .0039 9 .0330 -.0291

7/21 - 8/ 1 11.0 .139 .026 .0036 .0036 11 -.0110 .0146

8/ 1 - 8/ 9 11.6 .147 .013 .0019 .0019 8 .0675 -.0656

8/ 9 - 8/23 10.8 .136 .008 .0011 .0011 14 .0075 -.0064

Cyclops bicuspidatus thomasi

7/12 - 7/21 10.1 .079 .342 .0272 .0272 9 .0019 .0251

7/21 - 8/ 1 11.0 .087 .147 .0127 .0127 11 .0051 .0076

8/ 1 - 8/ 9 11.6 .093 .045 .0042 .0042 8 .0156 -.0114

-J



DISCUSSION

The calculated population rates, b, d, and r, were the result of

changes in the number of individuals. However, the rates themselves

do not indicate the population abundances from which they were derived.

Daphnia had similar rates of birth and death in East and Paulina

Lakes, but was up to five times more abundant in East Lake than

Paulina Lake (Figures 4 and 5). The rates alone did not indicate this

important difference. The rates of population change cannot provide

information on the density or biomass of individuals involved in the

changes because the population rates quantify only how rapidLy changes

are taking place in a population, and not the absolute quantities

involved. They are not descriptive of the environment from which they

have come, Therefore, rates alone are of little value for characteriz-

ing or comparing aquatic habitats. Their value as a comparative tool

is best applied to comparisons of the timing of population events in the

lirnnetic zone of lakes.

Population rates can provide valuable information about the role

of each species in the economy of a lake which cannot be obtained solely

from measurements of abundance. The measurement of production

provides a method for quantifying both the rate and amount of material

involved in population changes. Wright (1965) calculated production

for Daphnia schodleri in Canyon Ferry Reservoir, Montana, from

data on population dynamics. He calculated an average biomass from a
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length-weight relationship and an average turnover time from the

average birth rate. Periods of rapid population change are indicative

of times when a population is important in the trophic relations of a

lake. High birth rates denote a potential population increase which

may result in significant changes in the trophic pathways of the food

chain, High death rates may denote periods of significant predation on

a population and the transfer of materials in the lake's food web.

Assuming that predation was the primary cause for population

decrease in this study, then Daphnia was an important prey species

in the trophic relations of East Lake at the end of July. Daphnia was

important in Paulina Lake at the end of August. Hall (1964) considered

predation the factor which caused the disparity between a high birth

rate (b) and a low value of r during the summer he studied Daphnia

galeata mendotae in Base Line Lake, Michigan. He considered 11

galeata mendotae important in the food chain of the lake at that time.

The copepods in East and Paulina Lakes showed a dissimilar

pattern of importance. High egg production occurred before sampling

began as evidenced by the high number of juveniles in the first collec-

tion. Copepod populations increased during the summer in Paulina

Lake (accompanied by a low birth rate), while at the same time in

East Lake copepod populations decreased. Copepods appeared to be

more important as prey species in East than in Paulina Lake.

Daphnia was up to five times more abundant in East than in



Paulina Lake. The birth rates of Daphnia were comparable over the

study period, although they peaked at different times. Therefore, over

the length of the summer, Daphnia appeared to be subject to much

greater predation in Paulina Lake than in East Lake.

The copepod populations in the two lakes showed a reversed

situation. Following a high production of eggs in both lakes, there

was a decrease in the copepod populations in East Lake, while at the

same time an increase in the copepod populations in Paulina Lake.

Assuming that predation was the principle cause of population declines

in the two studylakes during the summer of 1968, then Daphnia was of

prime importance as a prey species in the limnetic zooplankton of

Paulina Lake, and the copepods, Diaptomus and Cyclops, were of

prime importance in East Lake.

An analysis of the causes of death in a zooplankton population

would be valuable for comparing a high death rate (and presumed

predation) with the actual extent of predation. Unfortunately, this

information seems difficult to obtain. Wright (1965) showed that a

high population density of Leptodora kindtii corresponded to a high

death rate (d) in a population of pphnia schodleri in Canyon Ferry

Reservoir, Montana. This information was easily obtained because

Leptodora and Daphnia were collected in the same samples. All

possible causes of death would have to be studied simultaneously in

order to learn to what extent each cause of death contributed to a
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particular population decline.

The reason for the differences in the importance of the copepods

and cladoceran in the two Lakes may have been the result of selective

predation by the fish. East Lake contains a large population of brook

trout which is not present in Paulina Lake. Selective predation by the

brook trout on the copepods could have caused the difference in the

abundance of these species in the two lakes. Stomach analyses which

I performed on brook trout and rainbow trout confirmed plankton

feeding on Daphnia and Diaptomus, but were inadequate for proving

selective feeding. The difference in the abundance of Daphnia in the

two lakes could result from the fact that in East Lake the abundant

benthic organisms associated with the vegetation would provide a food

source unavailable to the trout in Paulina Lake.

The reason for the unusual pattern in the occurrence of copepod

eggs in the two lakes is not clear. The life cycles of many cyclopoid

and calanoid copepods recorded by Hutchins on (1967) are quite variable.

The life cycles of Diaptomus and Cyclops in East and Pauline Lakes are

not known. Their life cycles, when fully worked out, may provide a

clue to the problem of the occurrence of eggs. The two species of

copepods showed a pattern in their egg production which was the same

within a lake but differing between the two lakes. This difference

between the lakes suggests that an ecological factor was operating to

bring about this situation, If the life cycles of the two species are
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similar, the ecological factor may be working to alter the seasonal

pattern of egg production.

The timing and magnitude of population changes can be observed

without calculation of the actual rates. The method of calculating b

relies on the egg ratio (E) and the prevailing lake temperatures. When

the temperature varies little over several time intervals, the egg

ratio alone will indicate the trend of the reproductive rate. The rate

of population change (r) is derived from the change in abundance of a

species in successive collections. When the time interval is short

and of a fixed duration, a plot of population abundance through time

will show the magnitude and direction of population changes. If a plot

of the egg ratio accompanies the plot of population abundance through

time, the significant changes in the population rates can be observed

in reference to the abundance of the species of interest.

The egg ratio was plotted on the same graph with b and r for

Daphnia in each lake (Figures 4 and 5). The periods of high egg pro-

duction and population losses can be easily discerned. In East Lake

there was high egg production in the first collection, followed by a

steady low production of eggs. Significant losses occurred at the end

of July, Daphnia in Paulina Lake had high egg production on 1 August

and Z4 September. A population increase occurred after 1 August, but

a significant population decrease accompanied the high egg production

of 24 September.
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An assessment of the practicality of this method of studying the

dynamics of a zooplankton population must consider several problems.

Most obvious of these problems are the time consuming processes of

frequent sampling and sample counting. There is no expedient to the

problem of frequent sampling; iadeed this is a necessity for the study

of the dynamics of most biological processes.

The length of the time interval between collections is important

in assessing the changes in population numbers, and is partially

dependent upon prevailing lake temperatures. When lake temperatares

are relatively high, the rate of egg development is high, and therefore

the birth rate will be higher in warm temperatures than in cold for the

same egg ratio. The time interval between collections in this work

ranged between 7 and Z5 days. Major changes in population abundance

occurred within one week on several occasions. A collecting interval

between 5 and 10 days would appear to be adequate for the copepods

and cladoceran studied here.

The determination of changes in population abundance requires

adequate quantitative sampling of a lake's zooplankton population. It

would be desirable to reduce the number of stations sampled to as few

as possible to minimize effort in counting. Assuming that the egg

ratio and population changes are the same anywhere in the limnetic

zone of a lake, regardless of absolute numbers, then a single station

may suffice for small to medium-sized lakes of simple morphometry.
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Ricker (1938) felt that frequent samples from a single central station

in Cultus Lake, British Columbia, would adequately represent the

whole pelagic region.

The time required to count preserved samples can be reduced by

not distinguishing between the mature and immature individuals. This

is undesirable because the age distribution of the population can change

greatly with an increase in the number of newborns or the maturing of

a high number of juvenileS. If the immature and mature individuals are

not distinguished, one must remember that the egg ratio and subsequent-

ly b will be changed disproportionately in a rapidly changing population.

When E is used to represent the reproductive rate, prevailing

lake temperatures are disregarded, and it becomes unnecessary to

work out the development time of the eggs. The development time of

the eggs of the copepod and cladoceran components of the limnetic

zooplankton thus far determined fall in a similar range (Table 4), This

is further indication that it may not be necessary to use deveLopment

times in some work with zooplankton reproductive rates.

Although the changes in population rates are the results of

changes in the ecological conditions of a lake, the rates themselves do

not inform one of the existing ecological conditions. The rates there-

fore cannot be used to characterize an aquatic habitat.
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Appendix Table 1. Average number per tow of the zooplankton species
and copepod juveniles (nauplii of both copepod
species combined) for each depth and station for
each collecting date in Paulina Lake.

CyclopsDepth Daphnia Diaptomus Copepod
Date Station m pulex sicilis bicuspidatus juvenilesthomas i

7/3/68 1 5 0 1317 133 2983
7/3/68 1 10 125 5600 500 4600
7/3/68 1 15 75 5725 2625 10075
7/3/68 1 20 50 6400 2825 9400
7/3/68 1 25 100 7700 3575 11350

7/12/68 1 40 600 8350 5663 14838
7/12/68 2 40 463 7263 4438 8300
7/12/68 3 30 838 10763 7263 13625
7/12/68 4 30 700 10125 5100 12875
7/12/68 5 30 383 10667 5017 17067
7/12/68 6 30 975 8000 7200 14313
7/12/68 7 30 167 5750 4700 13233
7/12/68 8 30 338 7250 4550 11575
7/12/68 9 30 383 9950 5533 12667

7/21/68 5 40 517 11567 5817 12517
7/21/68 7 40 517 13450 5000 10350
7/21/68 9 40 467 10483 4700 9433

8/1/68 1 38 3191 18078 6417 12950
8/1/68 2 40 2133 13267 5667 10000
8/1/68 3 39 2183 15217 7333 9067
8/1/68 4 40 2400 14117 5083 8600
8/1/68 5 40 883 9717 3383 7117
8/1/68 6 40 1250 13200 4767 9767
8/1/68 7 40 367 8050 3633 8267
8/1/68 8 40 900 11883 6283 10900
8/1/68 9 40 1117 13667 9400 13500
8/1/68 10 34 1038 11613 8913 10750
8/1/68 11 50 1708 13933 9921 10033
8/1/68 12 50 1100 14650 9917 10617

8/9/68 5 5 850 8575 350 850
8/9/68 5 10 4667 15533 1133 6633
8/9/68 5 15 4100 21267 2333 10567
8/9/68 5 20 5600 26100 5550 12900
8/9/68 5 25 4400 23750 5400 12150
9/9/68 5 40 3567 20333 4700 8467
(continued on next page)
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Appendix Table 1. (continued)

Date Station Depth
m

Daphnia
pulex

Diaptomus
sicilis

Cyclops
bicuspidatus

thomas i

Copepod
juveniles

8/9/68 7 5 533 15667 667 1567
8/9/68 7 10 2750 24450 4700 9500
8/9/68 7 15 2200 25250 9300 15650
8/9/68 7 20 4550 25600 11150 14000
8/9/68 7 25 3150 21050 11250 14900
8/9/68 7 40 2767 18833 9500 9733
8/9/68 9 5 275 7200 25 900
8/9/68 9 10 467 11633 767 6533
8/9/68 9 15 967 12867 2733 8400
8/9/68 9 20 733 12567 3967 10100
8/9/68 9 25 767 14000 4767 10600
8/9/68 9 40 967 14800 4400 7700

8/23/68 4 40 2267 17083 7317 7900
8/23/68 7 40 2213 25063 8438 6013
8/23/68 9 40 2263 17813 6163 5688

8/31/68 7 5 1150 7175 1800 275
8/31/68 7 10 2050 15950 3375 2525
8/31/68 7 15 2025 22275 4325 6000
8/31/68 7 20 2600 28150 4700 6100
8/31/68 7 25 2500 31650 6100 6400
8/31/68 7 40 2950 30800 6150 4500
8/31/68 9 5 1167 3250 1283 650
8/31/68 9 10 1400 6425 1325 3450
8/31/68 9 15 2250 10250 2850 4500
8/31/68 9 20 1650 14400 3800 4975
8/31/68 9 25 2000 16075 3425 4650
8/31/68 9 40 2050 14800 3350 4900

9/24/68 1 17 200 3282.5 1900 1725
9/24/68 1 40 1500 27675 3175 2225
9/24/68 3 35 1725 23700 5575 2300
9/24/68 4 14 417 27575 833 775
9/24/68 5 40 1033 21250 2533 2017
9/24/68 6 40 975 27900 3075 2625
9/24/68 7 40 450 22150 1917 1967
9/24/68 8 40 317 19750 1650 1283
9/24/68 9 40 733 11667 2800 1800
9/24/68 10 40 867 19350 2467 1233
9/24/68 11 40 1300 19550 2683 1883
9/24/68 12 40 525 16533 2954 1470
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Appendix Table 2. Average number per tow of the zooplankton species
and copepod juveniles (nauplii of both copepod
species combined) for each depth at each station
for each collecting date in East Lake.

Depth Daphnia
CyclopsDiaptomus Copepod

Date Station bicuspidatus
m pulex sicilis juvenilesthomasi.

6/20/68 1 26 19942 20792 12283 28733
6/20/68 2 14 12700 12450 9125 25775
6/20/68 3 22 2750 13800 11200 34350
6/20/68 4 40 10375 21300 12200 31150
6/20/68 5 39 6425 20550 7650 27550
6/20/68 6 4 617 3167 583 7783
6/20/68 7 48 7650 24600 10400 23950
6/20/68 8 34 6175 20200 8175 26625
6/20/68 9 7 2833 4400 1379 10063
6/20/68 10 8 1413 2325 1300 4013
6/20/68 11 8 2725 4188 975 9350

7/7/68 5 2 33 383 33 200

7/7/68 5 5 1033 1250 183 1367

7/7/68 5 7 3017 2733 867 3383
7/7/68 5 10 5550 3575 1350 7275
7/7/68 5 12 9900 5100 2425 10100
7/7/68 5 15 9433 4400 2900 11200
7/7/68 5 20 9300 8133 3800 12867
7/7/68 5 37 10100 7333 5533 8733
7/7/68 8 2 50 983 217 250

7/7/68 8 5 1583 2200 400 2467
7/7/68 8 7 3900 2750 950 4600
7/7/68 8 10 5725 3475 1425 7300
7/7/68 8 12 8100 3875 2175 9925
7/7/68 8 15 10350 5975 3125 11800
7/7/68 8 20 5625 4900 2650 8525
7/7/68 8 33 8200 7833 5233 8533

7/20/68 5 31 11950 5925 2850 5375
7/20/68 8 46 7400 4300 4575 3625

7/28/68 5 21 15100 10875 2175 1900
7/28/68 8 45 9600 6750 3450 2400

8/4/68 1 32 16125 9175 3750 1300

8/4/68 2 32 17800 9800 2875 1225

8/4/68 3 15 7400 4513 1963 538

8/4/68 9 8 3650 1250 350 225

(continued on next page)
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Appendix Table 2. (continued)

Crc OPS
Depth Daphnia Diaptomus Copepod

Date Station m pulex sicilis bicuspidatus juvenilesthomasi

8/4/68 10 5 3325 488 1400 163

8/4/68 11 7 2737 775 538 200

8/4/68 12 6 2113 825 338 213

8/21/68 5 5 1033 2067 283 283

8/21/68 5 10 5525 3600 450 550

8/21/68 5 15 5125 3925 1000 750

8/21/68 5 20 5475 5650 1075 925

8/21/68 5 25 5350 5550 1750 650

8/21/68 5 29 5000 4975 1400 675

8/21/68 8 5 1850 2817 350 317

8/21/68 8 10 4000 3950 375 375

8/21/68 8 15 5150 4900 1100 450

8/21/68 8 20 4025 5450 975 700

8/21/68 8 25 5425 7150 1175 550

8/21/68 8 45 4700 6950 1600 500

8/30/68 5 5 4775 925 125 700

8/30/68 5 10 8267 2667 367 1200

8/30/68 5 15 11967 4367 733 1200

8/30/68 5 20 8933 4300 467 1867

8/30/68 5 25 10000 4767 467 1400

8/30/68 5 27 10700 5050 1100 925

8/30/68 8 5 2633 900 167 383

8/30/68 8 10 3517 1667 217 467

8/30/68 8 15 4800 2125 775 1275

8/30/68 8 20 4800 4075 775 1050

8/30/68 8 25 5050 4375 950 1300

8/30/68 8 47 2283 2683 933 467

9/24/68 1 35 2775 6238 675 1063

9/24/68 2 25 3050 3913 600 1138

9/24/68 3 18 5900 3938 425 1163

9/24/68 4 35 6050 6017 850 1250

9/24/68 5 31 3717 3600 933 650

9/24/68 6 3 508 1858 8 1667

9/24/68 7 48 6867 9450 1250 1800

9/24/68 8 47 5367 7317 983 1567

9/24/68 9 8 2333 2658 50 1225

9/24/68 10 6 825 742 50 600

9/24/68 11 8 5738 7475 50 2425

9/24/68 12 7 3317 2917 58 883
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Appendix Table 3. Average number per tow of the eggs of three species
of zooplankton at each central station for each
collecting date in Paulina Lake,

Depth Daphnia Diaptomus
Date Station m pulex sicilis bicuspidatus

thoma si

7/12/68 5 30 467 2717
7/12/68 7 30 33 33 950
7/12/68 9 30 83 217 1550

7/21/68 5 40 67 317 1450
7/21/68 7 40 83 417 367
7/21/68 9 40 117 200 467

8/1/68 5 40 167 17 333
8/1/68 7 40 283 167 17

8/1/68 9 40 433 217 383

8/9/68 5 40 67 67 -

8/9/68 7 40 83 167 -

8/9/68 9 40 133 200 -

8/23/68 4 40 133 - -

8/23/68 7 40 128 - -

8/23/68 9 40 13 - -

8/31/68 7 40 100 - -

8/31/68 9 40 - - -

9/24/68 5 40 617 - -

9/24/68 7 40 150 - -

9/24/68 9 40 400 - -



51

Appendix Table 4. Average number per tow of the eggs of three
species of zooplankton at each central station for
each collecting date in East Lake.

Depth Daphnia Diaptomus Cyclops
Date Station bicuspidatus

m pulex sicilis thomasi

6/20/68 5 39 2475 492 1170
6/20/68 8 34 3195 50 1020

7/7/68 5 37 1167 - -

7/7/68 8 33 933 -

7/20/68 5 31 450 - -

7/20/68 8 46 195 -

7/28/68 5 21 1305 - -

7/28/68 8 45 600 -

8/4/68 1 32 480 - -

8/4/68 2 32 375 - -

8/21/68 5 29 150 325 75

8/21/68 8 45 173 225 -

8/30/68 5 27 1050 2048 698
8/30/68 8 47 67 217 100

9/24/68 5 31 500 417 -

9/24/68 8 47 683 150 -




