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Abstract:
As part of a limnological investigation, the population dynamics and production of the limnetic net
zooplankton in Georgetown Lake, Montana, were studied from January 21 through November 2, 1974.

The principal net zooplankton were: Asplanchna priodonta, Keratella cochlearis, K. quadrata, Bosmina
covegoni, B. longirostris, Ceviodaphnia quadrangula, Chydorus sphaericus, Daphnia thorata, and
Cyclops bicuspid-atus thomasi. The cladocerans, copepods, and Asplanchna were most abundant in
summer; Keratella were most abundant in early spring.

Cyclops bicuspidatus thomasi was a perennial, multivoltine copepod that apparently entered a
facultative, overwintering diapause in the CIV instar throughout the summer. Total net zooplankton
density and biomass were linearly related.

Cyclops copepodite identification characteristics were described. Instar lengths were inversely
correlated with the water temperature 7-35 days earlier. Food had little noticeable influence on instar
length.

Correlations between the biomass of specific phytoplankton and zooplankton densities were stronger
than that between chlorophyll a levels and zooplankton densities. Sharp drops in cladoceran fecundity,
birth rates, and densities in early July were attributed to a temporary switch from live algae to detrital
food. Blue-green algae in non-bloom proportions did not invoke high mortality in the herbivores, but
did depress the Daphnia birth rate and increase the Chydovus birth rate. Grazing pressure from
increasingly larger zooplankton forced a size-ordered succession of phytoplankton from a spring
association of small, edible flagellates and diatoms to gelatinous and filamentous green and blue-green
algae in autumn. Intense size-selective predation by rainbow trout (Salmo gairdneri) and kokanee
salmon (Oncorhynchus nerka) limited the zooplankton maximum body length to less than 1.6 mm. The
succession from small to large cladocerans may have been due to competitive displacement of the
smaller by the larger animals. Predation by Cyclops depleted the Chydorus population, whereas
declining water temperature probably caused the demise of the Ceriodaphnia and Daphnia.

The total net production of the cladocerans and copepods was 0.564 g.m-2. day-1 (2.992 kcal.m-2 •
day-1) , or 51.5 percent of the mean gross primary production (1.655 g 02.m-2.day-1 or 5.808
kcal.m-2.day-1). The mean total net zooplankton biomass was 2.036 g.m-2. Biomass and net
production were exponentially related.

The Georgetown Lake limnetic net zooplankton community in 1974 was similar in species composition
and associations, relative proportions of zooplankton groups, biomass, net production, and daily P.B-1
values to communities in several other temperate lakes that are mildly eutrophic. 
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ABSTRACT

As part of a limnological investigation, the population dynamics 
and production of the limnetic net zooplankton in Georgetown Lake, 
Montana, were studied from January 21 through November 2, 1974.

The principal net zooplankton were: Asplanahna priodonta, Kevatella 
coohleavts, K. quadvata, Bosmina covegoni, B. Iongivostvis, Ceviodaphnia 
quadvangula, Chydovus sphaevious, Daphnia thovata, and Cyclops biouspid- 
atus thomasi. The cladocerans, copepods, and Asplanohna were most 
abundant in summer; Kevatella were most abundant in early spring.
Cyclops bicuspidatus thomasi was a perennial, multivoltine copep'od that 
apparently entered a facultative, overwintering diapause in the CIV 
instar throughout the summer. Total net zooplankton density and biomass 
were linearly related.

Cyclops copepodite identification characteristics were described. 
Instar lengths were inversely correlated with the water temperature 7-35 
days earlier. Food had little noticeable influence on instar length.

Correlations between the biomass of specific phytoplankton and 
zooplankton densities were stronger than that between chlorophyll a 
levels and zooplankton densities. Sharp drops in cladoceran fecundity, 
birth rates, and densities in early July were attributed to a temporary 
switch from live algae to detrital food. Blue-green algae in non-bloom 
proportions did not invoke high mortality in the herbivores, but did 
depress the Daphnia. birth rate and increase the Chydovus birth rate. 
Grazing pressure from increasingly larger zooplankton forced a 
size-ordered succession of phytoplankton from a spring association of 
small, edible flagellates and diatoms to gelatinous and filamentous 
green and blue-green algae in autumn. Intense size-selective predation 
by rainbow trout (.Salmo gaivdnevi) and kokanee salmon (Oncovhynchus 
nevka') limited the zooplankton maximum body length to less than 1.6 mm. 
The succession from small to large cladocerans may have been due to 
competitive displacement of the smaller by the larger animals. Predation 
by Cyclops depleted the Chydovus population, whereas declining water 
temperature probably caused the demise of the Ceviodaphnia and Daphnia.

The total net production of the cladocerans and copepods was 0.564 
g*m“^* day--*; (2.992 kcal-m""^ • day--*-) , or 51.5 percent of the mean gross 
primary production (1.655 g O2 Tn-^ d a y -I or 5.808 kcal*m~2.day-l). The 
mean total net zooplankton biomass was 2.036 g*m-^. Biomass and net 
production were exponentially related.

The Georgetown Lake limnetic net zooplankton community in 1974 was 
similar in species composition and associations, relative proportions of 
zooplankton groups, biomass, net production, and daily P • B--*- values to 
communities in several other temperate lakes that are mildly eutrophic.



INTRODUCTION

Georgetown Lake is a shallow mountain reservoir in western Montana. 

It is commonly regarded as eutrophic because of periodic blooms of 

blue-green algae, extensive stands of aquatic macrophytes, and occasional 

fish kills resulting from dissolved oxygen depletion. A limnological 

investigation was undertaken in June, 1973 to determine the sources of 

nutrient enrichment, the nutrient cycle, the oxygen consumption potential 

of the reservoir, and the present reservoir's trophic status. There has 

been no known study of the reservoir limnology prior to this 1973 inves

tigation.

This zooplankton study was a segment of the limnological investi

gation and encompassed the following objectives: (I) to identify the 

principal species of limnetic net zooplankton in the reservoir, (2) to 

measure the population dynamics and net production of the principal 

species, and (3) to provide zooplankton data necessary for assessment of 

the trophic status of the reservoir. Zooplankton were sampled from 

January 21 through November 2, 1974. The other aspects of the limno

logical investigation were studied from July, 1973 to July, 1975.



DESCRIPTION OF THE STUDY AREA

Georgetown Lake is formed by impoundment of Flint Creek by a dam 

located at latitude 46°10'16", longitude 113°10’42" in the southwest 

quarter of Section 6,'T. SN. ,  R. 13 E. in Granite County 12.9 km south 

of Philipsburg, Montana. The dam and downstream hydroelectric generating 

plant are owned and operated by Montana Power Company (MPC). The reser

voir level and active storage have been measured daily from October,

1939 to the present by MPC.

The principal uses of Georgetown Lake are: (I) water storage and 

supply for the copper reduction works in Anaconda, Montana, (2) gener

ation of hydroelectric power for the upper Flint Creek Valley, (3) 

irrigation of Flint Creek Valley, and (4) recreation, especially fishing 

(U.S. Geological Survey 1974, Part I).

The dam is a concrete-and-masonry structure at the head of a steep, 

rocky gorge at the northern tip of the existing reservoir (Fig. I). The 

spillway crest elevation is 1,959.70 m. The dam outlet pipe (0.76 m in 

diameter) has its centerline at an elevation of 1,949.00 m on the up

stream side of the dam. The reservoir has a maximum active storage 

capacity of 5,914-IO4 m^. The surface area at maximum storage is about 

1,140 ha. The minimum active storage in 1974 was 2,177•10^ m^ (surface 

elevation of 1,958.28 m) on April I and 2; the maximum active storage, 

was 3,366-10^ m^ (surface elevation of 1,959.32 m) on July 21 through 

25. During the study period, the maximum fluctuation in surface
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Figure I. Georgetown Lake, Montana, showing zooplankton sampling 
Stations I, 2, and 3

elevation was 0.92 m. The mean surface elevation and active storage 

during the study period were 1,958.87 m and 2,850- IO''* m^, respectively. 

Morphometric data for the reservoir are summarized in Table I.

Georgetown Lake is fed mainly by submerged limestone springs and 

two small, perennial streams. The total drainage area is about 12,980 

ha. North Fork of Flint Creek originates in the Flint Creek Mountains 

and enters the reservoir on the east shore. Stuart Mill Creek drains a 

large limestone spring about 300 m south of Stuart Mill Bay. In addition 

to Flint Creek outflow through the dam, the Anaconda Mining Company



Table I. Morphometric data for Georgetown Lake during the study period

Maximum depth 10.67 m

Mean depth* 4.89 m

Maximum length 7.05 km

Mean breadth* 1.72 km

Mean surface area 1,140.02 ha

Mean active storage 2,850-IO4 m^

Length of shoreline 26.87 km

Shoreline development index* 2.18

* Definition as according to Reid (1961)

periodically pumps out water along the east shore. The reservoir drain

age received 34.5 cm precipitation from January to November in 1974.

The topography and geology of the Georgetown Lake drainage were 

described by Emmons and Calkins (1913). The lake is bounded by the 

Sapphire Mountains on the west and northwest, by the Anaconda Range on 

the south, and by the Flint Creek Range on the north and east. The 

drainage formations are primarily calcareous shales, impure limestones, 

and ripple-marked sandstones deposited by ancient seas. South and west 

of the reservoir are large areas of thick-bedded magnesian and 

non-magnesian limestone beds. The basin of the existing reservoir is 

alluviam deposited since the last period of glaciation.

Zooplankton were collected at three reservoir stations (Fig.I).
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Station I, about 11 m deep, was near the dam. Station 2, about 6 m deep, 

was off Rainbow Point near mid-reservoir. Station 3, about 4 m deep * was 

in Jericho Bay.



I

II

METHODS AND MATERIALS

Physical-Chemical Parameters,
Phytoplankton, and Primary Production

Physical, chemical, and phytoplankton data were obtained from, Knight

et at. (1976) and Mr. Jonathan C. Knight (Ecologist, Environmental

Laboratory, Duke Power Company, Huntersville, North Carolina, personal

communication). These data were collected at the same stations, plus

two others, sampled for zooplankton. Samples were collected biweekly at

all stations from June through August, and only at Station I at monthly

intervals from January through May and September through November in

1974.

Net Zooplankton
and Secondary Production

Net zooplankton were collected at Stations I, 2, and 3 between 7:00 

A.M. and 5:00 P.M. (MST) on the dates in Tables 8 and 9. Prior to June 

5, zooplankton were collected only at Station I by making a continuous 

vertical tow from within I m of the lake bottom to the surface with 

either a No. 25 (0.064 mm aperture size) Wisconsin net or a Birge-Juday

plankton trap equipped with a No. 20 (0.080 mm aperture size) net. The
y

upper sliding door of the plankton trap was locked open to facilitate 

a continuous vertical tow.
I

Wlien the Wisconsin net was used, the lake volume filtered was ‘ "

computed from Lind's (1974) formula:
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V = 3.142r2d (I)

where V is the lake volume (m2) filtered, r is the radius (0.5 m) of the 

net mouth, and d is the vertical tow length (m)„ When the Birge-Juday 

trap was used, the lake volume filtered was computed by multiplying a 

single trap volume (0.0106 m^) by the number of single trap dimensions 

defined by the vertical tow length. For example, if the vertical tow 

length was 10 times the length of the trap, the lake volume filtered
O

was 0.106 m .

From June 5 on, zooplankton were collected at all stations by 

making modified oblique tows, as recommended by Clarke.and Bumpus 

(1950), from within I m of the bottom to the surface with a .Clarke-Bumpus 

plankton sampler equipped with a No. 10 (0.153 mm aperture size) net.

The modified oblique tow consisted of towing the sampler horizontally 

for about 20 seconds at each 1-m depth interval from the bottom to the 

surface. The sampler was left open to continue.filtering water as it 

was raised to each successive depth interval. The tow speed was about 

5.5 km.*hr ^ . Since the Clarke-Bumpus sampler was new, the factory 

flow-meter calibration was used to compute the volume of lake water
O

filtered on each tow. I usually filtered at least I m of lake water per 

tow. I think this sampling method reduced the error caused by plankton 

population patchiness.

On all sampling dates at each station, zooplankton samples were 

collected in triplicate to reduce sampling variation and error. Each
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replicate sample was filtered again on board the boat through a No. 20 

net to remove the water. The filtered zooplankton"were then killed and 

preserved in 95 percent ethanol to prevent egg ejection by the clado- 

cerans. Replicate samples were stored individually for future examina

tion.

At each station, the water temperature was measured with a Yellow 

Springs Instrument Company Model 54 Dissolved Oxygen/Temperature Meter 

at 1-m intervals throughout the vertical water column. The mean temper

ature in the water column sampled for zooplankton was computed from 

these data.

In the laboratory, the net. zooplankton were identified to species 

using a binocular' microscope and taxonomic keys by Ahlstrom (1943),. 

Brooks (1957), Edmondson (1959), Ewers (1930), Pennak (1953), and 

Yeatman (1944). Then, the replicate samples were drained of alcohol, 

combined, and resuspended in 30 to 1,500 ml of water. While stirring ■ 

the suspension, subsamples were taken from the dilution with a I-ml 

Hensen-Stempel pipet. These subsamples were transferred to a 1-ml 

Sedgwick-Rafter counting cell for examination under a binocular micro

scope equipped with a Whipple ocular micrometer.

The entire contents of at least three and up to 10 counting cells 

were enumerated for each dilution of combined replicate samples. When 

possible, I counted at least 100 individuals of each cladoceran and 

copepod species. All eggs and embryos of the cladocerans and copepods 

were counted. Kutkuhn (1958) suggested that this type of subsampling
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routine provides an estimate that has a relative error of approximately 

15 percent of the respective means. When loose cladoceran eggs in the 

counting cell could not be identified to species, they were apportioned 

among the cladocerans according to the equation:

E (2)

where E is the combined densities of unenclosed eggs for all cladocerans, 

Na f . is the density of adult females of the ith cladoceran species, Naf 

is the combined densities of adult females for all cladocerans, and Ef 

is the density of unenclosed eggs attributed to the ith cladoceran 

species.

All cladocerans in the counting cell were measured from the base 

of any posterior spine to the anterior edge of the head. Length-frequency 

distributions were determined for each species for each sampling date. 

Adult females of each species were assumed to be all individuals at 

least as long as the shortest ovigerous female of the species in question 

in the counting cell under examination. The mean clutch size (Eaf , 

eggs•adult female"^) of each species was computed from the cell count 

data.

The sole copepod species {Cyclops btciispidatus tkomasi) encountered 

was enumerated by developmental instars. All nauplii were identified 

according to Ewers (1930) and recorded simply as N (total nauplii). The
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five copepoclite (CI-CV) instars and adult female (AF) and adult male 

(AM) instars were identified according to the characteristics in Table' 

2. These instar characteristics were determined from the comparison of 

more than 5,000 copepods throughout the study period. The validity of 

these characteristics is discussed in a later section. All of the 

copepods in each counting cell were measured from the posterior tip of 

the caudal rami (excluding setae) to the anterior edge of the cephalo- 

thorax. The mean clutch size of the adult females (Eaf) was computed 

from the cell count data.

Net zooplankton population densities (N, number•Iiter-jO and egg 

densities (E, eggs*liter-^) were computed for Stations I, 2, and 3 from 

the cell count data. Individual dry body weights were computed for the 

cladoceran length groups using the length-weight relationships of 

LeSeur (1959) for Daphnia thovata, Ceviodxphnia quadvanguta, and Bosmina 

spp. and Patalas (unpublished) for Chydovus sphaevicus. Dry body weights 

for Kevatella‘aochleavis and K. quadvata were taken from Doohan and 

Rainbow (1971), whereas the dry weight of Asplanehna pviodonta was 

obtained from Hall et al. (1970). Wet body weights for the instars of 

Cyclops bieuspidatus thomasi were computed from the formula of Klekowski 

and Shushkina (1966), as cited in Edmondson and Winberg (1971). Dry 

copepod weights were assumed to be 15 percent of the wet weights 

(Patalas, unpublished). Using the population densities and the indivi

dual dry body weights of the species, I computed the zooplankton



Table 2. Characteristics for identifying the five copepodite (CI-CV), adult female (AF), and 
adult male (AM) instars of CyoZops btcusp-idatus thomasZ in Georgetown Lake in 1974

Instar

Number
Metasomal
segments

of:
Urosomal
segments

Fully
developed

legs

Comparison of 
lengths of U3 

and U4 segments*
Body length (mm) 

mean (range)

First antennae 
comparison 

(AF and AIf only)

Cl 4 I 2 0.394 (0.331-0.458) *--

C U 5 1-2 3 — 0.492 (0.441-0.562) — —

CIII 5 2 4 0.621 (0.538-0.721) —

CIV 5 2-3 5 — 0.759 (0.676-0.845) --—

CV 5 4 5 U3<U4 0.917 (0.801-1.069) —

AF 5 4 5 U3>U4 1.100 (0.953-1.328) Lay straight 
along urosomes.

AM 5 4 5 U3>U4 0.829 (0.755-0.944) Forward recurve.

* U3 and U4 are the third and fourth, respectively, urosomal segments
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population biomasses in areal units (g-nT^) at Station I only. To facil

itate comparison with other published data, Westlake (1965) recommended 

that biomass of aquatic animals be reported in areal units rather than 

in volume units.

The homogeneity of the net zooplankton populations at Stations I,

2, and 3 from June 5 through September 2, the principal period of net 

zooplankton abundance, was tested using the Kruskal-Wallis one-way 

analysis-by-rank (Elliott 1971). This test has an advantage over the 

parametric analysis-of-variance test because it does not require the 

data to be normally distributed. The test data were the net zooplankton 

species population densities at Stations I, 2, and 3.

The response- of zooplankton to environmental influences is commonly 

measured in terms of population density. Presumably, changes in environ

mental conditions will be reflected in changes in population density, 

but quite often density remains constant despite obvious changes in 

conditions. Edmondson (1968) suggested that environmental influences 

are more readily detected in the basic population parameters of birth, 

death, and population increase rates. After all, population density is 

the net result of natality minus mortality, assuming immigration and 

emigration are negligible or equal. A constant population density can 

be maintained over time by successive and different combinations of 

birth and death rates. Therefore, population density alone is not a 

reliable indicator of environmental conditions.
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Population dynamics were computed for the cladocerans and copepods 

at Station I only. The instantaneous per capita rate of population 

increase (r, individuals-individual-"̂ ‘day--*-) was computed from Edmond

son's (1968) formula:

Zn Nt - Zn Nq
P  =  -------------------------------- -----------------------------  ( 3 )

where Nq is the density at time 0, Nt is the density t days later, and 

t is the time interval in days. The instantaneous rate of population 

increase (r) used in this study is an actual rate combining reproduction 

and mortality as they naturally occur and is not the innate capacity 

for increase (z^). The innate capacity for increase (Z1m ) is the "maximal 

rate of increase attained at any particular combination of temperature, 

humidity, quality of food, etc., when the quantity of food, space, and 

other animals of the same species are kept to an optimum and other 

species are excluded from the experiment" (Andrewartha and Birch 1954). . 

Such optimal conditions are possible only in the laboratory, "thus the 

innate capacity for increase is arbitrarily defined with regard to a 

specific laboratory situation" (Krebs 1972). In nature, favorable envi

ronmental conditions generally are reflected in positive T values, 

whereas unfavorable conditions are indicated by negative values.

Although both T and Vm are instantaneous,coefficients, r is com

puted from measurements of population density, while Vm is derived from 

age-specific natality and mortality (Edmondson 1968). Edmondson (1968)
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emphaslzed that while, strictly speaking, the equation:

Nt = N0ert (4)

"describes a population in the logarithmic phase of growth in which r 

is constant, for descriptive purposes it can be applied to a changing 

population and the r is sort of an average value for the interval." In 

nature, maximal r values precede peak population densities and minimal 

values precede minimal population densities. A population density that 

is constant over time is indicated by an r value of 0.

I computed the zooplankton instantaneous birth rates (Z), indivi

duals* individual--̂-• day-1) from the formula of Andrewartha and Birch 

(1954):

rather than Edmondson's (1968) formula:

. b = InO- + /9)

(5)

(6)

In equations 5 and 6, /3 is the finite birth rate (individuals*indivi- 

dual“^*day“^) computed from Edmondson's (1968) formula:

P
V e

(7)

where E is the egg density of the species considered, Nat is the adult
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female density of the species considered, and D0 is the egg development 

time in days.

Formulas 5 and 6 have the same units, but Caswell (1972) suggested 

the use of formula 5 since formula 6 assumes no mortality in the popu

lation. The assumption of no mortality is seldom, if ever, satisfied 

in nature. In formula 5, mortality is accounted for by the inclusion 

of z1.

The egg and instar or length group development times were taken 

from Kwik and Carter (1975) and Pomerantseva (1974) for CeTirOdccphn-Ia 

quadranguta, from Patalas (unpublished) for Bosmina spp.. and Chydorus 

Sphaeriausi and from Hall (1964) and LeSeur (1959) for Daphnia thorata. 

Although Hall’s-and LeSeur’s data are for Daphnia galeata mendotae- and 

D. sehodleri- (= D. puZex spp. puticoides), respectively, their data 

plus that of Patalas (unpublished) suggest that egg and length group 

development times of the common limnetic Daphnia are similar enough to 

justify the use of the development times of one species in the popula

tion dynamics of a related species. The' egg and instar development 

times for CyaZops bicuspidatus thomasi were derived from my field 

data by cohort analysis as described by Wright (1967). The instar 

densities were plotted versus time (Figs. 23-25), as were the relative 

(percentage) contributions of the instars to the total density (includ

ing eggs) of the CyaZops (Fig. 26). The individual cohorts were 

identified by inspection of these graphs. Egg and instar development
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Figure 2. Egg development times at different water temperatures for 
the cladocerans and copepods at Station I

times were then estimated from Figure 26 by determining the time inter

val between the pulse peaks of consecutive instars in the same cohort. 

The mean temperature, in the vertical water column during the respec

tive time intervals was computed and, using Krogh's equation (Winberg 

1971), I determined the approximate egg and instar development times 

at other water temperatures. The egg development times at different 

water temperatures for the cladocerans and copepods are depicted in 

Figure 2.

Zooplankton species mortality was estimated from the instantan

eous death rate (d, individuals • individual- -̂• day--*-) . Mortality was 

assumed to equal the difference between population growth and repro

duction, or, according to Edmondson's (1968) formula:

d = b ~ r . (8)
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But d is the least accurate of the computed population statistics

because "it depends on the differences between two quantities, b and 

V i which already involve the differences between two quantities" 

(Edmondson 1960). Nevertheless, Wright (1965) was able to suggestions 

about predatory mortality of Daphnia using computed death rates.

The net secondary production of the copepods and cladocerans at 

Station I was computed for each sampling interval using a modification 

of the equation of Petrovich et at. (1964), as cited in Winberg (1971, 

p. 100). The total production of the copepods and cladocerans during 

the study period was computed by summing the interval production 

values. The fundamental production equation is:

where P^ is the production (dry weight) of the species considered in 

the time interval t, the number subscripts designate the consecutive 

instars (copepods) or length groups (cladocerans) of the species, with 

I designating the egg, N^,..., are the densities at the beginning of 

the time interval t of the instars or length groups, w^,..., w^ are the 

mean individual dry weights of the instars or length groups, is the 

mean clutch size of the adult females of that species, N ^  is the 

density of adult females of that s p e c i e s , f > n are the develop

ment times of the instars or length groups (e.g. is the time required 

to develop from instar I to instar 2), is the time an adult female

Fn1Cw2 -  W1 )

L D1
+  • • • 4* Nn - l ^ n  “ wn-l) . Naf ------  — - +
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requlres to form an egg, and t is the sampling interval length in days.

For Cyclops bicuspidatus thomasi, the subscripts I, 2, 3, 4, 5, 6, 

and 7 in equation 9 designate the E' (egg), Cl, C U ,  G U I ,  CIV, CV, and 

AF instars, respectively. The development time is the time required 

to develop from the E' to the Cl instar, the time Dg is from the Cl to 

the C U  instar, and so on. The time is the period required for the 

formation of an egg by an adult female and was arbitrarily taken as the 

same time as to develop from the E t to the NI instar. The true egg 

formation time probably is less than I ’ve estimated, which would increase 

the egg production increment. The production increment of the adult 

females was assumed to be the biomass of the eggs formed, since the 

adult females themselves were at maximum size and did not show a growth 

increment.

Because I used.the instar development times cited by Patalas 

(unpublished) for Bosmlna and Chydovus sphasvlcus, I also used his 

terminology in the production equation. That is, for Bosmlna, the sub

scripts I, 2, 3, and 4 designate the eggs, juveniles, primiparae, and 

adults, respectively. From my data, I determined that the instars were 

represented by the following length groups; juveniles, <0.200 mm, 

primiparae, 0.200-0.299 mm, and adults, >0.299 mm. For Chydovus 

Sphaevicusi the subscripts I, 2, 3, and 4 have the same designations as 

for Bosmtna, except that each instar was represented by the following 

length group: juveniles, <0.175 mm, primiparae, 0.175-0.249 mm, and
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adults, >0.249 mm. I obtained the times for both species from 

Pomerantseva (1974).

For Cei^iodaphnia quadrangula and Daphnia thorata, the production 

equation subscripts I, 2, 3, and so on were assigned to the consecutive 

length groups listed in Tables 24 and 26, with the eggs represented by 

the subscript I. The times for these cladocerans were also taken from 

Pomerantseva (1974).

Zooplankton net production is reported in g-m~^•d a y " ( d r y  weight) 

and kcal*m-2.day--*-. Zooplankton calorific equivalents were taken from 

Cummins and Wuycheck (1971). As with biomass, net production is reported 

in areal rather than volume units, as recommended by Westlake (1965), 

to permit comparison with other published data.



RESULTS AND DISCUSSION

Physical, Chemical, 
and Phytoplankton Data

The physical and chemical data for Station I are summarized in 

Tables 3 and 4 and Figures 3 and 4. The phytoplankton standing crops 

are presented in Tables 5 and 6 and Figures 5-7. These data were 

provided by Mr. Jonathan C. Knight (personal communication) and 

later will be presented in his doctoral dissertation on the reservoir 

limnology. Additionally, reservoir-wide data were reported by Knight 

et al. (1976).

Georgetown Lake had moderately high total phosphorus and total 

nitrogen,concentrations- in 1974'. Dissolved nutrient levels increased- 

in the winter due to increased reduction potential and lower phyto

plankton biomass., and decreased in the summer due to increased oxi

dation potential and uptake by phytoplankton and macrophytes. With 

respect to nitrogen, phosphorus was the limiting nutrient in the 

summer, but summer concentrations of both elements were low. Due to 

the deep-water withdrawal at the dam, there was a net loss of phos

phorus and nitrogen in 1974, although organic matter accumulated in 

the sediments. The annual outflow loss of phosphorus was 0.01 percent, 

whereas the loss of nitrogen was 0.09 percent. Because of the shallow- 

ness of the reservoir and the regular strong winds across the main 

body of water, neither thermal nor chemical stratification occurred in
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Table 3. Insolar radiation at the surface of Georgetown Lake and the 
mean photoperiod length and change in each month in 1974

Month

Insolar
radiation

(cal.cm~2.day-1)

Average
photoperiod

(hours)

Percentage change 
in photoperiod 
within month

January 97 8.35
+11.8

February 227 9.33
+15.7

March 404 10.80
+13.4

April 654 12.25
+ 9.1

May 585 13.37
+ 3.2

June 712 13.80
- 1.5

July 658 13.60
- 4.8

August 593 12.95
-11.7

September 462 11.43
-13.6

October 327 9.88
-16.2

November 97 8.28
- 7.4

December 78 7.67

1974. Oxygen was the only critical element of those monitored; the 

bottom water was anoxic during the latter part of the ice-cover period.

The phytoplankton community was diverse in taxa, but only 15 

species comprised about 95 percent of the mean total biomass. Anabaena 

flos-aquae, a blue-green alga capable of atmospheric-nitrogen fixation, 

had the greatest observed biomass, but Cryptomonas ovata, due to its
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.Table 4. A summary of some physical and chemical parameters of the 
.water at Station I from January 21 through December 21, 1974

Parameter Mean Range

Water temperature (Jan. 21-Nov. 2) 
(C) (June 5-Sept. 29)

11.40
15.30

2.70-18.00
10.10-18.00

PH
-log [H+ ]

8.06 7.48-9.07

Total alkalinity 
(mg CaCOg-I""-*-)

104.50 84.50-135.50

Dissolved oxygen 
(mg-I-1)

6.33 1.11-9.75

Silica 
(mg-1-1)

5.36 3.10-9.92

Ammonia (NHg-N) 
(Mg-I-1)

13.01 0-97.50

Nitrate (NOg-N) 
(Mg-I- 1 )

2.70 . 0-14.50

Total phosphorus (Tot-P) 
(Mg-!"!)

24.72 14.33-43.33

Orthophosphate (PO^-P) 
(Mg-I-I)

7.19 0.20-29.25

Organic phosphorus (Org-P) 
(Mg-I-1)

18.50 7.33-28.79

Chlorophyll a (phaeo-pigments omitted) 
(Mg-I-I)

5.75 1.87-11.00

Phaeo-pigments
(Mg-I--L)

1.19 0.22-3.91

Vertical light extinction 
coefficient (m-l)

0.655 0.258-0.691
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Figure 3« Some physical and chemical parameters at Station I in 1974
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Table 5. The biomass (imn̂  cell volume*l-^) of the major phytoplankton groups at Station I 
in 1974

Date Chlorophyta Chrysophyta Cyanophyta Pyrrophyta Cryptophyceae* Total

Jan 21 0.091 0.052 0 0 0.595 0.738
Feb 18 0.084 0.083 0 0 0.024 • 0.191
Mar 30 0.098 0.027 0 0 0.844 0.969
Apr 25 0.126 0.038 0 0.289 1.428 1.881
June 5 1.007 0.749 0 0 2.275 4.031

17 0.720 0.811 0 0 1.022 2.553
July I 0.414 1.346 0.010 0.015 1.040 2.825

15 0.638 0.727 0.020 0 4.590 5.975
29 0.843 7.039 0.168 0 1.351 9.401

Aug 12 0.426 1.741 0.295 0 0.513 2.975
26 0.606 0.493 1.369 0.157. 0.700 3.325'

Sept 10 0.293 0.446 0.099 0.115 • 0.235 1.188
24 0.296 0.502 0.208 0.113 0.422 1.541

Nov 25 0.216 0.225 0.002 0.089 1.283 . 1.815
Dec 21 0.141 0.267 0.001 0 0.527 0.936

* Includes some algae of uncertain classification
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Figure 5. The biomass of the phytoplankton groups at Station I in 1974
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Table 6. The biomass Cramj cell volume-l-^) of the principal species of phytoplankton at Station I in 1974

Species
Jan
21

Feb
18

Mar
30

Apr
25

June
5

June
17

J u ly
I

J u ly
15

J u ly
29

Aug
12

Aug
26

Sept
10

Sept
24

Nov
25

Dec
21

Astericmella 0 .0 0 3 0 .0 0 1 0 .0 0 1 0 0 0 0 0 .0 2 0 0 .0 1 3 0 .0 2 3 0 .0 5 0 0 .0 2 4 0 .0 09 0 .0 17 0.020
formosa

Cyclotella 0 0 0 0 0 0 0 0 .0 1 9 0 .0 1 5 0 .0 4 4 0 .0 9 2 0 .3 0 8 0.264 0 .0 04 0
bodanica

Cyclotella 0 0 0 0 .0 1 4 0 .0 0 4 0 .0 0 4 0 0 .0 0 1 0 0 0 0 0 0 0
glomerate

Dirabryon 0 .0 0 1 0 0 0 0 .5 9 1 0 .7 0 8 0 .8 2 2 0 .3 4 3 0 .8 5 6 0 .0 5 6 0 .0 3 3 0 .0 3 4 0 .1 39 0 0
sertularia

Fragilzria 0 0 0 0 0 0 .0 0 3 0 .0 1 3 0 .2 1 9 6 .7 95 1 .5 19 0 .2 7 4 0 .0 7 3 0 .0 2 2 0 .0 52 0.046
erotenensis

Stepharadisaus 0 .0 4 9 0 .0 4 0 0 .0 1 2 0 0 0 0 0 0 0 0 0 0 0.054 0 .0 70
astraea

Synedra 0 .0 0 5 0 .0 0 6 0 .0 0 2 0 .0 0 1 0 .0 0 5 0 .0 0 5 0 .0 0 5 0 0 0 0 0 0 0 .0 04 0.007
spp.

Cryptomonas 0 .5 8 1 0 .7 3 9 0 .8 0 8 1 .3 8 2 2 .2 4 3 1 .0 1 2 1 .0 3 2 4 .5 5 8 1 .3 37 0 .4 9 6 0 .6 9 2 0 .2 3 1 0 .4 1 1 1.144 0.409
ovata

Fhodomonas 0 .0 0 5 0 .0 0 7 0 .0 3 6 0 .0 4 6 0 .0 3 2 0 .0 1 0 0 .0 0 8 0 .0 3 3 0 .0 1 4 0 .0 1 6 0 .0 0 9 0 .0 0 4 0 .0 12 0.139 0 .0 2 8
laeustris

Anabaena 0 0 0 0 0 0 .0 0 1 0 .0 1 0 0 .0 0 1 0 .2 1 8 0 .2 9 0 0 .5 0 4 0 .0 9 7 0 .0 29 0 0
flos-aquae

Glenodinium 0 0 0 1 .2 8 9 0 0 0 0 0 0 0 0 0 0 0
pulviseulus

Gyrnnodinium 0 0 0 0 0 0 0 .0 1 5 0 0 0 0 0 .0 6 3 0 .1 1 3 0.089 0
pulustre
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Figure 6. The biomass of some phytoplankton at Station I in 1974

autotrophic and heterotrophic abilities, maintained the greatest 

ecological advantage throughout the year. The phytoplankton community 

was adapted to low illumination during ice cover. The mean gross 

primary production of the phytoplankton during the study period was 

1.655 g (^-nf2-day--*-.
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Figure 7. The biomass of some phytoplankton at Station I in 1974 

Zooplankton Composition

Nine species were the principal components of the limnetic net 

zooplankton community in 1974 (Table 7). The population densities of 

these species at Stations I, 2, and 3 are presented in Tables 8 and 9 

and Figures 10, 11, 13, 15, 17, and 19. The densities at Station I are
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further tabulated by length groups (cladocerans) or developmental 

instars (copepods) in Tables 23-27 in the Appendix. The population 

biomass of the principal species at Station I are presented in Table 10. 

The relative contribution of each taxon (Rotiferai Cladocera, and 

Copepoda) and trophic level (herbivores and carnivores) to the total 

limnetic net zooplankton standing crop at Station I is depicted in

Table 7. The principal species of limnetic net zooplankton in 
Georgetown Lake in 1974

Rotifera

Asplanohna pviodonta Gosse 1850 
KeTatetla, coohlearis Gosse 1851 
Keratella quadr'ata O.F. Muller 1786

Cladqcera

Bosmina eoregoni Baird 1857 
Bosmina longirostris O.F. Muller 1785 
Ceriodaphnia quadrangula O.F. Muller 1785 
Chydorus. sphaerious O.F. Muller 1785 
Daphnia thorata Forbes 1893

Copepoda

Cyclops bicuspidatus thomasi S.A. Forbes 1882

Figure 9.

Station I data are more extensive than Station 2 or 3 data and 

provided the basis for more intensive population analysis. Station 2 and 

3 data were used to determine if the reservoir-wide limnetic net zoo

plankton community was homogeneous during the months of peak net
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zooplankton abundance.

The total standing crop of the limnetic net zooplankton at Station 

I is shown in Figure 8. The spring density pulse reflected the early

Figure 8. The standing crop of the limnetic net zooplankton at Station 
I in 1974

preponderance of rotifers in the samples, whereas the summer and autumn 

pulses reflected the combined importance of the cladocerans and copepods

concurrent with the decline of the rotifers.
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Figure 9. The relative (percentage) contribution of each taxon (Rotifera, 
Cladocera, and Copepoda) and trophic level (herbivores and carnivores) 
to the total limnetic net zooplankton standing crop at Station I



From January through early June, the rotifers accounted for 93.8 

and 47.8 percent of the mean net zooplankton density and biomass, 

respectively, at Station I. Throughout the sampling period, they com

prised 33.9 and 18.3 percent of the mean net zooplankton density and 

biomass, respectively, at Station I. From January through early June, 

the Kevatella comprised 99.6 percent of the mean rotifer density and 

92.9 percent of the mean biomass at Station I. From mid-June to early 

November, the Asplanohna accounted for 77.6 and 83.3 percent of the 

mean rotifer density and biomass, respectivelyat Station I. The dis

cordance in the peaks of Kevatella quadvata and K. ooohlearls supports 

Pennak’s (1957) contention that two limnetic species can coexist in the 

same niche if one species' is much more abundant than'the other. Pennak 

(1957) found K. quadvata, K. ooohleavls, and Asplanchna pviodonta ■to be 

the most common limnetic rotifers in 27 Colorado lakes. Edmondson (1965) 

reported that K. quadvata, and K. OoehleaJiIs are almost universally 

distributed and probably are the most common limnetic zooplankton i n . 

the world.

The cladocerans were most abundant at all stations in summer and 

early autumn. From early June through early October, they comprised 49.9 

and 47.8 percent of the mean net zooplankton density and biomass, 

respectively, at Station I. Throughout the sampling period, they 

accounted for 33.3 and 32.8 percent of the mean net zooplankton density 

and biomass, respectively, at Station I. At Stations 2 and 3, they



Table 8. Population densities (N, individuals•I-1) , excluding eggs, of the principal species of limnetic net
zooplankton at Station I in 1974

A. K. K. C. C. D. ' C.b.
priodonta cooklearis q^iadrata Bosmina quadrangula sphaerious thorata thomasi T o ta l

D ate  N N N N N N N N N

Jan 21 0 2 .4 1 2 .4 1 0 0 0 .0 9 0 0 .0 9 5 .0 0
Feb 18 0 5 .7 5 0 .6 7 0 .0 6 0 0 .2 3 0 1 .3 5 8 .0 6
Mar 15 0 2 6 .8 1 53 .9 0 0 0 0 .2 8 0 0 .2 8 81 .27

30 0 3 1 .1 3 1 4 .9 4 0 .0 9 0 0 0 0 .5 4 46 .70
Apr 13 0 4 4 .4 2 4 1 .0 0 0 0 0 0 0 85 .42

25 0 .1 4 4 1 .5 0 1 3 5 .58 0 0 0 0 1 .0 0 178 .22
May 10 0 .9 2 13 4 .35 64 .72 0 0 0 .0 8 0 1 .2 2 201 .29
June 5 0 .5 4 1 8 .1 1 0 .3 1 0 .0 3 1 .3 5 0 .8 8 0 3 .2 4 24 .51

12 0 1 .5 2 0 .0 8 0 .2 4 1 .4 4 1 .4 7 0 4 .8 6 9 .6 1
17 0 3 .2 4 0 .3 5 0 .2 4 0 .4 3 2 .2 2 0 3 .9 5 10 .43
27 0 .2 0 5 .2 2 0 0 .0 3 19 .3 2 28 .69 0 .2 3 48 .24 101 .93

J u ly  I 0 1 .4 8 0 3 .9 3 12 .0 4 56 .1 4 0 .2 8 154 .45 228 .32
8 16 .96 0 .6 2 0 1 0 1 .02 12 3 .52 4 .1 1 2 .6 6 429 .12 678 .01

15 9 .1 7 0 0 1 3 5 .24 21 3 .90 1 .9 1 2 .5 1 275 .42 638 .15
22 27 .86 0 0 33 .6 0 119 .62 ' 1 .4 6 ■ 3 .8 3 279.84 466 .21
29 7 .8 3 0 0 52 .45 59 .89 2 .1 3 4 .4 4 202.30 329.04

Aug 5 2 .6 9 0 0 2 5 .32 . 87 .6 0 1 .6 0 4 .8 4 ’ 88 .39 210,44
12 0 .3 0 0 .0 5 0 1 .6 9 43 .0 4 0 .8 5 2 .4 0 14 .88 63 .21
18 1 .8 6 0 .1 2 0 6 .2 8 75 .63 2 .5 7 11 .65 70.69 168 .80
26 0 .2 9 0 0 5 .4 2 64 .76 5 .4 4 20 .07 61.04 157 .02

Sept 2 0 0 0 1 .6 0 28 .65 2 .1 3  ■ 8 .2 2 24.03 64 .63
9 0 .1 1 0 ' 0 2 .8 3 27 .61 2 .1 0 11 .3 8 14.29 58 .32

15 0 .0 3 0 .0 3 0 0 .0 3 1 8 .1 1 1 .7 6 6 .6 9 7 .51 34 .48
23 0 .2 6 0 0 0 .3 4 35 .46 3 .34 8 .2 2 11 .32 38 .97
29 0 .2 0 0 0 1 .0 0 6 .8 1 1 .6 8 5 .0 4 8.17 22 .90

Oct 6 1 .4 9 0 .0 2  - 0 0 .2 2 3 .4 7 1 .7 7 3 .0 4 11.27 21 .28
13 11 .1 1 0 .0 2 0 0 .7 7 0 .4 0 0 .8 0 1 .5 5 12.79 27 .44
20 1 3 .4 2 0 0 0 .8 9 0 .3 5 1 .7 3 1 .7 6 11 .16 29 .31
26 1 3 .9 5 0 0 0 .2 9 0 .1 9 0 .9 4 • 0 .6 1 7.24 23.22

Nov 2 12 .5 7 0 0 0 .2 3 0 .1 9 1 .3 0 0 .8 8 18 .54 33 .62



Table 9. Population densities (N, individuals• I--*-), excluding eggs, of the principal species of limnetic net
zooplankton at Stations 2 and 3 in 1974

A. K. K. C. C. D. C.b.
priodonta aoahlearis quadrata Bosmina quadrangula sphaericus thorata thomasi T o t a l

D a te N N N N N N N N N

S t a t i o n  2

June 5 
12' 
17

0 4 .3 4 0 .0 9 0 .1 9 0 .3 8 0 .4 7 0 1 .7 9 7 .3 5

0 3 .8 5 0 0 .3 0 0 .8 9 2 .0 7 0 4 .1 5 1 1 .2 6
27 1 .9 6 4 .6 7 0 2 .0 3 1 1 .1 8 4 .0 6 0 2 0 .9 2 4 4 .8 9

J u l y  I 0.-93 0 .5 1 0 ■ 1 1 .6 2 1 7 .9 1 7 .4 6 0 .0 8 6 2 .4 4 1 0 0 .9 5
8 5 .4 8 0 .1 8 0 4 3 .1 0 8 3 .2 8 1 .4 6 ■ 1 .2 7 4 0 8 .3 7 5 4 2 .9 6

15 3 .8 7 0 0 3 1 .3 5 2 0 3 ,3 4 1 .4 2 2 .6 3 2 1 5 .5 4 4 5 8 .1 5
22 9 .6 1 0 0 1 7 .0 1 7 0 .6 5 .0 .9 1 1 .0 5 2 3 3 .0 8 3 3 2 .3 1
31 0 .1 5 0 0 5 .9 1 1 1 .1 8 0 .1 5 0 .5 0 1 2 .0 3 2 9 .9 2

Aug 5 0 .2 1 0 0 6 .5 8 6 6 .7 2 0 .4 2 4 .6 5 . 4 1 .9 7 1 2 0 .5 5

18 0 .3 3 0 0 1 .1 4 3 7 .8 5 0 .8 9 5 .7 7 3 1 .5 6 77 .5 4
26 0 .1 8 0 0 2 .1 2 5 6 .5 3 1 .8 6 ' 8 .6 8 1 7 .7 7 8 7 .1 4  ■

S ep t 2 0 . 0 0 0 .6 6 2 0 .2 7 0 .5 2 3 .8 7 1 4 .3 0 3 9 .6 2

June 5 0 2 .0 3 0

I

0

S t a t i o n  3

0 .5 1 0 .1 7 0 1 .1 9 4 .0 7
12 — — ----- - — — — — — — — —

■ 17 — — — — — — — —  —  — —  —  — ■»——
27 0 5 .7 0 0 0 .2 5 6 .5 7 1 9 .2 1  ' 0 8 .3 1 4 0 .0 4

J u l y  I 0 3 .6 9 0 3 .2 1 1 2 .8 3 1 5 .0 7 0 4 7 .3 0 8 2 .1 0
8 2 6 .2 1 0 .6 9 0 5 1 .0 4 1 4 8 .3 0 3 9 .3 2 2 .0 7 1 8 2 .1 6 4 4 9 .7 9

15 2 5 .9 0 0 0 1 5 2 .6 7 7 4 9 .7 3 3 4 .0 8 4 .0 9 4 1 0 .2 9 1 ,3 7 6 .7 6
22 ——— — ——— ——— — --- - ——— ——— ___
31 0 0 0 3 .6 3 1 8 .1 5 1 .5 1 1 .5 1 3 5 .9 8 60 .7 8

Aug 5 0 0 0 1 .8 6 1 9 .6 6 0 .4 1 0 .8 3 8 .4 0 3 1 .1 6
12 —— — --- — — — — — —--- —--- — — — —— —
18 0 .7 3 0 0 0 .1 8 3 8 .9 7 6 .4 0 1 .4 6 1 2 .0 6 5 9 .8 0
26 0 .1 1 0 0 0 .1 1 2 0 .7 5 6 .3 0 0 .4 6 0 .9 9 28 .7 2

Sep t 2 0 .2 2 0 0 0 .0 7 4 0 .2 9 2 .5 0 0 .4 4 ■ 4 .3 4 4 7 .8 6

IwViI



Table 10. Population biomass (B, g-m- 2 , dry weight), including eggs, of the principal species of limnetic net •
zooplankton at Station I in 1974

Date

A.
■pviodonta

B

K.
ooahlearis

B

K.
q u a d m t a

B
Bosmina

B

. c. c.
quadtxmgula sphaerious 

B B

D.
thorata

B

C.b.
thomasi

B
T o t a l

B

Jan 21 0 0 .0 0 2 0 .0 0 2 0 0 0 .0 0 2 0 0 .0 1 3 *0 .0 1 9
Feb 18 0 0 .0 0 3 L* t * 0 0 .0 0 4 0 0.049 0 .0 57
Kar 15 0 0 .0 1 9 0 ,0 4 1 0 0 0 .0 0 5 0 0 .0 4 0 0 .1 05

30 0 0 .0 1 9 0 .0 1 0 0 .0 0 2 0 0 0 0 .0 22 0 .0 53
Apr 13 0 0 .0 3 5 0 .0 3 3 0 .0 0 3 0 0 .0 0 3 0 0 0 .0 74

25 0 .0 0 2 0 .0 3 2 0 .1 0 1 o .o o i  ■ 0 .0 0 1 0 .0 0 1 0 0 .0 20 0 .1 58
May 10 0 .0 1 5 0 .1 2 1 0 .0 6 2 0 0 0 .0 0 1 0 0 .0 3 6 0,235
June 5 0 .0 0 9 0 .0 1 6 t 0 .0 0 1 0 .0 3 2 0 .0 1 5 0 0 .0 54 0.127

12 0 0 .0 0 1 t 0 .0 0 3 0 .0 4 5 0 .0 2 5 0 0 .1 46 0 .2 20
17 0 0 .0 0 3 t 0 .0 0 3 0 .0 0 8 0 .0 3 8 0 0.117 0.169
27 0 .0 0 3 0 .0 0 4 0 t 0 .4 5 7 0 .4 6 2 0 .0 1 1 1.242 2.179

J u ly  I 0 0 .0 0 1 0 0 .0 5 0 0 .1 8 7 0 .9 04 0 .0 0 9 2.081 3.232
8 0 .2 7 1 t * 0 1 .0 1 3 2 .0 1 0  ■ 0 .0 6 0 0 .1 3 6 7.447 10 .937

15 0 .1 4 7 0 0 1 .2 32 3 .4 72 0 .0 2 7 0 .1 6 2 5 .3 04 10 .344
22 0 .4 4 6 0 0 0 .3 2 3 2 .3 32 0 .0 19 0 .2 5 3 4.445 7.818
29 0 .1 2 5 0 0 0 .5 6 7 1 .1 6 4 0 .0 35 0 .2 2 4 3.755 5 .8 7 0

Aug 5 0 .0 4 3 0 0 0 .2 3 9 1 .5 6 5 0.019 0 .2 9 5 2.053 4 .214
12 0 .0 0 5 t 0 0 .0 1 4  - 0 .8 0 3 0 .0 1 1 0 .1 2 2 0.332 1 .287
18 0 ,0 3 0 t 0 0 .0 6 2 1 .4 3 0 0 .0 4 1 0 .4 8 9 1 .8 43 3.895
26 0 .0 0 5 0 0 0 .0 5 1 1 .3 3 5 0 .0 79 0 .9 7 3 1.550 3 .993

JSept 2 0 0 0 0 .0 1 7 0 .5 7 7 0 .0 3 0 0 .2 8 1 . 0 .7 6 6  • 1 .6 71
9 0 .0 0 2  ' 0 0 0 .0 2 7 0 .5 5 9 0 .0 3 0 0 .4 9 1 0 .4 20 1.529

15 t * t 0 t 0 .4 0 3 0 .0 2 6 0 .2 3 7 0 .2 50 0 .9 1 8  '
23 0 .0 0 4 0 0 0 .0 0 4 0 .3 6 1 0 .0 5 3 0 .3 64 0 .4 21 1 .2 07
29 0 .0 0 3 0 0 0 .0 09 0 .1 6 8 0 .0 3 0  ' 0 .2 46 0 .2 50 0 .7 06

Oct 6 ■ 0 .0 2 4 t 0 0 .0 0 3 0 .0 9 2 • 0 .0 3 0 0 .1 29 ■ 0 .289 0.567
13 ■ 0 .1 7 8 t 0 0 .0 0 9 0 .0 1 0 0 .0 1 3 ■ 0 .0 6 3 0 .254 . 0 .527
20 0 .2 1 5 0 0 0 .0 1 0 0 .0 09 0 .0 2 4 0 .0 6 3 0 .2 6 6 0.587
26 0 .2 2 3 0 0 0 .0 0 4 0 .0 0 5 0 .0 14 0 .0 2 7 0 .1 93 0 .4 66

Nov 2 0 .2 0 1 0 0 0 .0 0 3 0 .0 3 9 0 .0 19 0 .0 39 0.495 0.796

*  0 < t< 0 .0 0 1
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averaged 45.6 and 62.1 percent, respectively, o f ■the mean net zooplank

ton density from early June to early September.

From mid-May through early July, Chydorus sphaeriaus comprised 66.4 

and 62.1 percent of the mean cladoceran density and biomass, respectively, 

at Station I, whereas, over the entire study period, it averaged 30.4 

and 26.8 percent of the mean density and biomass, respectively. Bosmina 

accounted for 33.7 and 21.5 percent of the mean cladoceran density and 

biomass, respectively, at Station I from early July through early August, 

and comprised 13.8 percent of the mean density and 9.1 percent of the 

mean biomass over the entire study period. Ceriodaphnia quo,drangula was 

the dominant cladoceran in 1974, averaging 35.2 and 36.5 percent of the 

mean cladoceran density and biomass, respectively, at Station I through

out the study period. From early July through late September, Cerio- 

daphnia comprised 67.7 and 64.6 percent of the mean density and biomass, 

respectively, at Station I. Daphnia thorata comprised 29.2 percent of 

the mean cladoceran density and 47.6 percent of the mean biomass at 

Station I from mid-August through early November, and" only 12.3 and 

20.9 percent of the mean cladoceran density and biomass, respectively, 

over the entire study period.

The copepod, Cyelops biauspidatus thomasi, was present in detectable 

numbers at all stations on all sampling dates except April 13 at Station 

I. During the study period, Cyclops averaged 32.8 and 30.4 percent of 

the mean net zooplankton density and biomass, respectively, at Station I.
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Cyctops comprised 44.5 and 29.7 percent of the mean net zooplankton 

density at Stations 2 and 3, respectively, from early June to early 

September. From mid-June through mid-September, Cyetops averaged 43.6 

percent of the mean net zooplankton density and 51.5 percent of the mean 

biomass at Station I.

The general succession of zooplankton throughout the sampling 

period was noted from the dates of peak population densities. At Station 

I, X. quadrata appeared first, followed by K. eoeTtleapis, C. sphaerieus, 

C'b. thomasi, Bosmina, C. quadranguta, A. priodonta, and D. thorata. At 

Station 2, the order of summer succession was: C. SphaevLeusi Bosmina, 

C.b. thomasi, C. quadranguta, A. priodonta, and D. thorata. The order 

at Station 3''was: C. sphaerieus,- A, priodonta,, and...then the regaining, 

species (excluding the KerateVld), which attained maximum densities on 

about the same date.

Based on the Kruskal-Wallis test statistic, X, there were no signi

ficant (p<0.01) differences in the mean population densities of the 

cladocerans, copepods, or Asptanehna between Stations 1-3 from June 5 

through September, the period of peak net zooplankton abundance. The 

reservoir-wide limnetic net zooplankton community was therefore assumed 

to be homogeneous in the summer, with Station I then selected as being 

representative of the limnetic habitat. The Xeratettd were not subjected 

to statistical analysis because they essentially were absent from the 

samples from all stations after early June. Statistical data are sum

marized in Table 11.
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Table 11. Kruskal-Wallis one-way analysis-by-rank of population 
densities of net zooplankton at Stations 1-3 in 1974

Species
Degrees of 
freedom

Computed
K S or NS*

A. pviodonta 2 1.2 NS

Bosmina 2 1.7 NS

C. quadvangula 2 0.6 NS

C. sphaevicus 2 6.4 NS

D. thovata 2 2.4 NS

C.b. thomasi . 2 2.7 NS .

Total net zooplankton 2 1.9 NS

* S and NS are significant and insignificant (p<0.01), respectively, 
differences in population densities between Stations 1-3

Seven of the species (all of the cladbcerans and both KevateXta 

species) are filter-feeding herbivores. Cyolops bXousptdatus thomasX ' ' 

is a raptorial herbivore in the N-CIII instars and a raptorial carnivore 

in the CIV-Adult instars. Asplanohna pviodonta is a life-long carnivore. 

Brooks (1969), Edmondson (1965), Fryer (1957), McQueen (1969), and 

Saunders (1969) were the sources of information on trophic status of the 

species cited. Throughout the study period, the herbivores averaged 78.9 

and 45.1 percent of the mean net zooplankton density and biomass, 

respectively, at Station I. The carnivores comprised 21.1 percent of the 

mean density and 54.9 percent of the mean biomass at Station I. The
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carnivores showed a gradual increase in density dominance from January 

to November,

The equation best relating the total limnetic net zooplankton 

density (N1̂ ) and biomass ,(BtJ1) at Station I  during the study period is:

Bt = 15.911Nt - 0.340.

The equation correlation coefficient (r = 0.94) is highly significant

(p<0.01).

Momentarily, a typical limnoplankton community includes primary 

producers (autotrophic bacteria and phytoplankton) and consumers 

(herbivorous and carnivorous zooplankton). In most lakes, the number of 

species representing each trophic level of consumers is not highly 

variable, and contains one or two species of the Copepoda, zero to five 

of the Cladocera, and zero to 10 of the Rotifera (Pennak 1957). The 

typical community also contains, momentarily, a single species each 

in the Rotifera, Cladocera, and Copepoda that is much more abundant 

(usually more than 50 percent of the total group density) than the other 

species in these groups (Pennak 1957). The Georgetown Lake community 

contained at any given time one copepod species, one to five cladoceran 

species, and zero to three or more rotifer species. The single, most 

dominant cladoceran averaged 64.3 and 68.1 percent of the mean cladoceran 

density and biomass, respectively, at any given time. The single, most 

dominant rotifer averaged 88.7 and 87.8 percent of the mean rotifer
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density and biomass, respectively, at any given time. Pennak (1957) 

also noted that if only a single copepod species is present in the 

limnoplankton, it probably is Cyclops bicuspidatus thomasi rather than 

a diaptomid or another cyclopoid species. Cyclops blcuspi-datus thomasi 

was the only copepod species in the Georgetown Lake limnoplankton 

community in 1974.
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140-

Figure 10. Population data for Asplanahna priodonla (upper), Keratella
ooahleaids (center), and Keratella quadrata (lower) at Station I in 1974
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Figure 11. Population data for Bosmina at Station I in 1974



D
U

A
LS

 ■ 
IN

D
IV

ID
U

A
L 

• D
AY

, 
, 

E
G

G
S

 • 
A

D
U

LT
 F

E
M

A
LE

r & b

Figure 12. Population data for Bosmina at Station I in 1974
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Figure 13. Population data for CeryLodaphnia quadrangula at Station I
in 1974
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Figure 14. Population data for Ceviodaphnia quadvangula at Station I
in 1974
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Figure 15. Population data for Chydorms sphaerious at Station I
in 1974
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Figure 16. Population data for Chydorus sphaerious at Station I
in 1974
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Figure. 17. Population data for Daphnia tiiorata at Station I in 1974
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>  0.4 -

Figure 18. Population data for Daphnia thorata at Station I in 1974
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Figure 19. Population data for Cyclops bicuspidatus thomasi at Station
I in 1974



V
D

U
A

LS
 • 

IN
D

M
D

U
A

C
 •

 D
AY
'1 

<7 
E

G
G

S
-A

D
U

LT
 F

E
M

A
LE

-52-

r & b

I i i i I i i I I I---- 1

T -1 F ' M  1 A  ' M ' J ' J ' A l S 1 O 1 N 1 D

Figure 20. Population data for Cyclops bicuspidatus thomasi at Station
I in 1974
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Nutrients and Phytoplankton-Net 
Zooplankton Standing Crops at Station I

The peak orthophosphate concentrations in late April were followed 

by high chlorophyll a levels through May. In late April, the principal 

components of the phytoplankton community were the unicellular flagel

lates, Glenodinivm yulViseulus, BJnodomonas Iaaustvisi and Cvyptomonas 

ovata. These species comprised more than 90 percent of the algal biomass 

then. Cyclotella glomevata and small Chlorophyta species also were 

present, but represented less than 10 percent of the algal biomass. In 

the latter part of the spring chlorophyll a pulse (late May to early 

June), C. ovata and the Chlorophyta achieved dominance. Dinobvyon 

sevtulaxia gradually increased to a peak in early June. By early June,

G. pulvisoulus and R. Iaeustvis had declined to very low levels.

The April chlorophyll a peak was followed by pulses of Kevatella 

quadvata and K. eoehleavis in late April and early May. The rotifer 

increase probably was in response to improved food conditions. The 

unicellular flagellates are preferred food of Kevatella (Edmondson 1965). 

Pourriot (1963) found that Kevatella can ingest Cvyptomonas cells as 

large as.16 by 48 /m, but the genus is a poor food source in laboratory 

rotifer cultures. Small, simply shaped cells less than 20 /m in the 

maximum dimension are the most suitable food source for Kevatella 

(Hutchinson 1967). Small winter populations of Stephanodiseus astvaea 

and Synedva declined coincidentally with the increasing Kevatella 

populations, but these algal populations probably were dominated by



senescent, non-dividing cells. McMahon and Rigler (1963) noted that 

senescent Chlorella vulgaris cells inhibited the filtering and feeding 

rates of Daphnia magna. Ryther (1954) found that senescent, non-dividing 

algal cells inhibited growth and reproduction in D. magna. He proposed 

that the inhibition of filter-feeding herbivores by external metabolites 

of senescent phytoplankton populations forms the physiological basis for 

Hardy’s (1936, in Ryther 1954) theory of animal exclusion. From such 

evidence, albeit circumstantial, I suggest that the declining S. astraea 

and Synedra populations, were not intensively grazed by Keratella. Their 

decline may have been caused by other factors, such,as increasing water 

temperature (Hutchinson 1967).

The decline of C. glomerata was coincident with increasing Keratella 

populations, decreasing orthophosphate concentration, and increasing 

water temperature. Raymont (1963) noted that small diatoms capable of 

rapid cell division and population increase typically are abundant early 

in the year when nutrient levels are high and the water temperature is 

low. The decline of small diatoms with decreasing nutrient levels and 

increasing water temperature is accentuated by zooplankton grazing. 

Edmondson (1965) observed Keratella actively feeding on C. glomerata.

The increasing C. ovata population in April and May despite 

Keratella grazing pressure was consistent with Pourriot1s (1963) view 

on the unimportance of Cryptomonas as food for Keratella. Because of 

its autotrophic and heterotrophic abilities, C. OVata had the greatest
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ecological advantage throughout the year (Knight et al. 1976) and 

probably could have increased at a rate greater than it could be removed 

even by intense grazing, assuming otherwise favorable environmental 

conditions (Ryther 1954).

It is unusual that Kevatella was most abundant in the spring when 

the water temperature was less than 4 C. Edmondson (1965) observed peak 

standing crops of Kevatelta at temperatures near 20 C when competition 

and predation were minimized. Hutchinson (1967) described K. eochleavis 

as a late spring-early summer species in most temperate lakes, whereas 

K. quadvata is normally an autumn species. The decline of Kevatella in 

the samples preceded the appearance of obvious competitors or predators. 

The most obvious explanation for the rotifer demise is the change in 

the sampling apparatus on June 5. The small-mesh Wisconsin net and the 

Birge-Juday plankton trap used prior to June 5 were much more efficient 

than the larger-mesh net of the Clarke-Bumpus sampler used from June 5 

on in capturing small rotifers. The samples collected with the 

Clarke-Bumpus sampler undoubtedly showed less-than-actual,Kevatella 

densities.

A second explanation for the decline of the Kevatetla is the 

possible lack of a suitable food source following the decline in the 

unicellular flagellates, accompanied by the increasing crop of the 

Chlorophyta. Edmondson (1965) cited a significant decline in K. coeh- 

leavis birth rates due to the antibiotic properties of senescent
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ChZoretla cells.

The decreasing chlorophyll a concentration from late April to early 

June seemed related to zooplankton grazing pressure and nutrient deple

tion. Algal nutrient uptake was indicated by the increasing concentration 

of organic phosphorus from mid-February to early June. The more rapid 

rate of chlorophyll a decline from early to mid-June was accompanied by 

a decrease in organic phosphorus. At that time, the herbivores were 

sparse and grazing pressure was minimal, suggesting that nutrient 

(orthophosphate) deficiency limited phytoplankton growth.

■ Dinobryon 'sertularia reached peak biomass in early June when the 

orthophosphate concentration was lowest. No other species of algae 

peaked at that time, which was consistent with Hutchinson’s (1967) 

observation that Dinobryon develops maximally at phosphorus levels 

low enough to limit the growth of other algae. The decline of the 

Chlorophyta and Cryptophyceae in coincidence with the reduced ortho

phosphate concentration in late June is evidence of the greater 

orthophosphate requirement of these groups.

The peak standing crop of Chydorus sphaericus in early July roughly 

paralleled the pulse of D. sertulccria, but because of the substantial 

crops of the Chlorophyta, Chrysophyta, and Cryptophyceae also present 

then, I cannot conclude that Dinobryon was the preferred food that 

caused the Chydorus population increase. The peak crop of Chydorus 

preceded the appearance of the other cladocerans and it never was present



in numbers great enough to exert noticeable grazing impact on the phyto

plankton. The decline of Dbiobryon sevtutca?i.a was attributed to its low 

maximum intrinsic growth rate (compared to other algae), even with 

increasing nutrient levels (Lehman 1976).

The short pulse span of Chydorus was correlated with increasing 

numbers of cladoceran competitors (.Bosmina and Ceriodccphnia quadrangula) 

and copepod predators.(CIV-Adult Cyclops bicuspiddtus thomasi). Chydorus 

sphaericus normally is a littoral herbivore that invades the limno- 

plankton only when predation is minimal and larger planktonic herbivores 

are sparse (Brooks 1969; Hutchinson 1967). Fryer (1957) and McQueen 

(1969) observed late instar cyclopoid copepods'preying on small 

chydorids. In several samples, I noted CIV-Adult Cyclops clutching 

Chydorus in their mouth parts.

The second pulse of chlorophyll a was in July and August and 

resulted from improved nutrient conditions. Until mid-July, the pulse 

was dominated by the Chlorophyta, Cryptomonas ovata, and Fragilaria 

crotenensis. As the food availability increased, so did the density of 

the planktonic herbivores, Bosminai Ceriodaphnia quadrangula, Daphnia 

thorata, and N-CIII C.b. thomasi. Herbivore grazing may have depleted 

the C. ovata crop, but it had little noticeable impact on the Chloro- 

phyta biomass or the chlorophyll a concentration.

An interesting phenomenon occurred in early July, in which the lake 

water transparency increased, as indicated by the decreasing vertical
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light extinction coefficient, despite the increasing phytoplankton 

biomass and chlorophyll a concentration. Increasing levels of phyto

plankton usually cause decreased transparency (an increased extinction 

coefficient) due to absorption of incident light by phytopigments 

(primarily chlorophyll a). Except in the first 2 weeks in July, the 

extinction coefficient generally was positively correlated with the 

chlorophyll a concentration. But for those 2 weeks, the light extinction 

seemed controlled by something other than chlorophyll a, such as 

suspended organic detritus.

The concentration of phaeo-pigments- may be an index of the abun

dance of plant detritus in the seston. Phaeo-pigments are chlorophyll 

degradation products that have light absorption spectra identical to 

those of active chlorophyll species (Strickland and Parsons 1975). The 

high light extinction coefficient in late June coincident with the peak 

phaeo-pigment level and low chlorophyll a concentration hints that 

perhaps much of the reduced transparency then was due to abundant 

suspended plant detritus. The subsequent increase in the transparency 

in early July despite the rising chlorophyll a level was coincident with 

the declining phaeo-pigment concentration. Then, after the phaeo-pigment 

content reached a low and while the chlorophyll a level continued to 

rise, the transparency again decreased. This sequence of events suggests 

that suspended plant detritus, due to its high density relative to 

chlorophyll a, temporarily controlled the extinction of the incident
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light in late June and early July. Following the reduction in the

sestonic detritus by mid-July, the light extinction apparently was again

controlled by the live phytoplankton.

The decline in sestonic plant detritus in early July might have 

been due to intensive grazing by the cladocerans. When the cladoceran 

densities are compared to the extinction coefficient and the 

phaeo-pigment concentration curves, it is evident that a significant 

increase in lake transparency and a large decrease in plant detritus 

occurred concurrently with the maximum herbivore grazing pressure. This 

is suggestive that the cladocerans temporarily and intensively grazed 

the suspended detritus. Several other investigators (Hillbricht-Ilkowska 

et at. 1966-; Neumann 1921; Nauwerck 19.63; Pennak 1955; Saunders 1969) 

have found that suspended organic detritus is a major zooplankton food 

source in nutrient-rich lakes with abundant aquatic plants. Additional 

evidence supporting this theory is presented later in the discussions' 

on cladoceran egg production and population dynamics. Lake transparency 

may also have increased somewhat as sestonic detritus settled Out of the 

water column, although the regular wind action across the reservoir kept 

the water well circulated. The release of grazing pressure on the phyto

plankton, the increasing concentration of orthophosphate, and the warmer 

water probably led to the peak chlorophyll a concentration and peak 

phytoplankton biomass in late July. Wright (1.965) observed a similar 

response by phytoplankton and chlorophyll when zooplankton grazing
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intensity was reduced and nutrient conditions improved in Canyon Ferry 

Reservoir.

The sequence of zooplankton succession suggests that Bosnrtna was 

displaced by competition from Ceriodccphwta and Baphnia and by predation 

on young Bosmina by Asplanohna priodonta. Similarly, the initial pulse 

of Daphnia may have been subdued by competition from Ceriodaphnia. The 

decline of Ceriodaphnia in late July may have been due to predation on 

young cladocerans by CIV-Adult Cyclops biouspidatus thomasi. Due to the 

small size of even the large Ceriodaphniai predation by planktivorous 

fish probably was negligible.

The decrease in water transparency in late July corresponded to the 

summer chlorophyll a and phytoplankton biomass maxima. The Chlorophyta 

and Chrysophyta were the dominant groups.then; Fragilaria erotenensis 

was the predominant diatom. The rapid decline of chlorophyll 'a and the 

phytoplankton biomass in August was attributed to grazing by large 

numbers of Daphnia and Ceriodaphnia. By then, the other planktonic 

herbivores were nearly absent from the limnoplankton. .

Coincident with the peak standing crop of Daphnia thorata were the 

Anabaena flos~aquae and Chydorus sphaerious pulses. Also present were 

large crops of Cryptomonas OVatai Cyolotella bodaivtca, and the Chloro- 

phyta. The sharp decline in Daphnia following the blue-green algae peak 

may have indicated a response to toxicity (Gorham 1965). Arnold (1971)

* did not find A., flos-aquae to be acutely lethal to Daphnia pulex, but
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he did note that ingestion, assimilation, lifespan, and reproduction 

of individuals fed Anabaena flos-aquae and other blue-green algae 

were significantly less than in those fed green algae. In Georgetown . 

Lake, the pulse of blue-green algae in August may have inhibited repro

duction, growth, and survival of Dapfaria., but the presence of other 

algae groups probably moderated any toxicity of the cyanophytes so that 

the Daphnia population was maintained at reduced levels through Septem

ber. The appearance of Chydovus sphaevicus during the cyanophyte pulse 

corresponds to Brooks’ (1969) observation that this cladoceran can 

utilize blue-green algae without toxicity reactions. The eventual 

decline in Daphnia and Ceriodaphnia was attributed to the declining 

water temperature rather'than'to a diminishing food supply. Green (1966) 

cited a decrease in cladoceran egg production at the onset of winter 

when temperature was rapidly dropping, even with an increasing food 

supply.

The increasing orthophosphate concentration in September reflected 

nutrient release by phytoplankton decomposition and algal cell destruc

tion in the guts of zooplankton. The decreases in the chlorophyll a, 

orthophosphate, and organic phosphorus concentrations after late Septem

ber corresponded to phosphorus uptake in the lake sediments, indicating 

mineralization of organic phosphorus from decomposing phytoplankton and 

macrophytes (Knight et at, 1976).
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Egg Density and Mean Clutch Size
of the Cladocera and Copepoda at Station I

The mean egg density (E), adult female density (Na£), and adult 

female clutch size (Ea^) of the cladocerans and copepods at Station I 

are presented in Tables 14-18 and Figures 11-20.

Chydorus sphaer-tcus. The rapidly increasing egg density in late 

June and early July, paralleling the June chlorophyll a pulse and rising 

water temperature, was due to peak density of reproductive females and 

large mean clutch size. The subsequent decline in egg density preceding 

the reduction in clutch size was due to the loss of adult females. Adult 

female loss was incident to predation by Cyclops. The population decline 

in early June'resulted, from reduced egg production despite the increased 

mean clutch size. The sharp drop in clutch size in late July paralleled 

the earlier increase in water transparency .and chlorophyll a and may 

have reflected the low nutritive value of the detrital food and the 

effect of higher water temperature. I previously suggested that the 

cladocerans temporarily switched to detrital food in early July. Green 

(1966) noted reduced clutch sizes in Daphnia that had grazed detritus. 

MacArthur and Baillie (1929) reported minimal clutch sizes in cladocerans 

subjected to high water temperature. The temperature influence is 

indirect. Higher water temperatures reduce the adult female length, 

which, in turn, reduces the clutch size (GreCn 1956).

The minor egg density peak in late July was due mostly to large
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mean clutch size rather than to an abundance of adult females, and 

probably prevented population depletion by predation. The high chloro- • 

phyll a concentration may have led to increased fecundity, but Hutchinson 

(1951) suggested that low population density often provokes increased 

clutch size to compensate for the loss of reproductive females.

The late August density pulse and larger mean clutch size probably 

were due to improved nutrition afforded by the cyanophyte pulse. The 

declining egg density and mean clutch size in early September paralleled 

the loss of blue-green algae and chlorophyll a. The sudden increase in 

clutch size in October did not correspond to greater adult female 

density, but may have compensated for the low population density in 

autumn. Ephippia were not observed in any chydorids in 1974. The 

variation in egg density and mean clutch size after mid-July caused 

little fluctuation in population density, suggesting that reproduction 

was mediated by an almost equivalent rate of mortality.

Bosmtna spp. The peak mean clutch size occurred in mid-June and 

may have been in response to the increasing chlorophyll a concentration. 

The egg, adult female, and population densities remained low until early 

July. A lesser peak in the mean clutch size was coincident with the peak 

egg density in early July, but maximal mean clutch size and adult female 

and population densities did not occur until about a week later. The 

increased egg production in mid-July was due to large numbers of repro

ductive females rather than to large mean clutch size. The decline in
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mean clutch size in mid-July coincided with the phenomenon of increased 

water transparency coincident with the rising chlorophyll a level. 

Consequently, it was attributed to the utilization of detrital food of 

low nutritive value.

The small egg density pulse in late July was coincident with 

increased density of adult females and small mean clutch size. Egg 

production was barely sufficient to maintain the population through 

August. The autumn.peak in the mean clutch size probably averted 

population depletion due to competition from Ceiriodaphn-Ia and Daphn-La 

and predation by Cyclops and Asplanchna. Although the autumn increase 

in the clutch size occurred with declining water temperature, ephippia 

were not produced. An overwintering population of adults may have 

formed. After July, increased mortality seemed to mediate the effect of 

increased fecundity so that the population density remained nearly 

constant at very low levels.

Ceraodaphnla quadrangula. The sharp increase in the mean clutch 

size and egg density in late June paralleled the minor chlorophyll a 

pulse in June and probably led to the population expansion in early 

July. The maximum egg production occurred in early July and was due to 

large mean clutch size and maximum adult female density. The sharp 

drop in the mean clutch size in mid-July was attributed to grazing on 

detritus, as previously suggested.. The coincident increase in adult 

female density tended to compensate for the loss in fecundity so that
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egg production remained high throughout July. Some ephippia were pro

duced during peak population density. Wright (1965), citing Hutchinson 

(1964), suggested ephippia production during peak population density 

"is another way of moderating the tendency to random extinction."

The increased egg density in early and late August presumably was 

in response to improved food conditions. Adult females were,abundant 

then, but the mean clutch size was small. Egg production was sufficient 

to maintain a nearly constant population density in August,, but both 

egg production and population density declined steadily throughout 

September.and October. The population decline preceded the.drop in the 

chlorophyll a concentration. Ephippia were produced in September as the 

water temperature dropped. Green (1966) reported that all CeT-iodaphnia 

species are summer forms that overwinter as resting eggs and reactivate 

in late spring. Ephippial eggs lack hemaglobin and ate suited to anoxic, 

conditions in ice-covered lakes (Waterman 1960). •

• Daphnia ihovata. The early July egg density peak was due to maximum 

mean clutch size and coincided with low population density, high water 

temperature, and increasing chlorophyll a. The resultant population 

increase in July seemed dampened by competition from Bosmina and 

Ceriodaphnia and by predation on young Daphnia by Cyclops. The sudden 

decline in mean clutch size and egg density in mid-July was coincident 

with the increased water transparency and was attributed, as in the 

other cladocerans, to detrital feeding. There was a subsequent increase
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in the mean clutch size and egg density coincident with the decreasing 

water transparency and rising chlorophyll a and phytoplankton biomass, 

suggesting a switch to live phytoplankton then.

The egg density rose to a peak in late August following the decline 

in Bosm-ina, Ceviodccphnia, Cyelops, and Asplanehna. The chlorophyll a 

concentration was ebbing then. Any inhibitory effects of the August 

cyanophyte pulse probably were moderated by large crops of other algae 

groups. At that time, egg production was due to the abundance of repro

ductive females with small mean clutch size.

The increase in mean clutch size in early September compensated for 

the decline in adult female density so that egg production, although 

reduced, could still prevent population elimination. The subsequent 

decline in the mean clutch size was followed by an egg density peak about 

a week later. This peak was composed partly of ephippia that presumably 

were induced by rapidly decreasing photoperiod and declining water 

temperature. The chlorophyll a concentration still was high.. Ephippia 

production was minimal during the peak population density, although high 

densities often trigger ephippia formation (Wright 1965). Rapidly 

decreasing photoperiod and water temperature induce overwintering dia

pause in Cyclops (Watson and Smallman 1971). Short photoperiods and 

decreasing water temperature in the range 12 C-19 C induce sexual repro

duction and diapause in Daphnia pulex (Stress and Hill 1965). Ephippia 

production is evidence that D. thovata does not overwinter successfully
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after hatching (Tappa 1965).

The late September egg density peak was due to the abundance of 

adult females rather than large clutch size. Ephippia production had 

since dropped to a very low level although water temperature and photo

period still were rapidly declining. The low chlorophyll a concentration 

and low phytoplankton biomass indicated poor food conditions. The 

increase in egg production was not sufficient to maintain the Daphnia 

population through October. Both the population and egg density declined 

to undetectable levels in early October. An increase in mean clutch size 

later in October did not generate greater population density and sug

gests that individuals hatched from parthenogenetic eggs do not over

winter successfully.

Cyclops bicuspidatus thomasi. Although Cyclops was perennial in 

1974, reproduction did not occur prior to late April. But as the chloro

phyll a level rose in June, Cyclops egg production increased. This was 

due mostly to a.large mean clutch size rather than an abundance of 

reproductive females. The peak egg production was in late June and led 

to peak population densities in mid-July.

The peak adult female density in early July coincided with a lapse 

in reproduction. From mid-July to mid-October, the mean clutch size was 

small. The egg production pulses in mid-August and mid-September were • 

due to adult female abundance. The large increase in the mean clutch 

size in October failed to generate much egg production, but probably .
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compensated for the loss of adult females so that population density 

was stabilized at a low level in autumn. The October increase in 

clutch size did not correspond to increasing chlorophyll a.

Cyclops bicuspidatus thomasi reproduces sexually and all eggs 

require fertilization by a male at the time of laying (Hutchinson 

1951). A single male may copulate with several females, but it remains 

to be proven that a female copulates more than once (Ewers 1936). It is 

evident in Figure 21 that peak clutch sizes generally coincided with

Figure 21. The mean clutch size (Eq^) of the adult females and the 
adult female:adult male density ratio (Naf :Nam) for Cyclops bicuspidatus 
thcmasi at Station I in 1974

lows in the adult female:adult male density ratio (N f:N ). This may 

have been a compensatory measure that permitted rapid reproduction and 

assured population survival when the number of adult females declined.

The mean clutch size was positively correlated with adult female 

body length. The regression equation relating the mean clutch size (Eaf)



and adult female body length (L, in mm) Is:

Eaf = 48.24L - 44.86.

The correlation coefficient (r = 0.69) is highly significant (p<0.01).

Wesenberg-Lund (1904, in Hutchinson 1951) found that, the total 

volume of eggs per adult female was relatively constant regardless of 

the clutch size. That is, as the clutch size increased, the volume of 

the individual eggs decreased. I found no such significant variation in 

egg size with changing clutch size.

The Seasonal Variation in the Instar 
Length in Cyclops bicusp-idatus thornasi

The mean lengths- of the.-Cyclops- copepodite instars on each sampling 

date from June 5 through November 2 are tabulated in Table 28 in the 

Appendix and illustrated in Figure 22. The seasonal variations in 

naupliar instar length are not presented because all naupliar stages 

were grouped and recorded simply as N, which tended to obscure the 

size variations.

Copepodite length analysis provided a check on the validity of my 

instar identification characteristics (Table 2). If these characteristics 

are incorrect, there should be occasional overlapping or coincidence of 

the curves in Figure 22, since the principal factors that influence 

copepodite length probably affect all the instars in a physiologically 

similar manner (Waterman 1960). The parallel curves in Figure 22 suggest
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Figure 22. The seasonal variations in copepodite instar lengths in 
Cyclops bicuspidatus thomasi in 1974

that the instar characteristics are essentially correct. It is apparent, 

however, that the effect of the size-influencing factors is magnified in 

the later instars, but this would be expected if the factors cause a 

relatively constant percentage change in instar length. For example, a 

20 percent change in the length is a greater absolute value in an older, 

larger instar than in a younger, smaller instar.

Coker (1934) noted that copepod size is primarily an inverse 

function of water temperature and only slightly a function of food
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supply. Coker (1933) observed that the final adult length of Cyclops 

decreased from 35 to 45 percent as water temperature increased from 

8 C to 28 C . But with a food shortage and constant temperature, there 

was only a 10 percent reduction in adult length. Marshall (1949) 

concluded that food affects primarily the copepod development rate, but 

has little influence on the final adult length.

Deevey (1960) found that water temperature alone could account for 

size variations in marine copepods, but that the strongest correlations 

were between body length on a given date and the temperature of a month 

earlier. By least squares regression, I related water temperature to 

mean copepodite instar length for lag periods of 0 to 6 weeks. All of 

the correlations are significant (p<0.01), so the equation yielding 

the greatest correlation coefficient (r) was arbitrarily selected as the 

best estimator of the lag effect of water temperature on instar length. 

In Table 12 are presented the seasonal extremes (minimum and maximum) 

length of each copepodite instar, the best estimate of the lag period 

between the occurrence of a water temperature and its observed effect 

on instar length, the best-fit equation relating water temperature (T) 

and instar length (L), and the equation correlation coefficient (r). The 

minimum (0.953 mm) and maximum (1.328 mm) lengths of the adult female 

Cyclops corresponded to water temperatures of 6.7 C and 18.7 C, respec

tively. This represents an annual length variation of 28.2 percent 

(based on the seasonal maximum length), which is close to Coker’s (1933)



Table 12. Seasonal extremes in mean instar lengths and water temperature-instar length 
relationships in Cyclops bicuspidatus thomasi at Station I in 1974

Instar

Minimum
length
(mm)

Maximum 
length' 
(mm)

Decrease from 
maximum to minimum 

length

Lag
period
(days) -

Best-fit
regression
equation*

Correlation
coefficient

Cl 0.331 0.458 27.7% 14 L = -0.007T + 0.491 -0.76

C U 0.441 0.562 21.4% 14 L = -0.010T + 0.632 -0.90

cm 0.538 0.721 25.4% 14 L = -0.013T + 0.801 -0.86

CIV 0.676 0.845 20.0% 7 L = -0.013T + 0.931 -0.82 •

CV 0.801 1.069 25.1% 14 L = -0.023T + 1.226 -0.88

AF 0.953 1.328 28.2% 35 L = -0.031T + 1.535 -0.88

* L is the instar length (mm) and T is the mean water temperature (C)



observation of adult copepod annual length variation of 35 to 45 

percent.

The Life Cycle of Cyclops '
bicuspidatus thomasi- at Station I

The life cycle and instar development times of Cyatops bicuspidatus 

Hhomasi, were elucidated by cohort analysis (Figs. 23-26). The individual 

cohorts are traced by numbered lines in Figure 26.

Armitage and Tash (1967) traced C.b. thomasi cohort progression in 

a Kansas lake. The copepods first appeared each year as CIV instars 

emerging from diapause from October through January. The CIV instars 

matured to AF instars by February, but little reproduction occurred 

before then. A pulse of bvigerous females in mid-March marked the end 

of the first cohort. By late April, the cohort I egg crop initiated 

cohort 2, but the cohort development was interrupted in early May as 

the CIV instars entered diapause. The diapausing CIV instars emerged 

from the resting stage the following winter and matured to the adult 

instar. The mean cohort life span during the winter and spring was 35 

days.

Carter (1974) observed C.b., thomasi entering diapause in the CIV 

instar in late spring in a shallow Canadian beaver pond. He reported 

that the first annual cohort began, as CIV instars emerging from diapause 

when the ice broke up in early May, but his data suggest otherwise. 

Carter's Figure 3 shows a clear progression from N to CIV instars from
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Figure 23. Densities of the developmental lnstars (including eggs, E1)
of Cyclops bicuspidatus thomasi at Station I in 1974
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Figure 24. Densities of the developmental instars of Cyclops bicuspid-
atus thomasi at Station I in 1974
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Figure 25. Densities of the developmental instars of Cyclops bicuspid-
atus thomasi at Station I in 1974
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Figure 26. The percentage contribution of the instars of Cyclops bicus- 
pidatus thomasi to the total population density at Station I in 1974; 
cohorts are identified by numbered lines connecting instar pulses



early May to early June. This suggests that the observed cohort did not 

emanate from CIV instars terminating diapause. Perhaps an overwintering 

population of adults produced the egg crop that hatched in early May. 

Carter noted that development from the egg to the adult took 21 to 28 

days when the water temperature was between 10 C and 20 C .

In Georgetown Lake, cohort I appeared as CIV instars that 

apparently terminated diapause in February. This cohort probably 

developed from an egg crop produced the previous summer or autumn. The 

CIV diapause terminated in February when the photoperiod was most rapid

ly increasing (Table 3) and water temperature was nearly constant at 

3 C. Watson and Smallman (1971) found that the influence of changing 

photoperiod and changing water temperature on N and Cl instars of the 

diapausing cohort to be the main environmental stimuli invoking diapause 

in the CIV instar in CyaZops navus. Assuming diapause termination is 

induced by the same kind of stimuli that.invoke diapause, the cohort I 

data support their conclusion that changing photoperiod has a, primary 

causal effect sometimes modified by changing water temperature. Cohort I 

CIV instars matured to AF instars in March and probably produced the 

late April egg crop that began cohort 5. During the '1974 phase of cohort 

I development, the mean population density was less than 2.00 ind-1"""*"
i

and the mean water temperature was 3.3 C (range: 2.7 C-3.8 C).

Cohort 2 is more difficult to follow in. Figure 26 because the Cl 

and C U  instar pulses are undetectable.- The N pulse appeared in February



-79-
and the CIII pulse appeared in late March. During :that period, the 

population density was less than 1.00 ind-1-^, so'sampling inefficiency 

may have accounted for the missing pulses. A less likely explanation is 

that cohort 2 began late in 1973 and was interrupted by a CIlI diapause 

McQueen (1969) presented limited evidence of diapausing CIII and CV 

instars, but this remains to be confirmed. The cohort 2 AF pulse in May 

probably produced the June egg crop that initiated cohort 6. The mean 

population density during cohort 2 development in 1974 was 1.00 ind• 1"-*- 

and the mean water temperature was 4.5 C (range: 2.8 C-10.1 C).

Cohort 3 was obscure and may have began late in 1973. It may have 

been interrupted by a CIII diapause, but the absence of a distinct AF 

pulse suggests that" the cohort- 3 pattern actually is an artifact of 

sampling accentuated by the long sampling intervals prior to June 5.

Cohort 4 is easily traced beyond the Cl instar, but the E ’ and N 

instar pulses are obscured. The late June pulse of AF instars may have 

produced the egg crop that started cohort 7. The peak seasonal density 

in 1974 was associated with cohort 4 development. During the cohort 4 

lifespan,, the mean population density was less than 5.00 ind*I . The 

mean water temperature was 10.9 C (range: 2.8 C-16.6 C).

Cohort 5 was the first cohort recognizable from the' egg to the AF 

instar. The estimated cohort lifespan from the late April 'E1 pulse to 

the early August AF pulse was 102 days. The mean population density at 

that time was 124.33 ind*I--*-. The mean water temperature was 13.7 C
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Cohort 6 began as an egg crop that peaked in mid-June and matured 

to the AF pulse in early September. The estimated cohort lifespan was 

H O  days. The mean population density during cohort 6 development was 

137.70 ind'l~l. The mean water temperature was 16.6 C (range 13.5 C-18.0 

C).
Cohort 7 started from an early July egg crop that progressed to an 

AF pulse in mid-September. The estimated lifespan was 106 days. The mean 

population density was 133.41 ind*!-^ during cohort development. The 

mean water.temperature was 16.6 C (range: 13.4 C-18.0 C).

Cohort 8 progressed from an egg crop that peaked in mid-August.

When sampling was terminated on November 2, the cohort was in the CIV 

instar pulse. The CIII pulse peak appeared in late August. During that 

time, the mean population density was 21.50 ind• I--*-. The mean water 

temperature was 11.9 C (range: 6.0 C-16.8 C).

Cohorts 9 and 10 began as egg crops that peaked in late September 

and late October, respectively. Neither cohort developed beyond the Cl 

instar by November 2. But because the N and Cl instars of the cohorts 

were present in October, the month of the greatest decrease in photo

period length and rapidly declining water temperature, both cohorts 

probably were interrupted later by a.CIV diapause. The mean population 

density from late September through November 2 was 11.50 ind-I . The 

mean water temperature was 9.2 C (range: 6.0 C-12.7 C). .

(range: 2.8 C-18.0 C).
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Because cohorts 6 and 7 were the easiest to trace from the E' to 

the AF pulse, the instar development times were derived from their data. 

The mean water temperature existing between consecutive instar pulses 

as denoted in Figure 26 was determined so that development time extra

polations to other water temperatures could be made using Krogh1s 

equation (Winberg 1971). The computed development times compared well 

enough with observed times in cohorts other than 6 and 7 to justify 

their use in population dynamics and production equations. The instar 

development times estimated from cohorts 6 and 7 are in Table 13 and 

Figure 27. These instar development times and cohort lifespan estimates

TIME (days) TO DEVELOP FROM EGG TO INSTAR

Figure 27. The time in days to develop from the egg to the respective 
instars of Cyatops bicuspidatus thomasi, based on data from cohorts 6 
and 7 at Station I in 1974

are longer than those of Armitage and Tash (1967), Carter (1974), Ewers



Table 13. Population data for cohorts 6 and 7 of Cyclops bicuspidatus 
thomasi at Station I in 1974

Individuals Duration of
produced in pulse Date of development Depletion

Instar (ind-l--*-) peak density (days) between instars

Cohort 6

E 1 564.10 June 15 2.5 (16.0)*
56.3%

Cl 246.82 July I 7.0

C U 246.82 ' July 8 7.0
47.0%

CIII 130.71 July 15 14.0

CIV 130.71 July 29 14.0
86.2%

CV 18.09 Aug 12 21.0
45.0%

AF 9.95 Sept 2 21.0**

Cohort 7

E* 252.39 July 8 2.5 (14.0)*
59.7%

Cl 101.60 July 22 7.0

C U 101.60 July 29 7.0
29.7%

CIII 71.48 Aug 5 12.0
57.4%

CIV 30.43 Aug 17 16.0
59.0%

CV 12.47 Sept 2 15.0
57.3%

AF 5.32 Sept 17 15.0**

* Value in parentheses is the duration of development from egg forma
tion to appearance of Cl instar; lesser value is duration of develop
ment from egg formation to appearance of NI instar
** Duration of development of AF instar assumed to be that of CV instar
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(1936), and McQueen (1969), but are similar to Wright's (1967).

Two egg development times were estimated to facilitate.computation 

of production and population birth rates. The time De is the duration 

of development from the egg to the NI instar; De was used in the finite 

birth rate equation. De was estimated from Figure 26. The time D^ is 

the duration of development from the egg to the Cl instar and was used 

to compute the egg production•increment since nauplii densities were 

not included in the production equation. De ranged from 10.8 days at 

5.0 C to 2.5 days at 18.0 C, whereas De ranged from 54.4 days at 5.0 C 

to 12.5 days at 18.0 C.

It is evident from Figures 23-25 that cohorts 6 and 7 were the 

largest cohorts in 1974. The number of individuals produced in the 

instar pulses in cohorts 6 and 7 and the percentage reductions in 

density from one instar to the next are presented in Table 13. It is 

clear that there were great reductions in density from the E' to the Cl 

instar. This was attributed to both natural, non-predatory mortality 

and to cannibalism by the CIV-AF instars present at that time. McQueen 

(1969) found that the CIV-AF instars are cannibalistic on the N-CIII 

instars. Due to the small size of the N-CIII instars, it is doubtful 

that predation by fish depleted them.

Beyond the Cl instar, cohorts 6 and 7 both showed the greatest 

depletion from the CIV to the CV instar. This was attributed to diapause 

in the CIV instar. At that time, food quality may have been a diapause
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induction stimulus, although this has not been documented in limnetic 

copepods previously (Andrewartha an d .Birch 1954).

Since not all of the CIV instars of all cohorts disappeared 

completely without subsequent CV instar appearance, diapause apparently 

is a facultative phenomena that may function to preserve the species in 

a resistant stage, (the CIV instar) during rigorous or otherwise unfavor

able climates. Diapause may synchronize the life cycle with the weather 

to insure that active instars are present during favorable environmental 

conditions. This would permit rapid population development and high 

survival rates (Andrewartha and Birch 1954).

In many waters, C.b. thamasi, appears to be restricted to cold 

temperatures^ Chandler (1940) found-peak densities in winter in-Lake 

Erie, as did Tash et at. (1966) in Lewis and Clark Reservoir in South . 

Dakota. Andrews (1953) reported that C..h. thcmasi disappeared from 

western Lake Erie when the water temperature warmed to 15 C, but Davis 

(1959) observed specimens, in the limnoplankton at 21 C. The species was 

most abundant in the summer at about 15 C in Canyon Ferry Reservoir in 

Montana (Martin 1975; Wright 1965, 1967) and in Long Lake in Washington 

(Graham 1975). Yeatman (1956) concluded that C.b. thomasi is. a coldwater 

species that appears in winter and early spring and disappears before 

mid-May. But more recent evidence (this study and Brooks 1969) indicates 

that the species is perennial if the water temperature remains low 

enough, although this threshold temperature is not yet known. In George-
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town Lake^ CyaZovs biouspidatus thomasi is a perennial$ multivoltine 

eopepod that apparently undergoes a facultative diapause in the CIV 

instar throughout the year. Peak population densities occurred when 

water temperature was about 17 C .

Population Dynamics of the 
Cladocera and Copepoda at Station I

The population dynamics of the cladocerans and copepods at Station 

I are presented in Tables 14-18 and Figures 11-20. Several interesting 

correlations are evident when the zooplankton population dynamics curves 

are compared to the curves of the phytopigment concentrations (Fig.3), 

water temperature (Fig. 3), light extinction coefficient (Fig. 3), 

phytoplankton biomass (Figs. 5-7), and each other.

Cladoceran population densities are determined primarily by food 

supply (Borecky 1956). There is. a direct relationship between the amount 

of food available and zooplankton reproduction (Arnold 1971; Slobodkin 

and Richman 1956). Consequently, changing food conditions are often 

reflected by changes in zooplankton birth rates and population densities 

(Edmondson 1965; Green 1966).

Phytoplankton are the principal food of planktonic herbivores in 

most lakes (Saunders 1969). Since chlorophyll is common to all fresh

water algae (Scagel et at. 1965), it has often been used as an index of 

the zooplankton food supply. Wright (1965) cited a strong positive 

correlation between the concentration of chlorophyll and the birth rate
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of Daphnia sohodleri. Since chlorophyll a is the predominant chlorophyll 

pigment in algae, it may also be an index of the zooplankton food 

supply. But since the algal cellular chlorophyll a content in Georgetown 

Lake was not always constant (Fig. 28), there was not always a direct

Figure 28. The mean cellular chlorophyll a content of the phytoplankton 
at Station I in 1974

relationship between the chlorophyll a concentration and the total 

phytoplankton biomass. Therefore, the phytoplankton community species 

composition and species biomass are also presented to better estimate 

the algal standing crop and the zooplankton food supply.

In this study, the correlations between the chlorophyll a concen

tration and the zooplankton birth rates were sometimes weak. The lack 

of response in zooplankton birth rates to the spring chlorophyll a 

pulse probably was due to the low water temperature (about 4 C). Tappa 

(1965) found that water temperature and food regulate crustacean zoo

plankton birth rates. Low temperature inhibits parthenogenesis in
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Definitions of the population statistics used in Tables 14-18:

N is the population density (ind-1--*-) $ excluding eggs.

NaJ is the adult female density (ind-l-"*-)..

E is the egg density (eggs-I-^).

Eaj is the mean clutch size (eggs • adult' female--*-) .

De is the duration of development of the egg (from egg formation to 
hatching, in days).

|S is the finite birth rate (ind• ind-^ • day-"*-) . 

b is the instantaneous birth rate (ind • ind”"** • day-"*") . 

d is the instantaneous death rate (ind • ind-"*" • day- -̂) .

V is the instantaneous rate of population increase (ind* ind-"*"• day-"*-) .



Table 14. Population data for Bosmina at Station I in 1974*

Date N Naf E Eaf D e P b d r

Jan 21 0 0 0 _ _ _ _ _ _ _ _ _

Feb 18 0.06 0 0 — —  — ——— ——

Mar 15 0 0 0 —  — ——— --— ——— — ———
30 0.09 0.09 0.09 1.00 7.9 0.127 0.126 0.116 0.010

Apr 13 0 0 1.71 — —— — ——— —— ———
25 0 0 0.52 --— --— ——— — — ———

May 10 0 0 0 ——— —— —* — “— ——— ———
June 5 0.08 0.08 0.06 0.75 5.3 0.142 0.142 0.147 -0.005

12 0.24 0.20 0.13 0.65 4.8 0.135 0.125 -0.032 0.157
17 0.24 0.16 0.47 2.94 4.3 0.683 0 0 0
27 0.03 0.03 0.01 0.33 3.9 0.085 0.094 0.302 -0.208

July I 3.93 2.90 2.87 0.99 3.2 0.309 0.158 -1.061 1.219
8 101.02 47.70 59.39 1.25 3.0 0.415 0.326 -0.138 0.464

15 135.24 63.40 26.24 0.41 2.6 0.159 0.156 0.114 0.042
22 33.60 13.37 1.13 0.08 2.7 0.031 0.034 0.233 -0.199
29 52.45 38.02 6.45 0.17 2.8 0.061 0.059 -0.005 0.064

Aug 5 25.32 7.94 2.21 0.28 2.8 0.099 0.104 0.208 -0.104
12 1.69 O'. 61 0.09 0.15 2.8, 0.053 0.064 0.451 -0.387
18 6.28 4.55 2.18 0.48 . . 3.1 0.155 0.139 -0.080 0.219
26 5.42 5.12 1.23 0.24 3.2 0.075 0.076 0.094 -0.018

Sept 2 1.60 1.07 0.54 0 . 5 0 3.5 0.144 0.157 0.331 -0.174
9 2.83 1.80 0.63 0.39 3.6 0.097 0.093 0.012 0.081

15 0.03 0.03 0.03 1.00 4.4 0.227 0.324 1.082 -0.758
23 0.34 0.26 0.14 0.54 4.5 0.120 0.103 -0.201 0.304
29 1.00 0.48 0.17 0.35 4.7 0.075 0.068 -0.112 0.180

Oct 6 0.22 0.19 0.17 0.89 5.7 0.157 0.17.5 0.391 -0.216
13 0.77 - 0.47 0.66 1.40 5.7 0.246 0.225 0.046 0.179
20 0.89 0.41 0.72 1.76 6.0 0.293 0.290 0.269 0.021
26 0.29 0.18 0.29 1.61 6.2 0.260 0.285 0.472 -0.187

Nov 2 0.23 0.11 0.28 2.55 6.9 0.369 0.375 0.408 -0.033 ,

* Population statistics are defined on page 87



Table 15. Population data for Cepiodaphnia quadrangula at Station I in 1974*

Date N Naf E Eaf D e /3 b d V

J a n ' 21' • 0 0 0
Feb 18 0 0 0 ——— — --— — —-- —

Mar 15 0 0 0 — — --— — — —

Apr 13 0 0 0 — — —— — — —me ———

25 0 0 0.52 — — — ——— — — ——
May 10 0 0 0 — — —-- —-- — — -- - ———
June 5 1.35 0.41 0.77 1.88 0 — — — —— — —

12 1.44 1.24 0.60 0.48 35.0 0.014 0.014 0.005 0.009
17 0.43 0.28 0.19 0.68 6.8 0.100 0.113 0.355 -0.242
27 19.32 10.60 54.78 5.17 4.2 1.230 1.230 1.011 0.381

July I 12.04 3.56 3.79 1.06 3.3 0.323 0.342 0.460 -0.118
8 123.52 40.73 83.62 2.05 3.1 ■ 0.662 0.558 0.225 0.333

15 213.90 161.10 71.61 0.44 2.8 0.159 0.153 0.074 0.079
22 119.62 101.58 4.92 0.05 2.9 0.017 0.018 0.101 -0.083
29. 59.89 51.63 7.88 0.15 2.9 0.053 0.058 0.157 -0.099

Aug 5 87.60 47.74 16.42 0.34 2.9 0.119 0.116 0.062 0.054
12 43.04 16.81 . 3.51 0.21 3.0 0.070 0.074 0.176 -0.102
18 75.63 32.23 2.67 0.08 3.2 0.026 0.025 -0.069 0.094
26 64.76 40.42 11.05 . 0.27 3.4 0.080 0.081 0.100 " -0.019

Sept 2 28.65 16.56 5.96 0.36 3.6 0.100 0.106 0.223 -0.117
9 27.61 15.06 3.41 0.22 3.8 0.060 0.060 0.065 -0.065

15 18.11 12.55 1.50 0.12 7.2 0.017 ; 0.018 0.088 -0.070
23 15.46 12.60 2.31 0.18 13.9 0.013 0.013 0.033 -0.020
29 6.81 6.55 0.98 0.15 24.4 0.006 0.006 0.143 -0.137

Oct 6 3.47 3.30 0.95 0.29 CO 0 0 0.096 —0.096
13 0.40 0.34 0.06 0.18 0 0 0.309 -0.309
20 0.35 0.33 0.15 0.45 0 0 0.019 -0.019
26 0.19 0.17 0.01 0.06 0 0 0.102' -0.102

Nov 2 0.19 0.17 0 0 0 • 0 0 0

* Population statistics are defined on page 87



Table 16. Population data for Chydorua aphaeriaua at Station I In 1974*

Date N Naf E Eaf De /3 b d P

Jan 21 0.09 0.09 0 0 5.9 0 ___
Feb 18 0.23 0.23 0.11 0.48 5.7 0.081 0.080 0.046 0.034
Mar 15 0.28

Q
0.28

Q
0 0 5.6 0 0 -0.008 0.008

Apr 13 0 0 1.71 — — — w —
25 0 0 0.52 — — — ---— —--- —  — ——— —

May 10 0.08 0 0 "•*** — —  — — ---— —— -0.022
June 5 0.88 0.64 0.52 0.81 3.3 0.246 0.235 0.143 0.092

12 1.47 1.02 0.85 0.83 2.9 0.287 0.277 0.204 0.073
17 2.22 1.65 1.02 0.62 2.6 0.238 0.228 0.145 0.083
27 28.69 27.74 23.54 0.85 2.3 0.369 0.324 0.068 0.256

July I 56.14 40.52 31.18 0.77 2.0 0.388 0.356 0.188 • 0.168
8 4.11 2.74 2.16 0.79 2.0 0.394 0.472 0.846 -0.374

15 1.91 0.72 0.30 0.42 1.8 0.231 0.244 0.353 -0.109
22 1.46 0.73 0.05 0.07 1.9 0.036 0.037 0.075 -0.038
29 2.13 2.13 1.66 0.78 ' 1.9 0.410 0.399 0.345 0.054

Aug 5 1.60 0.64 0.12 0.19 1.9 0.099 0.101 0.142 -0.041
12 0.85 0.53 0.25 ■ 0.47 1.9 . 0.248 0.260 0.350 -0.090
18. 2.57 2.57 1.31 0.51 . 2.0 0.255 0.232 0.047 0.185
26 5.44 4.87 2.95 0.61 2.1 0.288 0.275 0.181 0.094

Sept 2 2.13 0.72 0.73 1.03 2.1 0.489 0.523 0.657 -0.134
9 2.10 0.93 0.18 0.23 2.2 0.088 0.088 0.090 -0.002

15 1.76 0.94 0.09 0.10 - 2.6 0.037 0.037 0.067 -0.030
23 3.34 2.12 0.47 0.22 2.7 0.082 0.080 0 0.080
29 1.68 1.44 0.80 0.56 2.8 0.198 0.210 0.325 -0.115

Oct 6 1.77 1.41 0.87 . 0.31 3.6 0.171 0.170 0.163 0.007
13 0.80 0.44 0.41 0.93 3.6 0.259 0.274 0.387 -0.113
20 1.73 0.57 0.36 0.63 3.9 0.162 0.153 0.043 0.110
26 0.94 0.39 0.19 0.49 4.0 0.132 0.128 0.230 -0.102 .I 1.30 0.53 0.26 0.49. 4.6 0.ld'7 0.104 0.058 0.046

* Population statistics are defined on page 87



Table 17. Population data for Daphnia thorata at Station I In 1974*

Date N Naf E Eaf De P b d r

Jan 21 0 0 0 _ _ _ _ _ _

Feb 18 0 o ■ 0 — --- — — . — -- — — — — — —

Mar 15 0 0 0 —--- — — — --- —

Apr 13 
25

0
Q

0
Q

0
Q

— —-- — — — —

May 10 0 0 0 — — — —— — — — — — — —« ■ ■■■
June 5 

12
0
0

0
0

0
0 :::

— —

17
27

0
0.23

0
0.08

0
0.19 2.38 4.4 0.540

— — ——— —

July I 0.28 0.04 0.06 1.50 3.6 0.417 0.407 0.358 0.049
8 2.66 1.00 2.97 2.97 3.4 0.874 0.741 0.419 0.322

15 2.51 1.56 0.77 0.49 3.1 0.159 0.160 0.168 -0.008
22 3.83 2.63 0.91 0.35 3.2 0.108 0.105 0.045 0.060
29 4.44 1.42 1.05 0.74 3.3 0.224 0.222 0.201 0.021

Aug 5 4.84 2.42 0.86 0.36 3.3 0.108 0.107 0.095 0.012
12 2.40 0.93 0.42 0.45 3.3 0.137 0.144 0.244 -0.100
18 11.65 2.72 0.96 0.35 3.5 0.101 0.088 -0.175 0.263
26 20.07 8.47 3.67 0.43 3,8 0.114 0.110 0.042 0.068

Sept 2 8.22 1.30 1.33 1.02 4.0 0.256 0.273 0.400 -0.127
9 11.38 4.27 2.76 0.64 4.2 0.154 0.150 0.104 0.046

15 6.69 1.34 0.93 0.69 5.7 0.122 0.128 0.217 -0.089
23 8.22 5.98 . 1.99 0.33 6.3 0.053 0.052 0.026 0.026
29 5.04 3.11 1.77 0.57 6.9 0.083 0.086 0.168 -0.082

Oct 6 3.04 1.52 1.35' 0.89 10,6 0.084 0.087 0.159 -0.072
13 1.55 0.42 1.11 2.64 10.6 0.249 0.261 0.357 -0.096
20 1.76 0.33 0.84 2.55 11.8 0.216 0.214 0.196 0.018
26 0.61 0.24 0.42 1.75 12.7 0.138 0.151 0.328 -0.177

Nov 2 0.88 0.36 0.59 1.64 15.8 0.104 0.101 0.049 0.052

* Population statistics are defined on page 87



Table" 18. Population data for Cyalops biouspidatus thomasi at Station I in 1974*

Date N Naf E ' Eaf De P b d r

Jan 21 0.09 0.09 0 0 14.5 0 _ _ _ _ _ _

Feb 18 1.35 0.06 0 0 13.5 0 0 -0.094 0.094
Mar 15 0.28 0.28 0 0 13.0 0 0 0.062 -0.062

30 0.54 0.09 0 0 13.5 0 0 -0.Q34 0.034
Apr 13 0 0 0 —— —-- — —— ------ -0.279

25 1.00 0 0.09 —- ------ — ---- — 0.384
May 10 1.22 0.15 0.08 . 0.54 9.0 0.083 0.082 0.070 0.012
June 5 3.24 0.11 1.56 14.18 5.5 1.404 1.379 1.341 0.038

12 4.86 0.44 8.70 19.78 4.6 4.298 4.168 4.107 0.061
17 3.95 0.22 3.16 14.36 3.8 3.790 3.865 3.906 -0.041 '
27 48.24 6.51 189.31 29.08 3.2 8.975 7.905 7.656 0.249

July I 154.45 11.03 0 0 2.8 0 0 -0.291 • 0.291
8 429.12 7.99 83.28 10.42 2.7 3.832 3.559 3.413 0.146

15 275.42 6.93 11.65 1.68 2.5 0.672 0.651 0.588 0.063
22 279.84 4.57 16.25 3.56 2.6 1.384 1.384 1.382 0.002
29 202.30 7.30 11.98 1.64 2.6 0.629 .0.643 0.689 -0.046

Aug 5 88.39 7.28 34.22 4.70 2.6 1.801 1.909 2.020 -0.118
12 14.88 0.95 4.39 4.62 2.6 1.757 1.990 2.244 -0.254
18 70.69 10.48 54.50 5.20 • 2.8 1.877 1.644 1.384 0.260
.26 61.04 8.31 9.74 1.18 2.9 0.406 0.411 0.429 -0.018

Sept 2 24.03 4.76 7.69 1.62 3.0 0.539 0.576 0.709 -0.133
9 14.29 2.79 5.79 2.08 3.1 0.665 0.690 0.764 -0.074 .

15. 7.51 2.30 4.54 . 1.98 3.9 0.510 0.538 0.646 -0.108
23 . 11.32 4.03 17.07 4.24 4.2 1.016 0.991 0.940 0.051
29 8.17 • 2.37 3.93 1.66 4.4 0.374 0.384 0.438 -0.054

Oct 6 11.27 1.92 6.13 3.20 6.3 0.504 0.492 ■ 0.446 0.046
13 12.79 0.38 5.15 13.56 6.3 2.138 2.115 2.097 0.018 .
20 11.16 0.35 4.58 13.08 7.1 1.854 1.874 1.893 -0.019
26 7.24 0.18 4.37 24.28 7.6 3.216 3.338 3.412 -0.074

Nov 2 18.54 0.40 5.03 12.58 9.5 1.329 1.242 . 1.107 0.135

* Population statistics are defined on page 87
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cladocerans (Angino et aZ. 1973). Following the rise in water tempera

ture from May on, the cladoceran and copepod birth rates began increas

ing in response to increasing chlorophyll a in June and early July.

Birth rates began declining in mid-July despite the continued rise in 

the chlorophyll a concentration and the phytoplankton biomass. The peak 

pigment level in late July was followed by depressed rather than 

increased birth rates. Peak birth rates were recorded in October, long 

after the major decline in chlorophyll a. and phytoplankton biomass.

During the summer chlorophyll a pulse, the zooplankton birth rates 

fluctuated widely. Overall, the chlorophyll a concentration by itself 

was only occasionally an index of zooplankton food conditions in 1974.

Stronger- correlations were apparent between specific algal taxa 

and zooplankton birth rates. From early May until late. July, the 

Chydorus siphaerious birth rate curve (Fig. 16) paralleled the biomass 

curves of the Chrysophyta QDinobryon sertularia), Chlorophyta, and 

Crjrptophyceae. The birth rate curve in late July was associated with 

the FragiZaria orotenensis and Chlorophyta curves. The August birth rate 

increase was positively correlated with the Cyanophyta (Anabaena 

fZos-aquae') and Chlorophyta pulses. The increasing Cryptophyceae crop 

may have accounted for the birth rate increase from September through 

November.

The Bosmina spp. birth rate curve (Fig.' 12) appeared positively 

associated with the Chlorophyta, Chrysophyta (.Synedra and D. sertuZaria) ,
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and Cryptophyceae (Cryptomonas ovata) biomass curves in late June and 

early July. The mid-September birth rate curve paralleled the Chrysophy- 

ta (CyeZotella bodcavioa.) curve.. The sharp rise in the birth rate curve 

in October was positively correlated with the Chrysophyta (Synedpa and 

Stephanodisous astvaea) and Cryptophyceae (Rhodomonas taoustvis) pulses.

The Cerdodaphnia quadrangula birth rate curve (Fig. 14) was 

positively correlated with the Chrysophyta .{Synedra and D. sevtulardd) > 

Cryptophyceae (C. ovata), and Chlorophyta curves in late June and early 

July. Subsequent minor birth rate increases were also associated with 

the Chrysophyta, Cryptophyceae, and Chlorophyta.

The Daphnia thorata birth rate curve (Fig. 18) was associated with 

the Chlorophyta and Chrysophyta (Synedna and D. sertularia curves in 

early July. Positive correlations existed between the birth rate and the 

Chlorophyta, Chrysophyta (F. orotenensis), and Cryptophyceae (C. ovata) 

in late July. The increased birth rate from late August through October 

was associated with the crops of the Chlorophyta, Chrysophyta (C. bodan- 

ioa3 S. astraea, and Synedra), and Pyrrophyta.

The Cyolops biouspidatus thomasi birth rate curve (Fig. 20) was 

positively correlated with the Chlorophyta and Chrysophyta pulses in 

June. At that time, the principal life stages present were the herbi

vorous N-CIII instars. Presumably, good nutrition in the early life 

stages increases fecundity in the carnivorous adult instar.

Inspection of the phytoplankton biomass curves reveals an inter
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esting ecological pattern. The phytoplankton community was dominated in 

early spring by small diatoms and unicellular flagellates that were, 

intensively grazed by small rotifers (JHevatetZa). The small algae were 

replaced by larger diatoms and other Chrysophyta in early summer. These 

algae were grazed by small cladocerans (Chydorus and BosmLna) and 

copepod early instars. Next in succession were the gelatinous and fila

mentous green and blue-green algae in late summer and early autumn.

These larger algae were grazed by still larger cladocerans (CevLodccphnLa 

and DaphnLa).

The synchronous occurrence of specific algae and zooplankton size 

groups indicates that a causal relationship existed in which grazing 

pressure from increasingly larger zooplankton forced a size-ordered 

succession of phytoplankton. Apparently each zooplankton size group was 

able to graze food particles in a specific size range. B u m s  (1968) 

presented evidence of such specific particle-size utilization by 

filter-feeding cladocerans. The reduction of small algal particles by 

grazing pressure from small zooplankton results in their replacement by 

larger algal particles that can be grazed only by larger zooplankton.

The smaller zooplankton are physically limited by their mouth parts and 

food-collection apparatus to smaller food particles and cannot break 

up the larger algal colonies and filaments as easily as the large 

cladocerans can.(Brooks 1969; Burns 1968). In this manner, grazing 

pressure drives a succession from a spring association of small, edible
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flagellates and diatoms to gelatinous and filamentous green and 

blue-green algae in autumn (Porter 1973).

Hutchinson (1967) suggested that the pattern of phytoplankton 

succession may be determined primarily by physical and chemical factors 

rather than by grazing pressure. In this case, the causal relationship 

would be reversed in that the appearance of specific size algae would 

dictate the size group of zooplankton that could graze them. But other 

evidence does tend to support the theory of grazing-forced phytoplankton 

succession. Brooks (1969) and Stress (1973) found that a decrease in the 

mean zooplankton body size, as might be caused.by size-selective preda

tion by fish, resulted in an increased standing crop of the larger 

phytoplankton, particularly the gelatinous and filamentous blue-green 

algae. The shift in dominance from larger to smaller zooplankton due to 

intense size-selective predation by planktivorous fish was clearly 

documented by Brooks and Dodson (1965), Brynildson and Kempinger (1973), 

and Galbraith (1967). Brynildson and Kempinger (1973) found that 

rainbow trout (Sdlmo gai-rdnevi) under 406 mm fed heavily on Daphnia at 

least I mm in length. They also noted that after 3 years of grazing by 

trout and yellow perch (Peroa flavesoens), the large Daphnia disappeared 

from the limnoplankton and were replaced by Bosmina longivostvist a 

smaller cladoceran.

Galbraith (1967) discovered that the introduction of rainbow trout 

into a Michigan lake previously lacking a fish planktivore caused the
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replacement of large Dccphnia pulex by two other smaller daphnids within 

4 years. There was a decrease in the mean daphnid length from 1.4 mm to 

0.8 mm. There also was a decrease in the percentage of daphnids larger 

than 1.3 mm from an average of 53.8 percent down to 4.7 percent. Varley 

(1967) observed size-selective predation on zooplankton by kokanee 

salmon (Onoorhynehus nerka.) ' in Flaming Gorge Reservoir in Utah and 

Wyoming, but he did not report the size of plankton utilized.

Georgetown Lake supports large populations of rainbow trout and 

kokanee salmon, and the intense size-selective predation on zooplankton 

by these fish is apparent in the size distribution of the limnetic zoo

plankton. The mean length of the Daphnia in the reservoir in 1974 was 

0.817 mm; the largest individual encountered was 1.600 mm. Only 0.1 

percent of the Daphnia measured exceeded 1.300 mm. The most abundant 

cladoceran in 1974 was Ceriodaphnia, but it averaged only 0.571 mm in 

length and never exceeded 1.150 mm. The largest adults of Cyclops never 

exceeded 1.400 mm, whereas the mean length was only 1.100 mm.

The drop in cladoceran birth rates in early July in concert with 

the declining light extinction coefficient and phaeo-pigment concentra

tion and the increasing chlorophyll a concentration. (Fig. 3) and rising 

phytoplankton biomass (Figs. 5-7) supports the premise that the clado- 

cerans temporarily switched from live phytoplankton to detrital food.
I !

Since the caloric value per unit dry weight of aquatic detritus normally 

is much less than that of fresh, live phytoplankton (Cummins and
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Wuycheck 1971), it follows that a switch to low-nutritive detritus 

in early July would have been reflected by reduced cladoceran repro

duction. The predicted decline in reproduction is indeed evident in the 

sharp drop in the cladoceran birth rates in July.

Toxins or other inhibitory substances excreted by blue-green algae 

(the Cyanophyta) during bloom conditions have been implicated in clado

ceran death.(Gentile and Maloney 1969; Gorham 1965). Others have not 

observed such acute toxicity of cyanophyte excretions, but have noted 

other depressive effects. Arnold (1971) found that when Daphnia pulex 

grazed Anabaena flos-aquae and other cyanophyte species, ingestion, 

assimilation, reproduction, and survivorship were significantly reduced 

compared to animals fed-'green algae , (the Chlorophyta).. Arnold surmised 

that when blue-green algae dominate the zooplankton food supply, most• 

cladocerans will survive only at very low abundance. Some cladocerans, 

notably Chydorus sphaeriaus, thrive on blue-green algae (Brooks 1969).

In non-bloom conditions, the principal effects of blue-green algae 

on filter-feeding cladocerans are likely to be depression of the birth 

and population increase rates, except that those cladocerans that thrive 

on cyanophytes may show increased rates. Increased mortality is unlikely 

in non-bloom conditions if alternative food sources are available. Even 

in the absence of other food, significant additional mortality is unex

pected because most cladocerans can survive! long 'periods of starvation 

(Arnold 1971).
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A comparison of the cladoceran population density and birth rate 

curves with the cyanophyte. biomass curves (Figs. 5 and 6) clarifies the 

influence of the blue-green algae in non-bloom proportions on the 

cladocerans in Georgetown Lake in 1974. The major portion of the cyano

phyte pulse was in August.

The Bosmina and Ceviodccphnia were expected to exhibit minimal

responses to the cyanophyte pulse since both populations declined prior

to August. The birth rates of both species were low and nearly constant

during the cyanophyte pulse. The decline in the birth rates in July was

previously attributed to detrital feeding. Both species may have been

physiologically programmed to phase out of the limnoplankton when they

did regardless of the appearance of the cyanophytes (Stross 1973). Such

programming is suggested by the production of. ephippia by Ceviodaphnia

in July when population density was greatest. The death rates of both

species fluctuated widely during the cyanophyte pulse and did not
,

reflect unusually high mortality as might be expected with algal 

toxicity.

The Daphnia population was coincident with the cyanophyte pulse 

and was most likely to reflect any suppressive influence by the algae. 

There was a noticeable depression in the birth rate during the Anabaena 

flos-aquae pulse. The birth rate dropped from 0.222 in late July to 

0.088 by late August, then rose to 0.273 by early September as the 

blue-green algae disappeared. The large increase in the death rate in
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late August may have been a toxicity response by ingestion and masti

cation of cyanophyte cells- The maintenance of the Baphnia population ' 

beyond the cyanophyte pulse indicates that suppression by blue-green 

algae in non-bloom proportions was not severe. Other algae were present 

as alternative food sources. As in the CeTiodaphnia, the production of 

ephippia in early September suggests that this species may also have 

been physiologically programmed to leave the limnoplankton when it did.

As predicted from the observations of Brooks (1969), the Chydovus 

sphaevieus density and birth rate increased significantly during the 

cyanophyte pulse. The peak birth rate. (Z) .= 0.523) occurred shortly after 

the cyanophyte pulse. Chydovus sphaevieus does appear to thrive on at 

least some blue-green algae-. This ability to efficiently utilize a food 

source inhibitory to competing cladocerans enables Chydovus to invade 

the limnoplankton where it would otherwise be suppressed. The late 

August increase in the death rate is unexplained.

Inferences on interspecific predation can be made from a comparison 

of death rates of available prey species with the population densities 

of suspected predators. With constant mortality, the population increase 

rate curve should parallel the birth rate curve (Wright 1965). The 

Ckydovus rates of birth and population increase were roughly parallel 

from January to July when food conditions were improving. During that 

period, the mean non-predatory death rate (d) w a s :0.089. But, in early 

July, the population increase rate dropped rapidly while the birth rate



continued to rise= The death rate rose from 0.068 to 0.846 in less than 

2 weeks. The'obvious additional mortality in early July was attributed' 

to increasing numbers of the predators, Cyclops and Asplanchna. The peak 

death rate (<i = 0.846) coincided with the peak Cyclops density. During 

the period of assumed predation (July 1-15), the mean death rate was 

0.462. Assuming the non-predatory death rate was 0.089, predatory 

mortality accounted for a death rate of 0.373.

The intense predation soon depleted the Chydovus poplation to the 

point where the frequency of predator-prey contact was too low to 

maintain effective predation despite continued densities of Cyclops and 

Asplanchna. Consequently, the Chydovus death rate declined to 0.075 in 

late July. Judging from the high birth rate maintained during the peak 

predation period, neither competition nor food scarcity limited the 

Chydovus population growth until mid-July. The high birth rate in early 

July compensated for the predatory mortality and undoubtedly moderated 

the tendency to population elimination.

It was not possible to attribute peak death rates of Bosmlna, 

Cevlodxxphnla, or Daphnla to predation by zooplankton except maybe in 

October when a small pulse of Asplanchna occurred. The rotifers may 

have preyed on small cladocerans, but the declining water temperature 

probably accounted for most of the late cladoceran decline.

The annual succession of the crustacean'- zooplhnkton has some inter

esting ecological implications regarding reproduction, predation, and
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competition. Although intense size-selective predation by fish may have 

limited the maximum zooplankton body length, other factors seemed to 

have regulated the progression of species within the existing size 

distribution.

Reproductive efficiency within specific water temperature ranges 

appears to have been an important factor in regulating the 1974 zoo

plankton succession. The relationships between egg development times 

(De), birth rates (Z>), and water temperature are depicted in Figures 

2 and 29.

The ability to reproduce at water temperatures too low for Daphnia 

thorata and Ceviodaphnia quadvanguta enabled Chydorus sphaerious to 

invade the limnoplankton■in June. The- Chydovus D0 was less'than those of 

the other crustaceans over the entire water temperature range (2.7 C- 

18.0 C) encountered in 1974. It is also apparent from Figure 29 that 

Chydovus had the highest birth rate in the temperature regime (10.1 C- 

13.5 C) of early June. Consequently, Chydovus attained peak densities in 

late June and early July. Both Chydovus and Bosntina could reproduce in 

the early spring when water temperature was low (less than 7 C), but the 

large populations of KevateZZa probably prevented cladoceran increases 

until after the rotifer demise in late May and early June.

The demise of the Chydovus population was attributed primarily to 

predation by CyoZops and AspZanohna. The subsequent increase in the 

Bosmina population in early July was due to a moderate birth rate and a
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Figure 29. The instantaneous birth rates (Z)) of the Cladocera at 
different water temperatures at Station I in 1974
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negative death rate. The net result was a high rate of population in

crease 0?) and peak population densities in mid-July.

Cemodccphnia quadranguta exhibited higher birth rates than Bosmina 

in late June and early July, but failed to attain high densities and 

dominance then due to excessive mortality (high d). After mid-July, 

Ceviodaphnia and Bosmina birth rates were comparable, but the former 

species held the competitive advantage due to a greater number of 

reproductive females in late July and August. The ebb in the Ceviodaph- 

nia population in September apparently was due to the drop in water 

temperature to below the range (14 C-17 C) conducive to reproduction.

The birth rate had dropped to 0 by early October, when water temperature 

fell below 9 C. Kwik..and Carter (197.5) found that Ceviodaphhia quad- 

vangula failed to reproduce at temperatures less than 12 C.

Daphnia thovata enjoyed the highest birth rates at 16.5 C-17.5 C, 

but limited reproduction occurred down to.about 5 C. Consequently, 

peak densities followed the Ceviodaphnia peak and occurred in late 

August. From mid-September to early November, the birth rate slowly 

declined so that the population fell to nearly undetectable levels by 

early winter.

The early September.rise in the Chydovns density in response to 

the cyanophyte pulse was due to the peak birth rate at that time.

Because Chydovus enjoyed greater birth rates throughout the annual 

temperature regime than the other cladocerans, it was able to capitalize
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on the bonus cyanophyte food source in August despite the relatively 

large populations of competitive Ceriodaphnia and'Dapknia present then.

When two cladoceran species of different size appeared simulta

neously in the limnoplankton at a water temperature suitable for rapid 

egg development of both, the larger species invariably displaced the 

smaller species eventually. The displacement may have been due to 

competitive exclusion of the smaller species due to a greater 

filter-feeding efficiency of the larger species. According to the body 

size-filtering efficiency hypothesis of Brooks and Dodson (1965), all of 

the planktonic herbivores compete, for the fine (1-15 Atm in the long 

dimension) particulate matter in the limnetic zone, but the larger 

herbivores compete more efficiently in that particle size range and also 

can filter larger particles. Consequently, a population of large 

filter-feeding cladocerans.can competitively eliminate a population of 

smaller cladocerans. The competitive success of the larger cladocerans 

theoretically is due to the greater effectiveness of food collection and 

the lower metabolic demand per unit of biomass, permitting more assimi

lated energy to go into egg production (Brooks and Dodson 1965).

The filtering efficiency of the planktonic herbivores is related 

to the filtering area of the individual animals. The filtering area of 

related cladocerans with similar filtering apparatus increases with the 

square of the difference in body length of two animals (Burns 1969).

This means that for two Daphnia, one of which is twice as long as the
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other, the larger animal has four times the filtering area of the 

smaller animal„ Additional restrictions on the size of food particles 

utilized by planktonic herbivores probably are placed by the physical 

construction of the mouth parts. Larger herbivores would logically be 

expected to have larger and stronger mouth parts compared to smaller 

herbivores. Consequently, larger herbivores could graze and ingest 

food particles, such as algal colonies and filaments, too large for 

small herbivores.

Dodson et at. (1976) recently disputed the size-efficiency hypoth

esis of Brooks and Dodson (1965). They based their rejection on the 

results of a field study in which the size distribution and density of 

zooplankton food particles in six small ponds with zooplankton were 

determined. In three ponds, the zooplankton community was dominated by 

small species of herbivores, whereas larger species were dominant in the 

other three ponds. It was predicted from the size-efficiency hypothesis 

that there should have been a greater density of all food particles in 

the small-zooplankton ponds after a suitable grazing interval. Converse-, 

Iy, there should have been a lesser density of food particles in the 

large-zooplankton ponds. Their results did not confirm the predictions, 

so the size-efficiency hypothesis was rejected. However, a major 

shortcoming in their reasoning was the erroneous assumption that 

zooplankton density was irrelevant in the predicted outcome of food 

particle density. Zooplankton population densities apparently were not
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determined, since they were not reported. If the zooplankton densities 

in the three small-zooplankton ponds greatly exceeded those in the . 

large-zooplankton ponds, it is conceivable that the total population 

filtering area, and the food collection efficiency, of the small zoo

plankton exceeded that of the larger zooplankton. Thus, the competitive 

filter-feeding advantage of the larger herbivores may have been overcome 

by massive numbers of smaller herbivores. Such a course of events could 

have explained the results of Dodson et al. without disputing the 

validity of the Brooks and Dodson (1965) size-efficiency hypothesis.

Net Production of the
Cladocera and Copepoda at Station I

The biomass (B)', daily net production rates (P) , and daily P ’B-^ 

values of the cladocerans and copepods at Station I are presented in 

Tables 10 and 19. The biomass and net production of the two principal 

cohorts of Cyotaps btouspidatus thomasi. are in Table 20. Biomass and 

net production data are further summarized in Table 21.

During the 286-day study period, the reservoir-wide gross primary 

production was 473 g 02,m~2, which was 1.655 g 02*m-^*day_^, or 5.808 

kcal«m-^ •day~A, assuming I g O2 equals 3.51 kcal (Patalas, unpublished).

Chydovus sphaevious net production totaled 11.050 g*m-^ during the 

study period, or 0.039 g-nT^-day-^. When expressed in energy units 

(0.209 kcal»m“^'day-^), Chydovus net production accounted for 3.6 per

cent of the mean gross primary production. This represents a trophic



Table 19. The net production rates (P, g*m-^*day~^, dry weight) and daily P*B-^ (day-*) of 
the Cladocera and Copepoda at Station I in 1974

Date
Bosm ina  
P P-B"1

C.
q u a d ra n g u la  
P P-B-1

C.
s p h a e r ia u s  

P P-B*1

D.
th o v a ta  
P P-B"1

C .b .
th o m a s i 
P P-B*1

Total
P

Jan 21 0 0 0 0 t* 0.02 0 0 0 0 t*
Feb 18 t* 1.16 0 0 0.002 0.50 0 0 0.001 0.02 0.003
Mar 15 0 0 0 0 t 0.03 0 0 0 0 t

30 0.001 0.50 0 0 0 0 0 0 t* 0.01 0.001
Apr 13 t 0.08 0 0 0.002 0.67 0 0 0 . 0 0.002

25 t 0.08 0 0 0.001 1.00 0 0 t 0.02 0.001
May 10 0 0 0 0 t 0.05 0 0 t 0.01 t
June 5 0.001 1.00 0 0 0.012 0.80 0 0 0.002 0.04 0.015

12 0.003 1.00 0.014 0.30 0.020 0.80 .0 0 0.009 0.06 0.046
17 0.007 2.33 0.006 0.75 0.025 0.66 0 0 0.007 0.06 0.045
27 t 1.12 1.255 2.75 0.564 1.22 0.006 0.55 0.169 0.14 1.994

July I 0.067 1.34 0.150 0.80 0.803 0.89 0.005 0.56 0.118 0.06 1.143
8 2.287 2.26 2.466 1.23 0.097 . 1.62 0.112 0.82 0.614 0.08 5.576

15 1.905 1.55 3.128 0.90 0.016 0.59 0.075 0.46 0.370 0.07 5.494
22 ”0.390 1.21 1.024 0.44 0.005 0.26 0.083 0.33 0.318 0.07 1.820
29 0.686 1.21 0.629 0.54 0.073 2.09 0.114 0.51 0.235 0.06 1.737

Aug 5 0.304 1.28 1.069 0.68 0.008 0.42 0.097 0.33 0.122 0.06 1.600
12 0.019 1.36 0.406 0.51 0.012 1.09 0.051 0.42 0.020 0.06 0.508 '
18 0.084 1.35 0.565 0.40 0.034 0.83 0.224 0.46 0.105 0.06 1.012
26 0.059 1.16 0.742 0.56 0.058 0.73 0.385 0.40 0.046 0.03 1.290

Sept 2 0.019 1.12 0.319 0.55 0.020 0.67 0.138 0.49 0.024 0.03 0.520
9 0.033 1.22 0.259 0.46 0.008 0.27 0.210 0.43 0.013 0.03 0.523

15 t 0.73 0.106 0.26 0.004 0.15 0.088 0.37 0.005 0.02 0.203
23 0.004 1.00 0.083 0.23 0.014 0.26 0.134 0.37 0.016 0.04 . 0.251
29 .0.008 0.89 0.030 0.18 0.019 0.63 0.083 0.34 0.006 0.02 0.146

Oct 6 0.003 1.00 0 0 0.020 0.67 0.048 0.37 0.007 0.02 0.078
13 0.010 1.11 . 0 0 0.009 0.69 0.031 0.49 0.009 0.04 0.059
20 0.011 1.10 0 0 0.009 0.38 0.025 0.40 0.008 0.03 0.053
26 0.004 1.00 0 0 0.005 0.36 0.011 0.41 0.006 0.03 0.026

Nov 2 0.004 1.33 0 0 0.006 .0.32 0.015 0.38 0.010 0,02 0.035

* 0<t<0.001
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Table 20. The biomass (B, dry weight) and net production (P, dry weight) 
of the developmental instars of C y a lo p s  b ia u s p id a tu s  th o m a s i in cohorts 
6 and 7 at Station I in 1974

Instar
N

(ind'l~l)
N*

(Ind-I-1)
W* AW*

(g-ind-1) (g-ind-1) (g-m-2)
P

(g-m-2)

Cohort 6 (June 3-September 22)

E' 564.10 2.465-10-7 1.157
405.46 .2.926-10-7 0.949

Cl 246.82 5.490-10-7 1.084
246.82 5.700-10-7 1.125

C U 246.82 1.119-10-6 2.210
188.77 1.079-10-6 1.629cm 130.71 2.198-10-6 2.298
130.71 1.349-10-6 1.411

CIV 130.71 3.547-10-6 3.709
74.40 1.645-10-6 0.979

CV 18.09 5.192-IO-6 0.751
14.02 3.013-10-6 0.338

AF 9.95 8.205-10-6 0.653

Total 1,347.30 11.862 6.431

P = 6.431 g-m-2 -H O  days-1 = 0.058 g-m”2 -day-1

Cohort 7 (July !-October 14)

E' • 252.39 2.564-10-7 0.158
177.00 2.585-10-7 0.366

Cl 101.60 5.149-10"7 0.419
101.60 4.871-10"7 0.396

C U 101.60 1.002-10-6 0.814
86.54 8.630-10-7 0.597cm 71.48 1.865-10-6 1.066
50.96 1.411-10-6 0.575

CIV 30.43 3.276-IO"6 0.798
21.45 1.833-10"6 0.315

CV 12.47 5.109-10-6 0.510
8.90 2.918-10"6 0.208

AF 5.32 8.027-10"6 0.342

Total 575.29 4.467 2.457

P = 2.457 g-m-^ -106 days-1 = 0.023 g-m""2 - day-1

* N is the mean number of animals between consecutive instar pulses, W 
is the biomass (dry weight) of an individual animal, and AW is the 
change in individual biomass between consecutive instars
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level production efficiency cited by Odum (1971). Patalas (unpublished) 

cited an efficiency of 0.3 percent for Chydbvus sphaevious in eutrophic 

Lake Mikorzynskie in central Poland.

During the 11 days (June 27-July 8) of its peak population density, 

Chydovus net production was 7.875 g*m~2 (0.716 g*m~^*day~^), or 71.3 

percent of its total season production. The mean biomass was 0.067 

g?m~2, thus the mean daily P-B--*- value was 0.58. The Chydovus population 

biomass doubled,, on the average, about every 1.7 days.

Bosmina net production over the study period was 40.411 g•m-^ , or 

0.141 g-m-^ • day-"*-. This corresponds to 0.739 kcal• m-^• day-"*-, or 12.7 

percent of the mean gross primary production. Patalas (unpublished) 

noted an efficiency of 2.4 percent for Bosmina oovegoni in Lake 

Mikorzynskie.

Peak Bosmina densities occurred from July 8 to August 12. During 

that 35 day period, net production was 39.010 g-m-^, or 1.115 

g«m-2-day--*-. This represents 96.5 percent of the total season production 

of Bosmina. The.mean Bosmina biomass was 0.121 g-m-^ ; the mean daily 

P-B--*- value was 1.17. The population biomass doubled in 0.9 day, on the 

average.

Ceviodaphnia quadvangula net production was 81.938 g-m-^ for the 

entire study period, or 0.287 g-nT^-day-"*". This was equivalent to 1.503 

kcal-nf^-day--*-, or 25.9 percent of the mean gross primary production. 

Comparative data on the trophic level production efficiency of C.



Table 21. A summary of the net production (P), biomass (B), and daily P ' values of the
Cladocera and Copepoda at Station I during the 286-day study period (Jan. 21-Nov, 2) in 1974

Species
Production*

g*m“^*286 days--*- g • .day-^
Mean biomass*

-2 g*m *
Daily
P-B™1 B

Rank
P P-B-I

Bosmina 
spp.

40.411 0.141 0.121 1.17 4 2 I

Ceriodaphnia
qnadrangula

81.938 0.287 0.055 0.52 2 I 3

Chydorus
sphaerious

11.050 0.039 0.067 0.58 5 5 2

Daphnia ■ 
thorata '

13.098 0.046 . 0.154 0.30 3 4 . 4

Cyolops bious- 
pidatus thomasi

14.886 0.052 1.139 0.05 I 3 5

Total 161.383 0.565 2.036 0.28
'

* Dry weight

-111
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quadrangula were not found in the literature.
.

From July 8 to August 12, when the Ceriodaphnia population density 

was greatest, net production was 58.207 g*m~^ (1.663 g*m~^*day“^). This 

accounted for 71.0 percent of the total season population net produc

tion. The mean biomass was 0.555 g»m-^; the mean daily value was

0.52. The mean population biomass doubling time was 1.9 days.

Daphnia thorata net production was 13.098 g*m-^ during the study 

period, or 0.046 g-m~^,day~^. In energy units, net production was 

0.240 kcal• m-^ • day- , or 4.1 percent of the mean gross primary produc

tion. Wright (1965) cited efficiencies of 9.2 and 4.3 percent for 

Dcphnia schodleri and D. gateata mendotae, respectively, in Canyon Ferry 

Reservoir in Montana.

Dcphnia net production from August 18 to September 29, the period 

of peak population density, was 8.219 g*m~^ (0.196 g-m“^-day~^). This 

accounted for 62.8 percent of its total season production. The mean 

biomass of Daphnia was 0.154 g-m""^. The mean daily P*B”^ value was 0.30, 

thus the mean biomass doubling time was 3.3 days.

The net production of Cyotops biouspidatus thomasi during the study 

period was 14.886 g*m“^, or 0.052 g*m-^»day-^. This was 0.301 

kcal«m“^*day-^, or 5.2 percent of the mean gross primary production.

Data from Wright (1965, 1967) for the same species in Canyon Ferry
I '!

Reservoir show a trophic level production efficiency of 3.6 percent. 

Since only the N-CIII instars are herbivorous, the efficiency was
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i
i

expected to be less than those of the cladocerans.

During the period (July !-August 5) of peak Cyatops density, the ' 

copepod net production was 11.590 g-m-^, or 0.331 g-m-^-day--*-. This 

was 77.9 percent of the total study-period production of the copepod.

The net production of Cyalo^s cohorts 6 and 7 totaled 8.888 g-m-^

(0.031 g"m~2.day-1 when spread over 286 days), or 59.7 percent of the 

total production of the copepod over the study period. Cohort 6 net 

production alone accounted for 43.2 percent (6.431 g*m“^) of the total 

study-period copepod production, whereas cohort 7 accounted for 16.5 

percent (2.457 . When spread over the 134 days (June 3-0ctober 14)

of cohort 6 and 7 development, the net production of both was 0.066

ginir'2*day~-L.

• The mean biomass of Cyolops over the entire study period was 1.139 

g*nf2. The mean daily P eB--*- value was 0.05, thus the mean doubling time 

for population biomass was 20.0 days.

From January 21 through November 2, the total net production of the 

cladocerans and copepods was 0.564 g*m-^*day--*-. This" was 2.992 

kcal'm-2.day-l, or 51.5 percent of the mean gross primary production.

The cladocerans accounted for 90.8 and 46.3 percent of zooplankton net 

production and the mean gross primary production, respectively. The rank 

in order of percentage contribution to zooplankton net production was: 

Ceriodaphnia quadrangula, 50.8 percent, Bosnrina, 25.0 percent, Cyolopsi 

9.2 percent, Daphniai 8.1 percent, and Chydorusi 6.9 percent.
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The mean biomass of the crustacean zooplankton was 2.036 g •m"2} 0f 

which the cladocerans and copepods accounted for 44.1 and 55.9 percent, 

respectively. The rank in order of percentage contribution to total 

zooplankton biomass was: Cyolops, 55.9 percent, Ceviodcqphnia, 27.3 

percent, Daphniai 7.6 percent, Bosminat 6.0 percent, and Chydovus, 3.2 

percent.

Based on a mean daily P*B-^ value o f .0.28, the average time 

required to double the biomass of the cladocerans and copepods was 3.6 

days.

The exponential relationship derived from my data of the biomass 

(B) and net production rates (P) of the cladocerans and copepods is

P = 0.199B1 *572 (Fig. 30).

The correlation coefficient (r = 0.96) is highly significant (p<0.01). 

When biomass is plotted versus the daily P ‘B--*- values (Fig. 31) , it is 

apparent that productive capacity initially increased with increasing 

biomass, but beyond a biomass of about 2 g*m-2, P-B-^ increased only 

slightly (according to the exponential equation cited above) or remained 

relatively constant at about 0.39 (according to the curve fitted by 

eye). Shushkina (1966) cited similar relationships between zooplankton 

biomass, net production rates, and P oB""-*- values in 28 Byelorussian and 

Karelian lakes, although his derived exponential equations were differ

ent in the actual slopes and intercepts.
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Figure 30. The relationship between Cladocera and Copepoda biomass and net production at 
Station I in 1974

Figure 31. The relationship between Cladocera and Copepoda biomass and the daily P*B-^ value 
at Station I in 1974; curve a fitted by equation, curve b fitted by eye
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Crustacean Net Zooplankton 
and Reservoir Trophic Status

The assessment of lake trophic status has been attempted using 

indicator zooplankton species, but this effort has not been promising. 

Although the knowledge of zooplankton environmental requirements is 

limited, most species seem eurytopic with respect to physical and 

chemical conditions. Few, if any, species can be characterized as 

oligotrophic or eutrophic forms (Gannon 1972). Furthermore, in lakes 

with large populations of planktivorous fish, such as Georgetown Lake, 

it is difficult to separate shifts in the zooplankton community species 

composition due to eutrophication or size-selective predation (Brooks 

1969).

The Georgetown Lake limnetic net zooplankton community contained 

three species (JBosnrLna 'long'Lvostvvs, • Chydovus syhaeinous, and CeryLo- 

daphnia quadranguld) supposedly indicative of eutrophication or high 

nutrient conditions. Beeton (1965) reported that B. IongyLrostris has 

displaced B. ooregoni in eutrophic waters of the Great Lakes, but recent 

systematic evidence casts doubt on the taxonomy of American Bosmina 

(Deevey and Deevey 1971). Chydoznis sphaerious presumably is an indicator 

of eutrophy due to its prevalence during blooms of blue-green algae 

(Brooks 1969), but a massive cyanophyte bloom probably is a better 

indicator of nutrient enrichment than the inconspicuous cladoceran 

(Gannon 1972). Hall et at. (1970) found Ceriodccphnia quadrangula was 

the dominant cladoceran in warm, nutrient-rich experimental ponds.
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Gannon (1972) concluded that "if a zooplankter is to be useful as an 

indicator, its presence should be an early-warning signal to advancing 

eutrophy." Such a species has not yet been identified.

The relative proportions of different zooplankton groups is more 

useful than the presence of particular species in assessing lake trophic 

status. The shift from oligotrophy to eutrophy generally is accompanied 

by a diminishing proportion of calanoid copepods and increasing 

proportions of cyclopoid copepods, herbivorous cladocerans, and 

rotifers (Gannon 1972; Gliwicz 1969; Patalas 1972). The Georgetown Lake, 

net zooplankton community consists entirely of cyclopoid copepods, 

small, herbivorous cladocerans, and rotifers. No calanoid copepods were 

found.

The density of the net zooplankton may also be indicative of lake 

trophic status. Oligotrophic lakes characteristically have lower zoo

plankton densities than eutrophic .lakes, which is related to the lesser 

available zooplankton food in oligotrophic waters. Petrova et at. (1975) 

reported summer (May-August) net zooplankton densities of 16.1 and 97.3 

ind'l"! in oligotrophic Lakes Svetloyar and Svytoye, respectively. 

Patalas (1972) cited 2.9 ind»l-^ in oligotrophic Lake Superior from 

June to mid-August. In the same period, Patalas noted 235.3 ind*!-^ in 

eutrophic Lake Erie. Graham (1975) found a zooplankton density of 279.8 

ind•l-^"year-round in eutrophic Long Lake in Washington. From June 5 

through September 2, 1974, the mean net zooplankton density (including 

rotifers) over all sampling stations in Georgetown Lake was 199.2
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Indcl”*. For the same period at Station I alone, the mean density was 

225cI ind-1™1 .

A  comparison of the biomass, net production rates, and daily P-B--*- 

values of lakes of different trophic status is provided in Table 22. The 

mean biomass (2.036 g*m-^) of the crustacean net zooplankton in George

town Lake does not indicate the trophic status of the reservoir accord

ing to the data in Table 22. Mesotrophic lakes often have a greater mean 

biomass of crustacean net zooplankton than eutrophic lakes. A comparison 

of the lakes by the rate of crustacean production suggests that George

town Lake is mildly eutrophic. However, trophic status assessment by net 

production expressed in areal units is misleading because very deep 

mesotrophic lakes may show greater absolute production than extremely 

shallow eutrophic lakes. Consequently, the comparison of P-B-"*" values, 

along with the consideration of densities, biomass, and net production, 

may assist in lake trophy assessment. The mean daily P-B--*- value of 

Georgetown Lake exceeds those of the eutrophic and mesotrophic lakes 

listed in Table 22.

A  consideration of the species associations, relative proportions 

of different zooplankton groups, and crustacean zooplankton net produc

tion rates and daily P-B- values suggests that Georgetown Lake may be 

mildly eutrophic or is at least nutrient enriched.



Table 22. A comparison of the net production rates (P, g ‘m”^«day""^), biomass (B, g»m and
daily P-B-^ values of the Cladocera and Copepoda at Station I in Georgetown Lake in 1974 with 
the same parameters for the same taxa in various temperate lakes of different trophic status

Lake Trophic status Study period P B P-B-1 Reference

Georgetown Lake 
Montana

Unassigned January-November 0.565 2.036 0.28 This study

Long Lake 
Washington

Eutrophic June-September 0.926 8.340 0.11 Graham (1975)

Lake Mikorzynskie 
Poland

Eutrophic July-August 1.298 9.110 0.14 Patalas (unpublished)

Lake Mikolajskie 
Masuria

Eutrophic May-November 0.569 10.754 0.05] Hillbricht-Ilkowska 
' et al. (1966)

Lake Taltowisko 
Masuria

Mesotrophic May-N ovember 0.444 10.985 0.04)

Lake Batorin 
Byelorussia

Eutrophic May-October 0.134 1.660 0.08

Lake Myastro 
Byelorussia

Meso-eutrophic May-October 0.121 1.726 0.07 Winberg et at. (1972)

Lake Naroch 
Byelorussia

Mesotrophic May-October 0.041 0.669 0.06

* Dry weight



SUMMARY

Georgetown Lake is a shallow, western Montana reservoir commonly 

regarded as eutrophic. A limnology study was conducted from July, 1973 

to July, 1975 to determine the reservoir trophic status and causes. This 

zooplankton study was a segment of the limnology study and extended from 

January 21 through November 2, 1974. The principal objectives were: (I) 

to identify the principal species of net zooplankton in the reservoir, 

(2) to measure the population dynamics and production of the principal 

species, and (3) to provide zooplankton data necessary for assessment 

of the trophic status of the reservoir.

Physical, chemical, and phytoplankton data for the reservoir were 

discussed by Knight et al. (1976). Generally,'Georgetown Lake had 

moderately high total phosphorus and total nitrogen concentrations in 

1974, but there were net annual losses of these elements through the 

dam outlet. With respect to nitrogen, phosphorus was the limiting 

nutrient in the summer. Due to its shallowness and to regular strong 

winds, the reservoir did not stratify thermally or chemically in 1974. 

Oxygen was the only critical element of those monitored; the bottom 

water was anoxic in spring prior to ice-out.

The phytoplankton community was diverse in taxa, but only 15 

species accounted for about 95 percent of the mean total phytoplankton 

biomass. Unicellular flagellates were abundant in spring, followed by 

diatoms and green algae in summer and green and blue-green algae in
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autumn. The blue-green algae (primarily Anabaena flos-aquae) appeared 

in non-bloom proportions in August. The mean gross primary production 

during the study period was 1.655 g O2 eH f ^ d a y -1 (5.808 kcal«m-2-day-1) .

The Georgetown Lake limnoplankto'n community was typical of temper

ate reservoirs in that it contained, at any given time, one copepod 

species, one to five cladoceran species, and zero to three or more 

rotifer species. The principal limnetic net zooplankton, in order of 

their succession, were: Kevatetla quadvata, K. Qoehleccvls, Chydovus 

sphaevious, Cyclops bleuspidatus thomasl, Bosmina (B. oovegoni + B. 

longivostvis), Ceviodaphnia quadvangula, Asplccnchna pviodonta, and 

Dccphnia thovata.

The reservoir-wide limnetic^ net'zooplankton community appeared 

homogeneous throughout the summer, with Station I being representative 

of the limnetic habitat.

The equation best relating total net zooplankton density (N, 

ind-1--*-) and biomass . (B, g.m-2) at Station I during the study period is:

B =  15.911N - 0.340.

The zooplankton densities were at times only weakly correlated 

with the chlorophyll a concentration, but stronger, short-term correla

tions were evident between zooplankton densities and the biomass of 

specific phytoplankton taxa. The Kevatella were positively correlated 

with the unicellular flagellates in spring. The cladocerans were most
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strongly positively correlated with species in the Chlorophyta, 

Chrysophyta, and Cryptophyceae in summer and early autumn. Cyclops 

N-CIII instars were positively correlated with the Chlorophyta and 

Chrysophyta early in the summer. During peak Cyclops abundance, the . 

copepod CIV-Adult instars appeared to be cannibalistic on the N-CIII 

instars. At other times, predation was directed towards rotifers and 

small cladocerans. Asplanchna probably preyed on small rotifers, 

cladocerans, and copepods.

Generally, the increased phytoplankton crops in the summer repre

sented improved zooplankton food conditions. The principal effects of 

improved nutrition were increases in both densities of ovigerous females 

and'mean- clutch size. Consequently, when water temperature was- suitable, 

zooplankton birth rates and population densities rose. The failure of 

the cladocerans to increase in response to the spring chlorophyll a 

and phytoplankton pulses was attributed to excessively cold water 

limiting cladoceran reproduction.

All of the•cladocerans showed a marked drop in the mean clutch 

size, population egg production, and birth rate in July in concert with 

increased water transparency and rising chlorophyll a and phytoplankton 

levels. The high concentration of phaeo-pigments then indicate there was 

a lot of organic detritus in the water. The reduced cladoceran repro

duction was attributed to a temporary switch from live phytoplankton to 

low-nutritive detrital food. A later conversion back to live algae led
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to increased birth rates and population growth.

The August pulse of blue-green algae promoted an increase in the 

Chydovus sphaevtous. population, but had little noticeable impact on the 

Bosntinai Ceviodxphniai or Daphnia populations. There was some apparent 

effect of the cyanophytes on the cladoceran birth rates. The Chydovus 

birth rate increased during the cyanophyte pulse, suggesting the algae 

were nutritious to that cladoceran. The Daphnia birth rate was depressed 

in the cyanophyte pulse, indicating Daphnia could not thrive on 

blue-green algae. The Bosmina and Ceviodaphnia birth rates showed no 

particular response to the cyanophytes, but the populations of both 

cladocerans were already declining prior to the appearance of the 

blue-green algae. The cyanophytes failed to invoke excessive mortality 

in the net zooplankton.

Grazing pressure from increasingly larger zooplankton seemed to 

force a size-ordered succession of phytoplankton from a spring associa

tion of small, edible flagellates and diatoms to gelatinous and 

filamentous green and blue-green algae in autumn. This phenomenon was 

attributed to the ability of specific size cladocerans to graze and 

ingest a specific size range of food particles.

The succession of increasingly larger cladocerans probably was 

forced by a number of factors. Intense size-selective predation by 

rainbow trout and kokanee salmon set the maximum zooplankton body length
I

at less than 1.6 mm. Within the prevailing zooplankton length distribu
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tion, the annual succession from small to large cladocerans probably 

resulted from competitive displacement of the small by the larger 

cladocerans. The larger cladocerans apparently enjoyed greater repro

ductive rates.in the late summer. The larger cladocerans also may have 

had a greater filter-feeding efficiency than the smaller animals.

Instar length analysis confirmed the validity of proposed C.b. 

thomasi. copepodite identification characteristics. Instar length on a 

given date was inversely correlated to the water temperature from 7 to 

35 days earlier. Food had little noticeable impact on instar length.

By cohort analysiss I determined that Cyotops btouspi-datus thomasi 

was a multivoltine (up to 10 cohorts in 1974), perennial species that 

apparently underwent a facultativeoverwintering diapause in the CIV 

instar throughout the year. Photoperiod length, water temperature, and 

food quality may have been the factors that provoked diapause.

The effectiveness of Cyotops and AspZandhna predation was apparent 

in the Chydovus population. The greatest Chydovus mortality was noted 

during the peak Cyotops CIV-Adult densities. I noticed late instar 

Cyotops clutching chydorids in their mouth parts in several samples. 

Predatory mortality could have accounted for a Chydovus death rate (d) 

of 0.373. The natural, non-predatory death rate was about 0.089.

The declining water temperature in autumn probably accounted for 

the decline of the Ceviodaphnia and Daphnia populations.

During the study period, the total net production of the d a d o -
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cerans and copepods was 0.564 g-nf^-day-^ (2.992 kcal-m-^-day-^), or 

51.5 percent of the mean gross primary production. The cladocerans and 

copepods accounted for 90.8 and 9.2 percent, respectively, of the 

crustacean zooplankton net production. Cladoceran net production was 

46.3 percent of the mean gross primary production. The dominant 

cladoceran, Ceinodaphn-La quach?anguZa, alone accounted for 50.8 percent 

of the crustacean zooplankton net production and 25.9 percent of the 

mean gross primary production. Two of the 10 identified cohorts of 

Cyclops bicuspi-datus tkomas-i accounted for 59.7 percent of the total 

study-period net production of that copepod.

The mean total biomass of the cladocerans and copepods was 2.036 

g'm-^, of which the cladocerans and copepods accounted for 44.1 and 55.9 

percent, respectively. The mean daily P*B-^ value for the crustacean 

net zooplankton was 0.28. Therefore, the crustacean zooplankton biomass 

was replaced every 3.6 days, on the average. The relationship between 

the crustacean net zooplankton biomass (B) and net production rates (P) 

was best described by:

P = 0.199B1,572.

The productive capacity (P-B--*-) of the crustaceans initially increased 

rapidly with increasing biomass, but beyond a biomass of about 2.0 

g»m-2, the P ‘B~^ value only gradually increased or remained nearly
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constant at about 0.39.



The trophic status of the reservoir was indicated by the net 

zooplankton community. Three species (Bosnrina Iongirostriss Chydorus 

spkaerious, and Ceriodaphnia quadranguta) may have been.indicative of 

eutrophic or nutrient-rich conditions. The zooplankton community 

dominance by cyclopoid' copepods, herbivorous cladocerans, and rotifers 

and the absence of calanoid copepods suggests eutrophic conditions, as 

does the high net zooplankton densities. Although the mean crustacean 

zooplankton biomass is not indicative of eutrophy, the net production 

rates and daily P»B-^ are. Overall, the limnetic net zooplankton 

community is suggestive of mildly eutrophic reservoir conditions.
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Table 23. The densities (N, ind-l-1*) of the length groups of Boemina at
Station I in 1974

Date

0- , 
0.099 

N

0.100-
0.199

N

S
Length groups 

0.200- 0.300-
0.299 0.399

N N

(mm)
0.400-
0.499

N

0.500-
0.599

N

0.600-
0.699

N
Total

N

Jan 21 0 0 0 0 0 0 0 0
Feb 18 0 0 0.06 0 0 0 0 0.06
Mar 15 0 0 0 0 0 0 0 0

30 0 0 0 0 0.09 0 0 0.09
Apr 13 0 0 0 0 0 0 0 0

25 0 0 0 . 0 0 0 0 0
May 10 0 0 0 0 0 0 0 0
June 5 0 0 0 0.08 0 0 0 0.08

12 ■ 0 0 0.04 0.12 0.06 0.02 0 0.24
17 0 0 0.08 0 0.08 0.08 0 0.24
27 0 0 0.03 0 0 0 0 0.03

July I 0 0 1.03 1.76 0.94 0.10 0.10 3.93
8 0 2.81 50.51 40.69 7.01 0 0 101.02

15 0 9.86 61.98 56.35 7.05 0 0 135.24
22 . 0 0 20.23 7.23 4.70 1.44 0 33.60
,29 0 0.51 13.92 28.74 9.28 0 0 52.45

Aug 5 0 1.99 15.39 7.44 0.50 0 0 25.32
12 0 0 1.08 ■0.61 0 0 0 1.69
18 0 0.13 2.54 3.48 0.13 0 0 6.28
26 0 0.30 2.41 2.41 0.30 0 0 5.42

Sept 2 0 0.11 0.42 0.75 0.32 0 0 1.60
9 0 0.06 1.42 1.23 0.12 0 0 2.83

15 0 0 0 0.03 0 0 0 0.03
23 0 0 0.12 0.18 0.04 0 0 0.34
29 0 0 0.52 0.48 0 0 0 1.00

Oct 6 0 0 0.03 0.19 0 0 0 0.22
13 0 0.03 0.27 0.33 0.14 0 0 0.77

. 20 0 0 0.48 0.27 0.14 0 0 0.89
26 0 0 0.11 0.08 0.10 0 0 0.29

Nov 2 0 0 0.12 0.09' 0.02 0 0 . 0.23



Table 24. The densities (N, ind»l~^) of the length groups of Ceriodaphnia quadmngula
at Station I in 1974

Date

0-
0.149

N

0.150- 
0.299 
. N

0.300-
0.449

N

Length groups (nun) 
0.450- 0.600-
0.599 0.749

N N

0.750-
0.899

N

0.900-
1.049

N

1.050-
1.199

N
Total

N

Jan 21 0 0 0 0 0 0 0 0 . 0
Feb 18 0 0 0 0 0 0 0 0 0
Mar 15 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0
Apr 13 0 0 0 0 0 0 0 0 0

25 0 0 0 0 0 0 0 0 0
May 10 0 0 0 0 0 0 0 0 0
June 5 0 0 0.30 0.77 0.10 0.09 0 0.09 1.35

12 0 0.05 0.11 0.27 0.58 0.17 0.26 0 1.44
17 0 0.05 0.10 0.09 0.19 0 0 0 0.43
27 0 2.29 5.81 4.15 4.78 2.08 0.21 0 19.32

July I 0 0.12 8.01 2.10 1.34 0.47 0 0 12.04
8 ' 0 3.82 66.23 40.76 11.44 1.27 0 0 123.52

15 0 45.85 51.39 62.49 51.39 2.78 0 0 213.90
22 0 0 18.04 73.10 24.68 2.85 0.95 0 119.62
29 0 0 8.26 35.98 14.87 0.78 0 0 59.89

Aug 5 0 1.76 38.10 20.97 23.21 3.07 0.44 0 87.60
12 0 0.39 11.91 16.71 13.51 0.52 0 0 43.04
18 0 0 18.45 37.28 17.37 2.53 0 0 75.63
26 0 0.92 11.02 20.67 31.23 0.92 0 0 64.76

Sept 2 0 0 5.38 13.65 8.95 0.67 0 0 28.65
9 0 0 5.25 10.95 10.95 0.46 0 0 27.61

15 0 0 1.03 7.20 8.44 1.44 .0 0 18.11
23 0 0.13 0.39 4.81 8.83 1.30 0 0 15.46
29 0 0 0 1.16 4.95 0.70 0 0 6.81

Oct 6 0 0 0.14 0.20 2.60 0.53 0 0 3.47
13 0 0 0.05 0.02 0.28 0.05 0 0 0.40
20 0 0 0.02 0.02 0.26 0.05 0 0 0.35
26 0 0 0 0.03 0.14 0.02 0 0 0.19

Nov 2 0 0 0.01 0.01 0.11 0.06 0 0 0.19



Table 25. The densities (N, Ind1I""*) of the length groups of Chydovua
aphaeriaua at Station I in 1974

Length groups (mm)

Date

0-
0.099

N

O
 dV-

O
 CTx 

, 
t—I i—I 53
o d 0.200-

0.299
N

0:300-
0.399

N

0.400-
0.499

N

0.500- 
0.599 
' N

Total
N.

Jan 21 0 0 0 0.09 0 0 0.09
Feb 18 0 0 0.06 0.17 0 0 0.23
Mar 15 0 0 0.28 0 0 0 0.28

30 0 0 0 0 0 0 0
Apr 13 0 0 0 0 0 0 0

25 0 0 0 0 0 0 0
May 10 0 0 0.08 0 0 0 0.08
June 5 0 0.08 0.56 0.24. 0 0 0.88

12 0 0.02 0.94 0.51 0 0 1.47
17 0 0 1.48 0.74 0 0 2.22
27 0 5.69 14.94 8.06 0 0 28.69

July I 0 0.49 43.93 11.72 0 0 56.14
8 0 0 2.74 0 0 1.37 4.11

15 0 0.48 0.95 . 0 0 0 1.91
22 0 0.49 0.97 0. 0 0 1.46
29 0 0 1.97 0.16 0 0 2.13

Aug 5 0 0.80 0.64 0.16 0 0 1.60
12 0 0.23 0.62 0 0 0 0.85
18 .0 0.35 2.22 0 0 0 2.57
26 0 2.29 2.58 0.57 0 0 5.44

Sept 2 . 0 0.55 1.26 0.32 0 0 2.13
9 0 0.22 1.80 0.08 0 0 2.10

15 0 0.06 1.64 0.06 0 0 1.76
23 0 0.19 2.70 0.45 0 0 3.34
29 0 0 1.24 0.44 0 0 1.68

Oct 6 0 0.06 1.28 0.43 0 0 . 1.77
13 0 0.06 0.60 0.12 0 0.02 0.80
20 0 0.03 1.58 0.12 0 0 1.73
26 0 0.01 0.75 0.18 0 0 0.94

Nov 2 0 0 1.10 0.18 0.02 0 1.30
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Table 26. The densities (N, Ind1I-"*) of the length groups of Daphnia thorata at
Station I in 1974

Length groups (mm)
0- 0.200- 0.400- 0.600- 0.800- 1.000- 1.200- 1.400-

0.199 0.399 0.599 0.799 0.999 1.199 1.399 1.599 Total
Date N N. N N N N N N N

Jan 21 0 0 0 0 0 0 0 ' 0 0
Feb 18 0 0 0 0 0 0 0 0 0
Mar 15 0 0 0 0 0 0 0 0 0

30 0 0 0 0 0 0 0 0 0
Apr 13 0 0 0 0 0 0 0 0 0

25 0 0 0 0 0 0 0 0 0
May 10 0 0 0 0 0 0 0 0 0
June 5 0 0 0 0 0 0 0 0 0

12 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0
27 0 0 0.10 0.05 0 0.05 0.03 0 0.23

July I 0 0 0.04 0.16 0.08 0 0 0 0.28
8 0 0 0.67 0.66 0.33 1.00 0 0 2.66

15 0 0 0.19 0.19 1.35 0.19 0.59 0 2.51
22 0 0 0.37 0.65 0.90 1.27 0.64 0 3.83
29 0 0 0.26 1.20 2.40 0 0.58 0 4.44

Aug 5 0 0.16 0.32 1.29 ' 0.97 1.29 0.81 0 4.84
12 0.05 0.10 0.17 0.63 0.83 0.39 0.23 0 2.40
18 0 0 0.82 5.76 4.00 0.59 0.36 0.12 11.65
26 0 0 2.20 6.58 6.27 4.39 0.63 0 20.07

Sept 2 0 0 1.52 4.75 1.08 0.87 0 0 8.22
9 0 0 1.30 4.86 3.44 1.66 0.12 0 11.38

15 0 0 1.00 3.79 1.34 0.56 0 0 6.69
23 0 0 0.84 2.90 3.64 0.84 0 0 8.22
29 0 0.06 0.66 1.21 1.99 1.00 0.12 0 5.04

Oct 6 0 0 0.41 1.11 1.19 0.33 0 0 3.04
13 0 0.02 0.39 0.58 0.28 0.25 0.03 0 1.55
20 0 0 0.43 0.81 0.33 0.19 0 0 1.76
26 0 0 0.16 0.11 0.23 0.11 0 0 0.61

Nov 2 0 0 0.19 0.25 0.28 0.16 0 0 0.88



Table 27. The densities (N, Ind1I*""*") of the developmental lnstars of Cyotope biouepidatw
thomaei at Station I in 1974

lnstars
E 1 N Cl C U  Clil " CIV CV AM AF Total

Date N N N N I? ' N N N N N

Jan 21 0 0
Feb 18 0 0.06
Mar 15 0 0

30 0 0
Apr 13 0 0

25 0.09 0.09
May 10 0.08 0.61
June 5 1.56 1.56

12 8.70 0.87
17 3.16 0.44
27 189.31 22.30

July I ■ 0 16.55
8 83.28 2.53

15 11.65 6.26
22 16.25 25.96

" 29 11.98 0.39
Aug 5 34.22 0.27

12 4.39 0 '
. 18 54.50 0.17

26 9.74 0
Sept 2 7.69 0

9 5.79 0
15 4.54 0
23 17.07 0
29 3.93 0

Oct 6 6.13 0.03
13 5.15 0
20 4.58 0
26 4.37 0.02

Nov 2 5.03 0.13

0 0 0
0 0 q
0 0 0 .
0 0 0.09
0 0 0

0.09 0 0.09
0.08 0.23 Q-
0.61 0.22 ■ 0.21
1.19 1.01 0.27
0.72 0.55 0.50

10.65 2.41 1.03
86.87 ■ 28.96 5.52
96.14 132.80 110.43
26.64 66.60 101.77
66.39 47.07 52.03
15.58 53.88 39.60
1.21 16.17 33.15
1.05 1.81 3.83
1.63 4.66 18.87
0.29 1.43 5.73
0.29 0.37 1.90
1.00 0.50 1.07
0 0.91 0.32

0.17 1.89 1.80
0.20 1.96 1.72
2.35 2.41 1.99
3.07 4.97 2.51
2.58 3.84 2.43
1.53 1.97 1.26
3.57 4.40 3.98

0 0 0
0.40 0.33 0.50
0 0 0

0.18 0 0.18
0 0 0

0.09 0.18 0.46
0 0.15 0

0.46 0.05 0.02
0.44 0.47 0.17
0.89 0.59 0.04
1.48 0.85 3.01
2.76 0 2.76

68.65 6.68 3.90
63.41 2.66 1.15
66.39 15.86 1.57
58.94 19,.60 7.01
12.93 12.53 4.85
4.20 i 2.29 0.76

23.06 : 5.36 6.46
20.06 10.89 14.33
6.45 6.45 3.81
2.72 3.57 2.64
1.17 1.42 1.39
1.03 1.20 1.20
0.80 0.56 0.56
1.66 0.52 0.39
1.11 0.51 0.24
1.41 0.43 0.12
1.57 0.57 0.14
4.11 1.75 0.20

0.09 0.09
0.06 1.35
0.28 0.28
0.09 0.54
0 0
0 1.00

0.15 • 1.22
0.11 3.24
0.44 4.86
0.22 3.95 I
6.51 48.24 . G11.03 154.45 NJ
7.99 429.12 I
6.93 275.42
4.57 279.84
7.30 202.30
7.28 88.39
0.95 14.88

10.48 70.69
8.31 61.04
4.76 24.03
2.79 14.29
2.30 . 7.51
4.03 11.32
2.37 8.17
1.92 11.27
0.38 12.79
0.35 11.16
0.18 7.24
0.40 18.54



Table 28. The mean length (L, mm) of the developmental instars of 
Cyotops b-tcuspidatus thomasi on the sampling .dates at Station I in 1974

— 1 3 3 — ■

Instars
N Cl C U c m . CIV CV AM AF

Date L L L L L L L L

June 5 0.236 0.458 0.562 0.696 0.835 1.040 0.944 1.328
12 0.255 0.414 0.528 0.662 0.794 1.036 0.944 1.253
17 0.252 0.430 0.510 0.638 0.762 0.940 0.831 1.291
27 0.224 0.392 0.527 0.635 0.725 0.889 0.890 1.177

July I 0.208 0.400 0.516 0.668 0.801 0.930 0.914 1.154
8 0.357 0.369 0.500 0.644 0.765 0.971 0.875 1.142
15 0.185 0.331 0.469 0.610 0.779 0.922 0.835 1.130
22 0.202 0.361 0.455 0.578 0.729 0.872 0.861 1.149
29 0.231 0.364 , 0.444 0.558 0.682 0.822 0.810 1.097

Aug 5 — 0.383 0.454 0.573 0.717 0.822 0.790 1.048
12 ——— 0.364 0.462 0.538 0.676 0.826 0.787 1.058
18 0.209 0.393 0.455 0.567 0.690 0.801 0.784 0.992
26 ——— ——— 0.465 0.582 0.710 0.804 0.777 0.977

Sept 2 ——— 0.373 0.453 0.589 0.710 0.821 0.775 • 0,985
9 ——— 0.353 0.465 0.590 0.728 0.818 0.774 0.975

15 —-- — ™ 0.477 0.613 0.757 0.839 0.767 0.953
23 ——— 0.385 0.441 0.569 0.734 0.870 0.763 0.996
29 ——— . 0.435 0.467 0.605 0.721 0.932 0.755 0.970

Oct 6 0.148 0.394 0.507 0.623 0.783 0.930 0.770 0.976
13 —— — 0.407 0.534 0.680 0.839 0.996 0.825 1.076
20 —-- 0.435 0.559 0.721 0.845 1.069 0.774 1.088
26 0.183 0.422 0.543 0.679 0.837 1.046 0.933 1.288

Nov 2 0.244 0.408 0.529 0.671 0.835 1.021 0.942 1.196

Mean 0.226 0.394 0.492 0.621 0.759 0.917 0.829 1.100
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