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I. INTRODUCTION 

An accurate appraisal of the ecology of the 

Cladocera in an aquatic ecosystem is very important 

since they constitute one o~ the major components of 

the zooplankton community. In order to more accu

rate~y evaluate their role, it is necessary to care

fully investigate all important factors relating to 

their ecology and population dynamics. One of the ways 

which this can be done is to investigate the changes 

in their reproductivity. 

The importance of the Cladocera in serving as a 

major part of the diet.of young fish fry and in turn 

the dependence oflarger fish upon these fry has long 

been recognized. Pennak (1953) notes that 95% of the 

stomach contents of young fish consist primarily of 

this component~ More recently, the role of the 

Cladocera in recycling and concentrating mineral and 

nutrient components has been appraised. Ketchum states 

that considerable evidence exists that planktonic animals 

play important roles in the aquatic nutrient cycle 

(Barlow and Bishop, 1965). 

Pennak (1953) also noted that the Cladocera 

generally feed on algae, protozoa, organic detritus 
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and bacteria in a non-selective manner. Through this 

non-selective manner the cladocerans recycle valuable 

substances, such as phosphorus, which may then be 

altered or transformed and upon elLmination made 

available t~ other organisms. Barlow and Bishop 

(1965) demonstrated that epilimnetic populations 

consisting primarily of cladocerans contribute 

significantly to the generation of phosphorus. Far 

greater amounts are generated in the epilfmnion than 

in the hypolimnion. 

The fact that Cladocera ingest algae in large 

numbers has given them the title of grazers or herbi

vores. This conversion of autotrophic material makes 

them important components in the food chains of aquatic 

ecosystems. This importance can be further realized 

by the eff~ciency of utilization and conversion of 

their excretory products by bacteria. 

Because of the position of the Cladocera in food 

chains of aquatic ecosystems, any information relative 

to their biology and function is of great value. 

One of the most important areas in the study of 

any organism is its reproductive capacity. An eval

uation of its fecundity is important because it reflects 

the condition or status of reproductive potential at a 
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particular time. 

Any comprehensive study of the cladocerans should 

involve a time span of a year because of their operation 

under a different set of circumstances for each season 

of the year. The time span of this investigation was 

one year starting from September 1968 until August 1969. 

An evaluation of the seasonal fecundity changes 

of a particular group of organisms depends upon accurate 

and frequent observations of egg production. Many such 

studies have been performed in the laboratory, but 

little evidence has been collected in the field. It 

3 

is to the latter goal that this research has been directed. 

A. McCargo Lake 

McCargo Lake, situated in Orleans County, New York, 

is an ovoid, spring fed, natural lake of approximately 

3 hectares (8 acres) of open water (Fig. 1). A 6 to 8 

hectare (15 to 20 acre) tract of marsh is directly 

connected to the lake and is subject to change by any 

significant rainfall. At one t~e McCargo Lake covered 

a full 8 hectares (20 acres), but much of the area has 

been filled in due to succession. 

The open water area is bounded by a limestone 
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escarpment to the south where a spring originates. 

The east shore extends into the 6 to 8 hectare tract 

of marsh area while the west shore has approximately 

10 meters of vegetation until solid shore is reached. 

The north shore has little aquatic vegetation and has 

a sharp, definite shoreline. 

The greatest depth of McCargo Lake varies from 

6.5 meters in suiDmer to 7.5 meters in winter and spring. 

The lake level is affected by any considerable rainfall 

and the e·xcess water drains off by a small stream which 

is usually dry in late summer. 

The character of McCargo Lake is dystrophic. It 

was found that during the periods of stratification 

that the epilLmnion never had dissolved oxygen values 

under 3.0 parts per million. However, the hypolimnion 

presented very low values almost to the point of total 

absence. This stratification pattern could be simply 

described as a productive lake resting upon an almost 

dead or unproductive lake. 

Dissolved oxygen values for all levels were found 

to range from 3.8 to 11.3 parts per million during spring 

and summer stratification. When stratification was 

absent, in the fall and winter, values ranged from 3.9 

to 8.9 parts per million. Mean oxygen values were 6.8 
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parts per million for spring and summer and 6.5 parts 

per million for fall and winter. 

Hydrogen sulfide, although not followed regularly, 

gave strong indication that there were high values (5.0 

parts per million) in the hypolimnion. While stratification 

was present, it was detectable at times in and below the 

metalimnion at levels of 0.1 to 0.5 parts per million. 

When stratification was absent, hydrogen sulfide was also 

absent. 

One of the single most important factors in a lake 

ecosystem is probably temperature 9 Temperature affects 

chemical, physical. and biological aspects of any ecosystem. 

The lake ecosystem is no exception, however, there is a 

stability of temperature due to the specific heat of 

water. The terrestrial ecosystem shows a more erratic 

and greater temperature range demonstrated by air 

temperature. 

Temperature combined with certain limnological 

factors causes the stratification which in turn creates 

strong boundaries that delineate the chemical, biological 

·and physical properties. Mean temperatures for all depths 

0 0 for fall, winter, spring and summer were 9.1 c., 4.0 c., 
0 . 0 . 

8.7 c. and 18.1 c. respectively. The mean temperature for 

0 the year was 10.3 c. The temperatures of the epilimnion 
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were quite uniform throughout the year especially for the 

first 1.5 meters (Fig. 2 and Table 1). 
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During the sampling period light penetration was 

virtually limited to a depth of 1.5 meters and was usually 

extinct at the 2.0 meter level. Light penetration, during 

sampling periods was regular throughout the year and 

showed no irregular seasonal change. It was found that 

approximately 50% of the incident light was extinguished 

in the surface water (Fig. 3). 

The zooplankton of MCCargo Lake had a cladoceran 

population consisting of species of Daphnia, Bosmina, 

Ceriodaphnia and Chydorus. All of the Cladocera except 

Chydorus were closely followed and investigated for this 

rese.arch. The copepod populations contained species of 

Diaptomus and Cyclops. The most predominant rotifers 

were Asplanchna and Keratella. Occasionally the larval 

form of Chaoborus was encountered. 

B. Cladoceran Life History 

Growth and maturation of a cladoceran starts with 

the parthenogenetic egg developing in the ovary and being 

extruded into the brood chamber with as many as 15 

additional eggs (Pennak, 1953). During parthenogenesis 
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the populations are made up entirely of females. In the 

brood chamber the eggs develop into embryos. According 

to Green (1963), all embryos in any particular brood of 

Scapholeberis mucronata (0. F. Muller) often tend to be 

in the same stage of development. After developing from 

the embryo stage, young cladocerans, which resemble 

miniature adults are released from the brood chamber at 

the time of ecdysis. The period of time of molting of 

the carapace from one molt to the next is referred to as 

an instar. 

As the newborn Cladocera mature they will undergo 

a series of immature instars until they reach sexual 

maturity. The time span until maturity varies and it 

is generally believed th~t it is dependent upon temper

ature and food. According to Pennak (1953) there are 

three juvenile instars followed by the adolescent or 

fourth instar, the stage when eggs are deposited in the 

brood pouch. The fifth or first adult instar then 

liberates the young. A new brood of e~gs is deposited 

and will mature to be liberated at the beginning of the 

sixth instar. 

An understanding of the seasonal changes, especially 

in respect to reproduction, should be elucidated in order 

to put specific processes into proper perspective. 

7 
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Although a seasonal cycle is present, results for 

different years may vary. According to Pennak (1953) 

populations may be quite different from season to 

season demonstrating different population curves from 

one year to the next. 

In spring the numbers increase because of conditions 
I 
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that are more conducive to reproduction. Light conditions 

in the form of duration or photoperiod play an important 

role. Stross (1966) found that increasing photoperiod in 

spring was the triggering mechanism for hatching of over-

wintering eggs. Usually the zooplankton population in 

general increases in spring from the winter low. 

Hall (1964) stated that Cladocera operate on a food 

limited basis. He believes that food in the form of algae 

in spring is responsible for growth and egg number increases. 

This is due, according to Hall, to the increased mixing of 

nutrients during the spring and fall turnover. 

Numbers decline in summer and reproduction decreases 

because of crowding, competition for food, high tempera-

tures and associated higher metabolic rate. Hall (1964) 

stated that following spring, food supply is exhausted 

from heavy grazing of zooplankton. He also says that 

summer produced ·blue-green and filamentous green algae 

which are not particularly fitted as food for zooplankton. 
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Predation during summer was also given as a reason for low 

populations (Hall, 1964). 

The reproduction of most Cladocera is parthenogenetic 

during most of the year. However, for a period of time in 

autumn and occasionally in spring the male may appear and 

the production of the sexual egg or ephippium occurs. 

The appearance of males occurs during a time of falling 

and prolonged duration of low temperatures. It is felt 

that some stimulus, possibly crowding or temperature, 

causes the parthenogenetic egg to produce a male. Banta 

and Brown (1929b) did considerable research into sex 

determination resulting from temperature, food and crowd-

ing conditions. They felt that in some experiments, the 

main st~lus in the production of males was not food, but 

the buildup of excretory products. 

It was found by MacArthur and Baillie (1929) 

that at 14°C. Daphnia magna males were produced and that 

at 12°C. to 14°C. ephippial females were found. It was 

also noted that the optimum range for parthenogenesis 
0 0 0 

was 15 c. to 25 c., with temperatures above 25 c. 

producing unfavorable growth conditions. 

Green (1963) noted an interesting observation in the 

critically lower temperature ranges for §£apholeberis 

mucronata. He found that sexually reproducing females or 
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females with ephippia were somewhat smaller than the more 

commonly found parthenogenetic female. 

After ecdysis, the carapace, which is usually a 

dar~ brown, opaque and striated structure, seals itself 

and becomes the ephippium containing eggs. The egg 

within the ephippium overwinters in this condition until 

hatching in spring. The mechanisms of production and 

hatching of ephippia were unknown for many years. Some 

information was available but not until the work of Stross 

(1966) did a reasonable explanation present itself. 

Stross found that only low temperatures were mainly 

responsible for the fall-produced ephippia. During spring 

increasing photoperiod·was responsible for hatching regard

less of what the temperature might be. 

The mechanism of diapause or overwintering plays a 

very important role in the cladoceran life history. It 

provides for the continuation of the species from one 

year to the next. In an ecosystem where water becomes 

absent or where the aquatic environment is hostile due 

to the effects of temperature, this is very important 

for survival. 
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c. Literature Survey 

Early and well known investigators of the 

reproduction of cladocerans were performed by Weismann 

in the late 1870s. He originated the theory that sexual 

reproduction proceeded at definite periodic intervals or 

11 

or cycles during the course of parthenogenetic reproduction. 

It was thought that this cycle was innate and that 

environment had no role. Weismann's theory was given 

credence by Woltereck and Papanicolau even though his 

theory was incorrect (Agar, 1914). Research similar to 

the early work of Banta (1939) had shown that cultures 

could be kept in a state of continual parthenogenetic 

reproduction for well over ten years without any need 

for sexual reproduction. This was done by observing the 

cultures and by removing males when they appeared. 

A curious factor about sexual reproduction is that 

of the male cladoceran which is rarely seen and present 

only at certain times of the year. Research performed 

by von Scharfenberg found that there were two different 

stimuli responsible for the production of males and 

ephippial eggs (Brown, 1929). 

Further numerous and significant advances were 

made in sex determination by Banta and Brown (1929a, 
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1939). They observed that well nourished cultures were 

the only ones that produced males. The stimulus of 

crowding induced the production of males for short times 

of approximately four hours prior to the passing of the 

egg into the brood chamber. 

It was found that an excretory nonspecific product 

was involved in sex determination (Banta and Brown, 1929a, 

1929b, 1939). They demonstrated a connection with crowding 

and that a number of other suspected substances had little 

effect. It was suggested that the nonspecific excretory 

product produced a depression of metabolism at a critical 

period. Berg (1931) confirmed these experiments. 

After sexual reproduction and the formation of 

ephippia, overwintering takes place usually in the mud 

of bodies of water. Pancella and Stross (1963) studied 

the next phase of sexual reproduction which was hatching. 

They found that light could advance hatching after a 

somewhat latent period of time. This could be accelerated ., 
even more by treatment with sodium hypochlorite. 

Stross (1966) has concluded the most logical explan-

ation of the formation and hatching of ephippia. He 

stated that diapause or overwintering required a very low 

temperature to initiate the development of ephippial eggs. 

This would correspond to fall conditions. Hatching depended 
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upon light or more probably, photoperiod, and was not 

influenced by temperature. These conditions are met in 

spring which is proven by the data of many investigators 

including those of this writer. 
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The spring hatching of ephippia produce more partheno

genetic females which usually produce large broods at this 

t~e of year. The same observation was made by the writer 

in McCargo Lake also. The numbers of eggs carried indicate 

their reproductive ability or fecundity. Banta and Brown 

(1939) found that .clutch size was connected with food and 

that food caused its effect before the third quarter of 

any instar. 

More recent investigators have refined and made more 

conc.lusive the findings of former workers in the evaluating 

of food and temperature. Hall (1964) for example found 

that reproduction in Daphnia galeata mendotae was affected 

by food and temperature. He noted a much greater amount 

of food was required to achieve the effect of a few degrees 

of temperature. 

Causes of increased fecundity and those of decreased 

fecundity were investigated by early researchers. Warren 

(1900) experimented with the causes of reduced fecundity 

and found that crowding could cause reduction even when 

food levels were greatly increased. He reasoned that a 
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large population rendered the water unfit resulting in 

death for most of the population. However, a few of the 

strong survivors remained to repopulate after conditions 

became more favorable. This would show great adaptive 

value. 
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Food levels and reduced fecundity were also investi

gated by Ingle, Wood and Banta (1937). While investigating 

the effects of food variability, they found that starved 

daphnids had a reduced reproductive capacity but also had 

greater longevity.· They concluded that the energy used 

for reproduction was transferred to body maintenence and 

exhibited itself in the form of a longer life span. 

The role that extreme effects of light and darkness 

have upon fecundity was ~hown by Parker (1959). He compared 

juvenile and adult cultures of Simocephalus under conditions 

of light and darkness at 20°C. for 10 weeks. It was found 

that after the third week, the lighted cultures containing 

adults increased by 2 to 10 times over that of the dark 

cultures~ The juvenile cultures respopded almost 

immediately and at the seventh week demonstrated values 

that were 60 tfmes the value of cultures kept in darkness. 

The dark cultures ·had difficulty with longevity even for 

the 10 week period. 

Anderson and Jenkins (1942) performed exper~ents with 
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longevi~y-related factors involving fecundity, They found 

that the average longevity of Daphnia magna was 960 hours 

or the equivelent of 17 instars. Duration of instars was 

found to increase with age. Fecundity information demon

strated that each adult instar showed an increasing 

fecundity until the fifth instar after which a decrease 

in fecundity occurred. 

Other experiments on longevity were performed by 

MacArthur and Baillie (1929) who demonstrated that the 

life span of parthenogenetic females was independent of 

of temperature. They also found that males survived better 

than females under the same set of circumstances. 

Oxygenand its effects on increasing and decreasing 

fecundity was determined by Fox, Gilchrist and Phear 

(1951). They demonstrated that low dissolved oxygen 

concentration had a definite effect on egg production. 

Hemoglobin was found to develop in the presence of values 

less than 3.0 parts per million. The hemoglobi~ enabled 

Daphnia to survive and thus reproduce by enabling it to 

find food in areas where it could not normally penetrate. 

Green (1956) also concluded that growth of Daphnia magna 

was affected by low levels of oxygen. 

It was also found that fecundity values could be 

useful as an index of genera.l metabolism (Anderson and 
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Jenkins, 1942). This could be achieved by observing 

the number of young released, number of embryos or 

clutch size relations as used by this investigator. 
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Migration was another area of investigation by early 

workers. Among the early investigators, Birge (1897) 

found that the effect of light on the Crustacea of the 

surface to 2.0 meter level had a "powerful influence". 

He noted that adult Daphnia were repelled by light while 

the young were not. This enabled the young to feed and 

grow without competition from the adult population. 

In his extensive research on the vertical migration 

of Crustacea, Cushing (1951) concluded that the migrations 

are controlled by the varying light penetration. He also 

stated that the theory of ,.optimum light intensity11 for the 

Crustacea appeared to be the most acceptable. 

The effect of light on behavior has been investigated 

with interesting results and creating new possibilities 

for future investigations. Smith and Baylor (1953) found 

that Cladocera react to different wavelengths or colors 

of light. They found that the an~als sw~ upward or 

maintain a vertical vector in the presence of red light 

and moved in a more horizontal vector with blue light. 

It was concluded that this"dancing" movement and its 

variations enabled the concentrating of organisms in 
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areas of phytoplankton or food. This was achieved by 

the fact that light changes its wavelength as it passes 

through phytoplankton. This resulting behavior places 

the an~al in contact with the algae. 

17 
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II. METHODS AND PROCEDURES 

A. Collection of Physical Data 

Physical data consisted primarily of temperature 

and light measurements. Somet~es noteworthy observations 

were recorded such as cloudiness, wind speed and direction, 

lake level and rainfall. All physical data were collected 

~ediately prior to sampling for zooplankton. 

Temperature was taken within the sampling area five 

to ten minutes prior to collection of the specimens. Air 

temperature was read first and then a temperature profile 

was obtained with a Yellow Springs Instruments thermistor 

Model 51. Readings were taken at half meter intervals. 

Incident light was obtained with a G. M. Submarine 

Photometer MOdel 15. A deck cell reading was first taken 

and represented the total light that impinged directly on 

the surface of the water. In determining light penetra~ion 

at the surface the photometer was lowered approx~ately 

four to six centimeters under the surface water. Additional 

readings were made by lowering the photometer at half meter 

intervals until extinction of light occurred. Sampling 

during the 11:00 A.M. to 2:00 P.M. interval was avoided 

as much as possible because of the high intensity of solar 
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radiation. Of the total samples obtained, only 13.2% were 

collected during this interval. 

Light readings were calculated to give percent 

penetration then plotted against time for each of the four 

depths sampled. Two important related factors were the 

angle of light which varied throughout the day and photo

perio~. 

B. Collection of Chemical Data 

Chemical determinations were made for dissolved 

oxygen, free carbon dioxide, alkalinities, dissolved 

solids and hydrogen sulfide. Chemical data were 

collected from five stations (Fig. 1) and at various 

depths. Depths sampled were surface, 2 meters, 3 meters 

and 5 meter~, at each station when depth permitted. 

Dissolved oxygen was determined by the Winkler method 

using phenylarsene oxide in place of sodium thiosulfate. 

Calgon Squeez-o-matic burettes were used for titrations. 

Standard titrametric procedures for performing 

alkalinity determinations were obtained from the manual 

of the American Public Health Association (1960). 

Dissolved solids were obtained through the use of a 

Myron Dissolved Solids Meter. 
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Hydrogen sulfide determinations were periodically 

performed by using a Hach testing kit. 

c. Zooplankton Sampling, Counting and 

measuring techniques 

1. Zooplankton Sampling 

Choice of the zooplankton study area was made 

after careful consideration and preliminary studies 

were performed. The area chosen was between station 

one and station four (Fig. 1). 

Zooplankton tows were made with a Wisconsin net 

asse~bly (number 20 mesh) over a distance of 97.5 

meters (Fig. 1). The net was attached to a three meter 

length of a_luminum pipe which was lowered to the desired 

depth while towing. 

20 

The tows were made at four depths (surface, 0.5 meter, 

1.0 meter and 1.5 meter). One diagonal or composite tow 

representing all levels was taken. 

After a tow was completed, the animals were removed 

from the plankton bucket by gently draining and washing 

with a wash bottle. Caution was exercised to reduce 

temperature change and shock which might cause the animals 
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to prematurely drop their eggs. 

Sampling frequency was held as closely to 48-hour 

intervals as possible until ice formed. After the spring 

thaw samples were collected once every three days until 

summer when sampling was reduced to once a week. 

2. Zooplankton Counts 

Preparation for counting involved the careful mixing 

of the sample to resuspend the animals. The use of eye 

droppers with enlarged openings ensured that a completely 

random subsample was obtained. All of the wells in a 

nine well depression spot plate were filled with the 

sample. Counting was made easier if the animals in the 

subsample were not crowded. A d-issecting microscope was 

used and ra~dom counts were performed with approx~ately 

ten animals per well being carefully counted. This 

procedure was necessary because the animals could not be 

narcotized without the danger of causing eggs to be 

dropped. 

The first one hundred animals observed for each of 

the three cladocerans studied (Daphnia, Bosmina and 

Ceriodaphnia) were examined for the presence of eggs. 

This procedure was followed for each of the tows taken. 
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The counts included animals without eggs as well as 

animals with eggs. Embryos and ephippia were considered 

as eggs and counted as such. 
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The diagonal tow was used to obtain percent composi

tion of the zooplankton populations. A subsample was 

taken and approx~tely 300 to 500 animals were counted. 

These included cladocerans, copepods, rotifers and 

ostracods or any other representative zooplankter. 

3. Egg and Body Measurements of Zooplankton 

The measurements were determined on animals collected 

during late May until the end of August. Daphnia and 

Bosmina were of major interest. Ceriodaphnia was also 

measured but, due to their low density throughout a 

great part of the study, were of lesser importance. 

These measuring procedures again necessitated random 

subsampling of animals. Holvever, in this case, only egg-. 

carrying females of the diagonal tolvS were used. These 

animals were also placed into depression slides and then 

observed for eggs. Egg-carriers were removed by use of 

small forceps and placed in a very small drop of water on 

a slide which held the animals in an immovable position. 

The slide was then put under a compound microscope equipped 



23 

. ' 

with a Spencer ocular micrometer to obtain size units in 

microns. Only eggs that had not undergone any development 

toward the embryo stages were measured. 

Measurements of the longest and widest diameter of 

the ovate eggs were taken. These became the greatest and 

least diameter values which were later used in volume 

calculations. 

Daphnia and Ceriodaphnia body lengths were determined 

by obtaining the distance from the crown of the head along 

a longitudinal line through the eye to the base of the 

terminal spine. Cyclomorphosis did not appear and thus 

was not a confounding factor in this study. Bosmina body 

length was determined from the distance between the center 

of the eye along a longitudinal line to the base of the 

spine. 
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III. RESULTS 

A. Physical Data 

Water temperature was found to be uniform from the 

surface to the 1.5 meter depth for most of the year (Fig. 

2 and Table 1). The mean was used to express water 

temperature for the four levels. 

During the sampling period the highest water 

temperature was 28°C., recorded in July, the lowest 

being 1°C. in November. The greatest temperature change 

0 
between any to sampling days was 6 c. with a more common 

0 0 range of 1 c. to 2 c. 

Air temperature was more variable having a range of 

1°C. to 34°C. for the sampling period. The greatest 

variation between any two sampling days was approximately 
0 0 0 

13 C. with a range of 3 c. to 6 c. being more common. The 

effect of air temperature upon water temperature can be 

seen on Figure 2 where high air temperatures also had high 

corresponding water temperatures. 

Mean water temperature, in fall, fluctuated between 
0 0 0 0 

13 c. to 18 c. then decreased to 3 c. to 4 c. in December 

when sampling was curtailed by ice. Water temperature 

during sampling in spring ranged from approximately 8°C. 
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to 12°C. with a gradual increase to a summer range of 

0 0 18 c. to 28 c. Warming produced an irregular increase 

from spring to summer water temperatures. The decline 

of water temperature in fall was more definite due to 

the rapid drop in air temperature. 

Incident light was determined by calculating the 

percent of light penetration. This was done by using the 

deck cell reading as 100% since it represented the total 

incident light. Then the depth readings were expressed 

as the percent of the deck cell reading. 

Measurements of incident light showed that the 

surface water generally accounted.for 50% transmission 

of light. The extreme·range of surface water light 

penetration was between 9% and 87% for the sampling period. 

The 0.5 meter level received a smaller proportion of 

incident light than the surface water. The greatest 

penetration was 47% and the least being 2% with a mean of 

approximately 10% to 15%. 

Little penetration of light was recorded at the 1.0 

meter level. The ranges for this depth showed a maximum 

penetration of 17% to total extinction. The average 

range was from 1% to 9% for the sampling period. 

The 1.5 meter showed almost complete light extinction. 

The fall through winter maximum values never exceeded 6% 
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penetration while the spring through summer sampl~ng 

periods yielded maximum values of only 1% to 2%. 

The photoperiod (Fig. 4) was calculated by use of 
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a table and indicated that the shortest day during the 

t~e of sampling was on December 4, 1968 and was 9 hours 

and 11 minutes. The longest days were from June 21 to 

June 23, 1969 with 15 hours and 23 minutes. Approximately 

two-thirds of the sampling periods had long-day photo

periods starting from April 8, 1969 with 13 hours and 

26 minutes through August 29, 1969 with exactly 12 hours. 

Among the general observations, weather conditions 

were most frequently determined. The wind came from the 

west and northwest for.the great majority of sampling 

days. Velocity of the wind was usually 5 to 15 miles 

per hour during fall with some days reaching 20 to 30 

miles per hour. Summer days were calmer but some wind 

was always present during most of the sampling period. 

Rainfall was average during the fall and winter 

which affected the lake level by increasing the depth from 

5.5 to 6.0 meters. During summer below average rainfall 

was seen with 5 to 10 days of light rain. 

Ice appeared from December 4, 1968 and disappeared 

on April 18, 1969. The ice during this time reached a 

maximum thickness of one meter in the sampling area. 
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Turnover started on October 21, 1969 and a breakdown 

in stratification also began. On October 30,-1969 turn-

over was complete which was indicated by the homothermous 

0 profile of 10 c. from surface to bottom. 

Spring stratification began on April 11, 1969 when 

f 9°C. h b . 4° sur ace water was and t e ottom temperature was c • 

.. (Fig. 2 and Table 1). The thermocline was present between 

1.5 meters to 2.0 meters. 

B. Chemical Data 

Fluctuation in dissolved oxygen between the surface 

and the 2.0 meter level did not vary greatly. This would 

indicate a thorough mixing of the epilimnetic water. The 

greatest range of variabitity occurred from October with 

a reading of 15 part per million which decreased to 4 

parts per million ~n November (Fig. 5). The rest of the 

sampling period ranged from 4 to 15 parts per million. 

Carbon dioxide determinations (Fig. 5) show con-

siderable fluctuation throughout the sampling period 

from 20 to 50 parts per million during fall of 1968. 

Winter values produced a range of 10 to 30 parts per 

million. A lower range of 8 to 20 parts per million 

were seen for spring and summer. . The range for the 
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sampling period was 4 to 50 parts per million. 

Methyl orange alkalinity varied with a high of 260 

parts per million in June and a low of 120 parts per 

million in December. Results were uniform through fall 

and winter with a range of 200 to 240 parts per million 

with a sudden decrease in November (Fig. 5) to 120 pa~ts 

per million. A gradual increase was seen in spring from 

130 parts per million to a max~um of 260 parts per 

million in June. 

Dissolved solids (Fig. 5) remained in a range of 

250 to 400 parts per million in fall and winter. Spring 

and summer showed a range of 250 to 350 parts per million. 

Hydrogen sulfide samples were not analyzed regularly. 

During stratification, hydrogen sulfide was approximately 

5.0 parts per million on the bottom and 0.5 parts per 

million at the 2.0 to 2.5 meter level. 

c. Fecundity of Daphnia 

The fecundity of Daphnia was determined by counting 

the mean eggs carried per egg-carrying female or mean clutch 

size. In Daphnia, from September through November, clutch 

sizes of 1.0 and 2.0 eggs predominated (Fig. 6 and 7). 

Throughout April and May, during the usual spring pulse, 
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fecundity was reflected in an increase from 1.0 to 2.0 

eggs per female to a level of 2.0 to 8.0 eggs. One and 

two egg clutch sizes were rarely seen during this period 

of time. From June through August, egg clutches were 

again mainly of the 1.0 to 2.0 egg category. 

Maximum fecundity was seen approximately from late 

April to late May. The mean clutch size for this period 

reached 4.4 eggs while at other times of the year 1.0 to 

2.0 eggs were more comm~n. This change in increasing 

clutch size reflected a 50% increase. 
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During the fall and winter period, the 2.0 egg 

clutch size seemed to be slightly more prominent. The 

number of eggs carried· in summer rarely exceeded 1 •. 0 

(Table 2). Following the spring max~um of Daphnia, the 

number of eggs carried changed from high values of 5.0 to 

8.0 down to low values of 1.0 to 4.0(Table 2). The 

maximum number of eggs seen was 14.0 on May 2, 1969. 

There was a series of two smaller maxima during 

October and November. These smaller peaks may have really 

been a single maximum with an unexplained factor that 

caused a depression during the course of the pulse. 

Percent egg-carriers (Fig. 8) was a useful parameter, 

but number of eggs per egg-carrying females and number of 

eggs per total females were more indicative of fecundity 
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(Fig. 7, 8, and 9). Percent egg-carriers was calculated 

by dividing the number of egg-carriers by the total number 

of females including non-egg-carriers. Then a mean using 

all four levels was determined. 

Mean egg per egg-carrying female (Fig. 9) was 

calculated by dividing the total number of eggs by the 

total number of egg-carriers seen in a sample of 100 animals. 

The mean of all four levels was then used to give the 

final result, the mean clutch size. 

The mean number of eggs per total females was derived 

by dividing the number of eggs counted by the total number 

of females including non-egg-carriers. The mean of all 

levels was then calculated. 

Of these calculated parameters all had sharp peaks 

in spring fecundity except percent egg-carriers (Fig.8). 

Percent egg-carriers did peak somewhat but not to the 

degree that the other values did. Values generally ranged 

from 0% to 75% throughout the year for all Cladocera 

studied. It was observed that there was a regular pattern 

of peaks while the other fecundity relationships demonstrated 

dramatic peaks in spring (Fig. 7 and 9). 

Ephippia were seen for the first time on October 13, 

1968 and were present thereafter. The photoperiod 

on this date was 12 hours and 10 minutes. Temperature 



31 
. ' 

was 13°C. for approximately 6 prior days. 

D. Fecundity of Bosmina 

Bosmina fecundity was evaluated by using mean clutch 

size (Fig. 7 and 10), percentage of egg-carriers (Fig. 8) 

and mean eggs per total females (Fig. 9). These values 

were calculated in the same manner as the Daphnia 

calculations in the preceding section. Maximum reproduc

tive effort occurred from April 16 to May 20. The mean 

clutch size for this period was 3.50 eggs which represented 

a 50% increase above the usual clutch size of 1.25 to 1.50. 

During this period a shift occurred from females of the 

one to multi-egg type. A max~um of 9.0 eggs per clutch 

was observed on May 4. · During other times of the year, 

clutch size was mainly in the 1.0 to 2.0 egg category with 

a greater number of eggs in the 1.0 egg category. It can 

be seen for example (Table 3) that from September through 

December 25.6% of the egg-carrying females carried 1.0 egg 

and 4.3% carried 2.0 eggs. The mean eggs per total ~emales 

and mean eggs per egg-carriers indicate an even oscillation 

pattern until the period from April through mid-May. 

During this period clutch sizes reached 4.6 eggs per clutch. 

Mean eggs carried per total females reflected much the 
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same pattern as the mean clutch size. 

Percent egg-carriers (Fig. 8) demonstrated no 

dramatic maxima with the April-May pulse. This was also 

the case for Daphnia. The seasonal range was from 0.0% 

to 65% egg-carriers. 

Ephippia were first seen on October 16, 1968 when. 

0 the mean temperature for all levels was 16.5 c. A period 

prior to this t~e had temperatures of 13°C. for approxi

mately 7 days. The photoperiod was 10 hours and 54 minutes. 

E. Fecundity of Ceriodaphnia 

The Ceriodaphnia populations did not follow the 

pattern of Daphnia or Bosmina. Its population density 

was very low throughout most of the sampling period. 

Only in mid-~4ay to August did numbers appear large 

enough to be counted. At other times of the year, 

Ceriodaphnia produced values too low to be of much 

significance in fecundity determinations. 

However, mean clutch size variations demonstrated 

that peak ;reproductive activity probably took place 

from mid-May until late June (Fig. 7 and 11). It was 

also observed that (Table 4) during the April to August 

period the one to two-egg clutch categories had a mean 



total of 17.5%. This constituted 62.5% of the clutch 

categories. The maximum number of eggs per clutch was 

8.0 and occurred in May (Table 4). The mean numbers of 

eggs carried during the spring-summer period and fall

winter periods are summarized on Table 4. 
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The total number of females carrying eggs at any one 

time reached a maximum peak of 70% on June 5, 1969 (Fig. 9). 

During this increase of egg-carrying females it was 

noted that mean clutch size had decreased (Fig. 7). Mean 

clutch size during this period had declined from a high of 

3.8 to 2.5 eggs. 

The ephippia were first produced on October 19, 1968. 

During this tUne a 10 hour and 54 minute photoperiod 

was present. Mean water temperature for all four depths 

was 17°C. 

F. Egg and Body Measurements 

1. Daphnia Studies 

Measurements of the body length of Daphnia showed 

a range in size from 1,000 microns to 1,840 microns with 

a mean body size of 1,310 microns (Table 5). Daphnia 

body length was correlated against time producing a 

significant correlation coefficient of 0.6084 for time 
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(Table 6). It was not necessary to perform a correlation 

for both time and temperature since they were both shown 

to be homogeneous statistically. This meant that either 

time or temperature when correlated with the same value 

will yield a result that will be relatively the same as 

both values. The relationship between Daphnia body 

length agai.nst time and temperature can be seen on 

Figure 12. 

Daphni~ body length against temperature was,approached 

on a scatter diagram from a different viewpoint (Fig. 13). 

The median of the total number of plotted points for 

Da2hnia was ·47. Each half of the diagram was then treated 

separately. This was done because the median value was 

near a break in the data and could serve as an unbiased 

number. The temperature ranges of the two separate 

0 0 0 0 diagrams we:re from 11 c. to 19 c. and from 22 c. to 30 c. 

Significant correlations were found to indicate that from 
0 ~0 

11 c. to 19 c. mean body length increased and from 
0 0 

approximately 22 c. to 30 c. mean body length decreased 

(Fig. 13). 

The effects of temperature not only can be seen in 

body length relationships, but also play an influencing· 

role on egg number and egg size. Mean number of eggs for 

QaEhnia (Fig. 14) indicate an inverse relationship exists 
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with time a.nd temperature. This may be seen for May 8 

when mean e,gg number was 4.0 and temperature was 12°C. 
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The inverse can be seen on August 20, when mean egg number 

was 1.25 an.d temperature was 25°C. Mean number of eggs 

per clutch ·was 2.0 and the maximum number carried at a 

particular observation was 8.0 eggs (Table 5). The 

correlation coefficient of -0.2466 was significant at the 

99 percent level (Table 6). Thus, as temperature increased 

and time elapsed, Daphnia egg production decreased. During 

the sampling period, egg production occurred at approxi

mately 14°C. to 25°C. (Fig 14). Egg production was high 

in the spring but began to decline at the beginning of July. 

From the beginning of July through August when temperature 
() 

exceeded 22 c., egg production leveled off at 1.0 to 2.0 

mean eggs pE~r clutch. 

body length against egg number per 

individual (Table 6) indicated a significant positive 

correlation {0.5000). Supporting data for this correlation 

can be seen in small females with body lengths of 1,100 

microns havlng 1.0 egg, while larger females 1,600 microns 

long carried 4.0 or more eggs (Fig. 15). 

Volume of Daphnia eggs (Fig. 16), when compared against 

time and temperature illustrated a significant correlation 

coefficient (0.7400) with temperature (Table 6). tempera-
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d · h. i d d f 1 f 11°C. i Ma ture urJ.ng t J.s per o range rom a ow o n y 

0 6 
to 27 C. in July. Mean egg volume was 4.21 x 10 cubic 

microns. 1rhese data are presented in summary in 

Table 5. 

A scat:ter diagram of egg volume against body length 

of Daphnia (Fig. 17 and Table 6) also indicated a signif

icant corre~lation (0.4046). These data indicated that 

small females in the 1,100 micron range carried eggs of 

approximate~ly 2.50 x 10
6 

cubic microns in volume while 

larger fema.les in the 1,800 micron range carried eggs 

6 with volume:s of 5.50 x 10 cubic microns. This indicated 

that egg volume doubled or increased 50% while body length 

increased 64%. Table 6 shows a non-s.ignificant correlation 

(0.0008) for mean egg volume per clutch against number of 

eggs per clutch. 

2. Bosmina Studies 

Bosmin~ body length was correlated against temperatu?=e 

and time. A highly significant value of -0.7042 (Table 6), 

was obtained for time and can be seen graphically in Figure 

18. Body ltength against temperature was also treated on 

a scatter diagram (Fig. 19) with a median value of the 

total number of points plotted on a scatter diagram of 

55 points. Each half of the diagram divided at the median 
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was treated as a separate diagram. The two diagrams 

gave evidence that the mean body length decreased more 

rapidly from approximately 10°C. to 18°C. than from 
0 0 

21 c. to 27 C. (See Table 6 for correlations of each 

temperature range). 

When ~osmina body length was plotted against number 

of eggs per individual (Fig. 20), the result indicated a 

significant correlation of 0.6509 (Table 6). Mean body 

length for .Bosmina was 327 microns with a minimum of 

100 and maximum of 221 microns. Number of eggs per 

individual 10r clutch size showed a minimum of one and a 
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maximum of :five. The mean number of eggs from May through 

August was :t.83. 

Mean D1lmber of eggs when compared with time and 

temperature (Fig. 21) indicated an inverse relationship. 

This was proven when the coefficient of correlation of 

-0.4800 was calculated (Table 6). Thus, as temperature 

and time increased, egg production decreased. 

Bosmin~~ egg production was high in spring with a 

mean of 3.0 eggs (Fig. 21). It then leveled off from May 

through August to 1.0 to 2.0 eggs. The range for Bosmina 

egg producti.on was 10°C. to 27°C. during this periodo The 

mean number of eggs carried was 1.47 with 8.0 eggs per 

clutch being the maximum numbers observed. 



When ~osmina mean egg volume was correlated against 

time and te!nperature the result was a low correlation 

coefficient: of -0.3980 with temperature (Fig. 22 and 

Table 6). Mean egg volume for the May-August 

measurement period was 1.09 x 106 cubic microns (Table 

7). The te~mperature during this period ranged from a 
0 0 

low of 10 c:. to a high of 27 c. 

The scatter diagram of Bosmina egg volume against 

body length (Fig. 23) indicated a non-significant corre

lation of 0.1860 (Table 6). Values of egg volume for 

small individuals of 300 microns ranged from 0.7 to 1.90 

x 10
6 

cubic microns. This relationship also appeared to 
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be true for large individuals of the 700 micron size range. 

When m~ean egg volume per clutch was correlated 

with the number of eggs per clutch a significant corre-

lation of 0.4855 was obtained demonstrating that as egg 

number incr~eased, volume also increased (Table 6). It 

was seen that the smallest egg volume for a 1.0 egg clutch 

was 0.45 x 106 cubic microns and that the largest egg 
. 6 

volume for a 5.0 egg clutch category was 1.63 x 10 cubic 

microns (Table 7). 

3. Ceriodaphni!_ Studies 

Due to the low density of Ceriodaphni~ throughout 
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most of the year little quantitative data was available. 

However from these limited data certain values were able 

to be derived. Body length ranged from approximately 

580 to 640 microns with a mean of 608 microns. Numbers 

of eggs ranged from 1.0 to 2.0 with a mean of 1.16 eggs 
. 6 

per clutch. Egg volume ranged from 1.11 to 2.26 x 10 

cubic microns and the mean was 1.69 x 10
6 

cubic microns. 

A summary of egg-carrying Ceriodaphnia can be seen in 

Table 4. 

G. Total Zooplankton Composition 

The total zooplankton composition was determined 

on a percentage basis. The cladocerans seemed to display 

a pattern in which one particular animal was abundant 

at different times of the year. Daphnia (Fig. 24 and 

Table 8) was the most numerous cladoceran from mid-May 

until the beginning of July when they made up 73% of the 

zooplankton community. At that time Bosmina and CeriodaEhnia 

represented only 2% to 4% of the total zooplankton. However, 

from July through Auguf6t Ceriodaphnia increased to a maximum 

of 68% of the total zooplankton population. The Bosmina 

population had its highest peak from the beginning of 

November unt:il December when they represented 58% of the 
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total. 

Maxima among the other zooplankton counted were also 

noted. Rot:ifers mainly Keratella demonstrated peaks in 

May and JunE~ reaching 76% and 71% of the zooplankton 

respectively (Fig. 25 and Table 8). They were the most 

abundant anj~als during this period. Other rotifers 

besides Keratella such as 1\,splanchna and some unidentified 

species constituted no more than 6% of the total. 

The copepod maximum was seen in February when 

Diaptomus was most abundant with a value of 75% of the 

total (Fig. 26 and Table 8). Cyclops had a maximum of 

40% in late May and 40% in March but was not the most 

numerous zooplankter at either of these times. Nauplii. 

were seen frequently and in varying numbers. Their 

maximum numbers appeared in April with their highest 

recorded number of 76% of the total zooplankton. 
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IV. DISCUSSION 

One of the most important ecological parameters 

in an aquati.c ecosystem is temperature due to its all 

encompassing effect on the physical, chemical and 

biological phenomena. Temperature within aquatic ecosys

tems depends upon solar energy which in turn varies 

with the angle of the sun. If temperature (Fig. 2 and 

Table 1) and photoperiod (Fig. 4) are compared it can 

be seen that temperature is related to the season or 

amount of time that the sun is able to warm the water. 

Longer photoperiods are present throughout spring and 

summer. 

Light and temperature do not cause their effects 

independently but react in a complex manner (Costa, 1967). 

An understanding of temperature and light effects are 

made even more difficult by the interaction of light 

intensity and duration (Costa, 1967). 

One of the early endeavors of this investigation 

was to find the effects of temperature and time on 

specific biological parameters. It was demonstrated, 

but not showr1 herein, that their coefficients of correla

tion were so similar that a Z-test for homogeneity 

indicated that these effects would be difficult if at 



all possible to separate. Saunders (1963) noting this 

difficulty also, stated that the effect of temperature, 

as an isolated factor, is very difficult to distinquish 

from other variables. 
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Physical effects of temperature were clearly related 

to stratification (Table 1). Another relationship was 

the effect <)f temperature on the density of water. The 

stratificat:lon pattern was characterized by an epilimnion 

of fairly ur1iform temperature to a depth of approx~ately 

two meters. The metalimnion was usually present at a level 

of two to three meters while the hypolimnion was three to 

six meters ln depth. A homothermous condition existed 

in fall when temperatures decreased and water density 

changes produced the fall turnover. 

The effect of temperature on chemical data was best 

seen as it i.nfluenced dissolved oxygen content. McCargo 

Lake has a clinograde type of oxygen curve. Free .carbon 

dioxide, total alkalinity, dissolved solids and hydrogen 

sulfide increased as depth increased. 

In this research chemical parameters below the 

epilimnion w~ere not of chief concern. Prime interest 

was given to the epilimnion. 

The chemical, physical and biological effects as a 

result of stratification caused the concentration of 
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Cladocera i.n the epilimnetic waters. Because of this, 

sampling was restricted to the epilimnion. 

Barlow and Bishop (1965) while performing their 

research on. phosphate regeneration noted that Cladocera 

undergo very little diurnal vertical migration. They 

also related that the Cladocera remained in the epilimnion 

80% of the time. The remainder found below the metalimnion, 

represented "random excursions" (Barlow and Bishop, 1965). 

These populations below the metalimnion were not different 

from epilimnetic populations. 

The effect of temperature on seasonal activity of 

the Cladoce:ra has been recognized by numerous authors. 

Brown (1929) acknowledged that food, light and other 

factors wer~e also important in the annual rhythm of a 

species but that the effect of temperature was of prime 

importance. Banta (1939) noted that temperature exerted 

its effects on the "vital phenomena" of Cladocera in a 

very profound way. Berg (1934), in his work of cyclic 

reproduction of Daphnia pulex, stated that temperature 

plays an important role in the determining of sex and 

development., 

An analysis of variance illustrated the importance 

of temperature (Table 9). The F-values indicated that 

there were t1ighly significant effects of temperature upon 
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egg numbers. 

An inverse association was found between fecundity 

and temperature during this investigation (Fig. 14 and 21). 

McLaren (1963) pointed out that fecundity when correlated 

with temperature yields a negative correlation. 

Temperature along with light plays an important 

role in the~ fonnation and hatching of ephippia or resting 

eggs. This: is probably an important mechanism for 

continuatio~n of the species especially during physiologi

cally detrimental periods of temperature. Stross (1966) 

found that low temperature was the ~portant factor in 

the development of ephippia or diapause. Hatching, however, 

was not dependent upon a temperature stimulus, instead the 

main hatching stimulus was photoperiod. 

In late September, temperature was decreasing and 

ephippia began to appear. The first possibility for 

ephippial production was when temperature decreased and 

remained at a level of 13°C. for a period of approximately 

six days from October 7 through October 13. During this 

period ephippia were produced by Daphnia. Shortly there

after Bosmi1~ and C,eriodaphnia were seen to have ephippia, 

but in conjunction with higher temperatures. The late 

appearance of ephippia for Bosmina and Ceriodaphnia may 

have been due to the ephippia being overlooked by this 
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investigator during the 13 c. period. Another possible 

explanation is that the late appearance of ephippia was 

affected by a temperature lag-effect producing a delayed 

reaction. If numbers of animals were low, ephippia could 

easily have been overlooked. 

The relationship of various categories of eggs carried 

and clutch sizes were used instead of density values to 

express the~~e relationships. It was felt that if a rep-

resentative sample of the population was obtained that it 

would be sufficient to use percentages. The complexity of 

dealing with density of populations would require much 

more time and not be as efficient .as the use of percentages. 

Means of egg numbers were used frequently throughout this 

research in relationships pertaining to fecundity and 

general metabolism. Green (1963) concluded that mean egg 

numbers could be used as an index to the state of nutrition 

of the Cladocera. 

It was noted in late September and early October 

that there was a decrease in egg-carrying Daphnia females 

(Fig. 8). These conditions were strikingly similar to 

those documented by Green (1963) in England. He noted a 

dramatic decrease in percentages of egg-carrying Daphnia 

near the end of September and attributed this to the change 

from parthenogenetic to sexual reproduction. The same 
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situation was noted in McCargo Lake. However, when an 

increase in temperatures occurred late in October it was 

noted that an increase in egg-carrying females also 

occurred. 

Ice appeared on McCargo Lake sometime near December 6 

and regular sampling ceased. Kemmerer samples were taken 

through the ice once a week to check population numbers. 

Density decreased to such a low level that only one or 

two animals per liter were seen. This was also accompanied 

by a low fecundity. Physical and chemical studies were 

also performed during this time. 

Temperatures began to rise after the ice melted in the 

spring and sampling began again in late April. With 

increasing t~emperatures, lengthening photoperiod and hatching 

of ephippia, ·the reproductive period for Daphnia and Bosmina 

was quite apparent. Ceriodaphnia density and fecundity were 

very low at this time. It was found that during this time 

h f bl f d . 8°C. t e avora ~~ temperature range or egg pro uct~on was 
0 

to 16 c. for Daphnia and Bosmina. 

Egg production increased in early April following 

the few days of spring sampling when high fecundity values 

were obtained. It was of interest to note that Green (1963) 

found a rise in egg production within a few days to a week 

of the same t:ime. He found the first immature female on 
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April 7 and the first egg on April 14. This was followed 

by the spring high which was attributed to the increased 

food. 

In McCargo Lake almost 66% of the egg-carrying females 

carried 1.0 to 4.0 eggs per clutch during this time period. 

An almost total absence of eggs in the 1.0 and 2.0 egg, 

clutch categories were seen for Daphn,ia from May 2 through 

May 12. An almost identical picture was found for Bosmina 

with 67% of the egg-carrying females in the same categories. 

Ceriodaphnia displayed its maximum during summer with 

84.2% of the~ egg-carrying females having one to three-egg 

clutches. It was also observed that over 50/o of the egg

carriers of this category were of the two-egg clutch type. 

Temperatures ranged from 7°C. to 18°C. in spring and 

from 17°C. to 29°C. in summer (Table 1). It appeared that 

after the te~mperatures exceeded the optimum range for egg 

production for Daphnia and Bosmina, fecundity appeared to 

decline. Ho·wever, Ceriodap_h .. ~ia started to become more 

actively reproductive from Ma.y 24 to the end of August 

when sampling ceased. Wesenberg-Lund likewise found an 

"inmense maximum" for the Ceriodaphnia summer pattern 

during July and August in Denmark (Hutchinson, 1967). 

A correspondingly high peak in its population was also 

found by Costa (1967) in Pennsylvania (Sanctuary Lake). 
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The fall and spring reproductive peaks for Daphnia 

and Bosmina showed a bimodal curve during the period of 

highest fecundity. These peaks relate to temperature 

changes. There was a greater lag-effect between temperature 

and egg counts in the fall pulse than spring. The spring 

pulse represented a more rapid response to the suddenly 

increasing 1temperature after a prolonged winter. Elgmork 

(1964) found that severity of the previous winter was 

associated lN'ith the abundance of zooplankton in spring. He 

also stated that there could have been an association of 

low temperature acting on ephippia. 

An intE~nsive effort was made from April through 

August to obtain more fecundity-related data in the 

form of egg and body measurements. These data, 

collected f1:-om April 2 to August 29, demonstrated clearly 

the effect of seasonal temperature changes. 

It would seem that as temprature increased and time 

elapsed, egg production decreased. When mean numbers of 

eggs carred by Daphnia and Bosmina were correlated with 

temperature and time (Fig. 14 and 21), an inverse relation

ship was found. The correlation coefficients were signifi

cant at the 99% level for Daphnia and Bosmina(Table 6). 

During the measurement period, the range of egg 

production for Daphnia occurred at a broad range of 16°C. 
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0 to 22 c. Green (1955) had indicated that Daphnia pulex 
0 0 

had a favorable egg production range of 15 c. to 25 c. A 

0 0 
range of roughly 18 C. to 22 C. appeared to be the favor-

able egg production range for Bosmina in McCargo Lake. 

Berg (1934) noted the ~portance of certain temperature 

ranges for the Cladocera. He stated that the range most 
0 

favorable for parthenogenetic reproduction was 15 C. to 

0 25 c. which ,agreed with the findings of Green (1955) and 

this writer .also. He mentioned further that temperatures 

over 25°C. had deleterious effects upon clutch size. This 

was also obs~erved in this research. 

Berg (1934) also showed that the low ranges of 12°C. 

to 14°C. triggered the'production of ephippia. The present 

0 
study showed that Daphnia ephippia appeared at 13 c. Egg 

production was high in spring for Daphnia and Bosmina 

which was followed by a decrease in summer. Egg production 

dropped and maintained a one to two-egg clutch size from 

July through August for Daphnia and from May through August 

for Bosmina. This same pattern was observed by Green(l963). 

The graphs of egg volume against temperature for 

Daphni~ (Fig. 16) showed a significant correlation of 

0. 7400 (Table~. 6) while Bosmina (Fig. 22) showed a 

non-significant correlation of -0.3980 (Table 6). 

Observation of the graphs indicates that mean egg 
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volume rema :lned mostly within the range of 3. 60 to 5. 3 5 

x 10
6 

cubic microns for Daphnia and 0.88 to 1.25 x 10
6
cubic 

microns for Bosmina. 

When Daghnia and Bosmina mean body lengths were 

originally correlated with temperature, results showed that 

there was ljLttle association for Daphnia and and inverse 

association for Bosmina. This can be seen on Figure 12 

and 18 where~ temperature and time are plotted against mean 

body length. 

A possible explanantion of this association for Daphnia 

was that mean body length increased with temperature and was 

positively correlated only during this 10°C. to 19°C. range 

(Fig. 13). As temperature kept rising toward the maximum 

tolerance, however, the mean body length then decreased. 

This effect negated further positive relationships and 

yielded a negative correlation coefficient (-0.6825) for the 

22°c. to 30°C. range (Table 6). The two parts of the inverse 

association can be seen in Figure 19. 

Green (1955) pointed out that in Daphnia magna, 

individuals kept at low temperatures increased in size 

more slowly and reached a larger final size that indi-

viduals kept at higher temperatures. This condition was 

found to be true for Daphnia in the present study also. 

Figure 12 shows that from May to June the temperature 
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0 0 
range was from 11 c. to 22 c. The range of Daphnia 

body length during this time was from 1,200 to 1,500 

microns with a mean of 1,351 microns. July and August 

0 0 
had temperature ranges of 21 c. to 27 c. During this 

same period Daphnia had a body length range of 1,100 to 

1,300 microns with a mean of 1,274 microns. Thus the 

colder tempe~ratures seem to be related to larger body 

lengths. Mo~re observations over longer periods of time and 

temperature ranges will further elaborate these observations. 

When body length against temperature is evaluated 

on Figures 12 and 18, Daphnia appears to have an optimum 

t t h f · 1 20°C. to 24°c. empera ure growt range o approx.unate y 
0 0 

Bosmina's range is approximately 19 c. to 22 c. 

Thus temperature exerts its influence in many ways 

and represents the first major step in understanding the 

position of the Cladocera in the aquatic ecosystem. 

The second factor of major importance to be investi-

gated in the McCargo Lake ecosystem was light and its 

influences on these organisms. The effects of light and 

photoperiod were suspected and their effects hypothesized 

by early researchers. The first suspicion of light 

involvement ~v-as probably with the effects of light on 

vertical migration. This too was of concern to this 

writer. 
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Out of the 76 sampling days it was estimated that 10 

days were sampled in the time span of 10:00 A.M. to 2:00 P.M. 

At this time~ sampling is normally not the best due to the 

position of the sun and its intensity. This set of condi

tions tends to make the zooplankton migrate to deeper 

levels. Ho"rever, at least 6 of the 10 sampling days were 

performed under very cloudy conditions which make such 

samples less subject to error. 

A series of replicate samples of early morning and 

evening populations was performed (Table 10 and 11). This 

was done to learn if changes in zooplankton population 

composition or cladoceran egg numbers may have been 

affected by varying intensities of light. It was shown 

that there was no significant difference between these 

two sampling periods and that therefore all collections 

represented the true population (Table 12). 

Analysis of variance indicated that there was no 

significant difference between the four levels investigated 

(Table 9). Evidence is toward the direction that heavily egg 

laden females were not weighed down by their eggs regardless 

of how many they carried (Table 9). 

Not only was intensity of light an important con

sideration, but duration was also shown to be an influence 

by recent researchers. Stross and Hill (1965) found that 
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possibly photoperiod and another unknown stimulus were 

responsible for diapause development in Daphnia. They 

found that reproduction changed from pathenogenetic to 

sexual reproduction at 13.5 hours of light to 10.5 hours 

0 
of darkness at 19 C. For 12 hours of light, they found 
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that parthenogenetic eggs produced 48% males. At 13 hours 

of light 58.8% males were produced while only 5.9% males 

were hatched when a 14 hour potoperiod was maintained. 

No males wer•e produced at 16 hours of light. 

In this study of McCargo Lake the appearance of 

DaEhnia on October 13 coincided with a photoperiod of 

12 hours and 10 minutes. Bosmina and Ceriod~hnia 

ephippia appE~ared during a photoperiod of 10 hours and 

54 minutes duration on October 16 and 19 respectively. 

However, Stross (1966) concluded that in fall low tempera-

tures initiated diapause, while photoperiod triggered 

ephippial hatching. 

Many other researchers have found that in addition 

to temperature and light, the only other factor of real 

importance affecting fecundity was dissolved oxygen. 

Green (1955) found that only when oxygen values were 

below two to three parts per million did a decrease in 

egg prodcution of Daphnia occur. This decrease in egg 

production was proportionate to any further decrease in 
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dissolved ox:ygen. The dissolved oxygen determinations 

in this research produced values ranging from a high of 

16.5 parts per million to a minimum value of 4.1 parts 

per million for the epilimnion. 

No apparent relationship between fecundity and 

dissolved oxygen was observed in this study. This may 

be possibly be explained in that the dissolved oxygen of 

McCargo Lake does not reach the critical level of 2 to 3 

parts per million in the epilimnion. Since the·lake is 

dystrophic, the epilimnetic waters are well aerated and 

thus the values never are as low as two to three parts 

per million. 

However!. Daphnia and possible other Cladocera seem 
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to have an ability to survive and maintain themselves even 

under low concentrations of dissolved oxygen. The 

importance of hemoglobin in this respect for Daphnia 

was studied by Fox, Gilchrist and Phear (1951). They 

found that the hemoglobin could aid in survival and in 

nutrition eve!n when oxygen began to approach inadequate 

levels. It ~ras felt that egg production increased in 

individuals containing hemoglobin, whereas individuals 

without hemoglobin showed no such increase. It was also 

found that the hemoglobin formed in adults was passed 

on to the eggs giving them a red. or orange color. From 



time to time this was a recurring phenomenon noted in 

the Daphnia of McCargo Lake. 
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In addition to the above parameters, morphometric 

determinations and egg volume were evaluated for con

sideration in fecundity studies. Clutch size or number 

of eggs per individual was determined and correlated with 

body size. It was found that both Daphnia and Bosmina 

had high pos:itive correlations (Table 6). This would 

seem to indicate that when body length increases larger 

clutch sizes tend to be produced. Green (1955) demon

strated that egg production is directly related to body 

size. This l:'elationship may be seen in Figure 15 and 20 

in which body length was plotted against numbers of eggs 

for Daphnia and Bosmina. 

During the morphometric studies it was possible to 

see that the majority of Daphni~ carried clutches of one 

to three eggs: (Fig. 15 and 20). Bosmina likewise had its 

greatest number of clutches in the one to three egg category 

(99.5%). In general the larger animals carried larger 

clutches although the frequency of these larger clutches 

was small (Fig. 15 and 20). This was observed in 11.4% 

of the Daphni~ and 1.5% of the Bosmina. Since animals 

without eggs ·were not measured opposite relationships 

could not be related, however the smallest egg-carrying 
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females were 1,000 microns for Daphnia and 221 for Bosmina. 

It is probable that organisms less than 800 microns for 

Daphnia and .300 microns for Bosmina would be younger and 

sexually immature individuals. 

Green (1953) illustrated that, Daphnia raised in the 

laboratory showed a decline in the larger and more senescent 

females. Under natural conditions, females would probably 

be eliminated from the zooplankton community before they 

could attain such large sizes. This evidence is substan-

tiated by examining the size range of Cladocera of McCargo 

Lake. For D~~hnia, the body lengths measured ranged from 

1,100 to 1,800 microns but only 10% were of the 1,600 to 

1,800 micron size. Bosmina ranged in size from 250 to 700 

microns but as few as 2% were larger than 600 microns. 

There appeared to be an association between increased 

body length and increased egg volume for Daphnia while in 

Bosmina this was absent (Table 6). Scatter diagrams of 

body length against egg volume indicated a high correlation 

for Daphnia (Figo 17). For Bosmina however, the correlation 

was non-signi.ficant (Fig. 23) and is reflected in the low 

coefficient of 0.1860 {Table 6). 

For small Daphnia of approximately 1,100 microns 
6 

the egg volume was 2.70 x 10 cubic microns while larger 

paphnia of approximately 1,800 microns carried eggs as 
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6 
large as 6.40 x 10 cubic microns. This represented a 

40% increase in body length while there was a 60% increase 

in egg volumE~. 

Other egg volume relationships were also found. It 

seemed that for Bosmina larger eggs were produced when 

smaller numbE~rs of eggs were present. It was demonstrated 

that Bosmina had a highly significant correlation (0.4855) 

for egg vo lUine against egg number (Table 6). Daphnia, 

however, displayed no such correlation. 

It was also noted throughout this study that production 

of eggs by all three cladocerans followed a somewhat 

regular oscillating pattern. The study of percent egg

carrying females illustrated that populations tend toward 

a stabilizati.on of their fecundity patterns. 

This may very well be the mechanism which regulates 

their numbers. Extremes of production to either side of 

the range could conceivably spell disaster for the entire 

population if such mechanisms were not in operation. 

It has been shown that many diverse and interesting 

ecological relationships exist in an aquatic environment 

that have strong influences on fecundity of the zooplankton. 

In this respe~ct the very important effects of light and in 

particular temperature have been demonstrated by this 

research. 
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SUMMARY 

The fecundity of selected Cladocera was investigated 

from SeptembE~r, 1968 to August, 1969. Due to the differences 

in seasonal reproductivity, a sampling program of one year 

was followed.. Data were collected from McCargo Lake, located 

in Orleans Cc•unty in north central New York. 

Chemical-physical factors were followed to learn how 

they influenced cladoceran fecundity relati.onships. dis

solved oxygen values were homogeneous throughout the epilim

nion and ranged from 3.8 to 11.3 parts per million during 

spring and summer with a range of 3.9 to 8.9 parts per mil

lion in fall and winter. Hydrogen sulfide was detectable 

below the 2.0 meter level during periods of stratification 

with ·values of 0.1 to 0.5 parts per million. It was not 

usually present in the epilimnion. Total alkalinity values 

ranged from ajpproximately 120 to 250 parts per million with 

low values of 120 parts per million found in fall and spring. 

Values for free carbon dioxide ranged from 10 to 50 parts 

per million throughout the sampling period with spring and 

summer values being the lowesto Dissolved solids ranged 

from 250 to 400 parts per million and were generally 

unifonn and cc>nsistent. 

Light penetration was generally limited to the loS 
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meter level and was virtually extinct at 2.0 meters. Sur-

face waters were responsible for 50% of the incident light 

extinction. Homothermous conditions existed down to the 

1.5 to 2.0 meter level during most of the sampling period. 

The mean temperature for fall was 15°C., while it was 3.5°C. 

during winter. In spring a mean temperature of 10°C. exist

ed and during summer it was 23°C. 

Temperature played a very ~portant role in the repro-

ductive activity of the Cladocera. This was seen in fecun-

dity-related factors and morphometric relationships. In 

spring fecundity was found to be inversely related to 

temperature. When temperatures were relatively low, fecun-
o 0 

dity.was at its peak. Temperatures from 8 c. to 12 c. in 

Apri~ were a4~companied by clutch sizes of as many as 8.0 

eggs. The inverse of the spring conditions was seen in 

summer with high tempera.tures resulting in low fecundity. 

Maximum sumrnE~r temperatures ranged from 26°C. to 30°C. in 

August. Durjlng this period clutch sizes of 1.0 to 2.0 eggs 

were recorded. 

During spring, optimum temperatures for egg production 
0 0 

for Daphnia and Bosmina appeared to be 8 c. to 16 c. 

Ceriodappnia was low in population density during spring 

and appeared infrequently. Even when egg carrying females 

were observed, few eggs were present. 
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DefinitE~ changes in fecundity patterns of Daphnia and 

Bosmina occurred in spring. Daphnia showed a shift from 

no eggs in w:i.nter to clutch sizes of 3.0 to 8.0 eggs 

throughout April and May. For this same period, Bosmina 

had a shift from no eggs to a range of 2.0 to 9.0 eggso 

A bimodal curve for mean clutch size of Daphnia was 

seen with peaks in the fall and spring. Two fall peaks 

of 3.0 eggs per clutch in October and 2.5 eggs per clutch 

in November w,ere observedo Mean clutch sizes during 

spring had a 1max~um peak of 6.5 eggs in mid-}~y with a 

somewhat less de~ined peak of 4.5 eggs in late May. 

In summer, reproduction decreased when temperatures 
0 

exce~ded the c:ritically high temperature of 25 c. Daphnia 

and Ceri9paphnia had a mean clutch size 1.0 to 2.0 eggs 

while Bosmina. showed a mean clutch size of 1.0. 

Cer~odappnia showed an exception to this pattern with 

an increase :ln fecundity from late May until early July. 

Maximum clutch sizes of 6.0 eggs were observed in early 

June. 

Temperature was shown to have an association with 

ephippial formation in Daphni!_. In the fall it was noted 

that Qaphnia ephippia appeared when temperatures reached 
0 

13 c. 

For morphometric studies, temperature was investigated 
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and related t:o body length and egg volume of Daphnia and 

and Bosmina. Daphnia body length, ranging from 1,200 to 

1,500 microns, was found to have a significantly high 

positive correlation (0.6363) with temperature in the 10°C. 

0 When temperature ranged from 22 c. to 
0 

30 c., a significantly high negative correlation (-0.6825) 

existed. It appeared that lower temperature ranges were 

more conducive to growth than higher ranges. 

Bosmina body length, ranging from 150 to 160 microns, 

·showed an inverse association with temperature. A 

correlation coefficient of -0.5253 existed for the temper-
o 0 

ature range of 10 Co to 20 c. 
6 

·.Egg volume for Daphnia ranged from 3.60 to 5.35 x 10 

ctibi~ microns and were positively related to temperature 

yielding a correlation coefficient of 0.7400. However, 

6 Bosmi:lli!., having an egg volume range of 0.88 to 1.25 x 10 

cubic microns, showed a non-significant correlation of 

-0.3980 •. 

Morphometric studies also produced other relationships 

between body length, egg volume and clutch size. It was 

found that Daphnia and Bosmina had high positive correla• 

tions between body length and clutch size. Daphnia had 

a correlation coefficient of 0.5000 and for Bosmina it was 

0. 6509. These~ values appeared to indicate that for both 



species the larger animals carried larger clutch sizes. 

Body length against egg volume demonstrated a high 

positive correlation coefficient (0.4046) for Daphnia. 

Bosmina showe~d no such relationship and yielded a 

non-significant coefficient (0.1860). 

Other mo,rphometric relationships such as that of 

egg volume against clutch size showed a significantly 

high correlation coefficient of 0.4855 for Bosmina. 

A non-signifi.cant correlation existed for Daphnia. 

Validity of sampling was proven statistically 

for morning and evening tows. The T-test showed no 

significant differences between these two sampling 

periods for egg number composition as well as for 

percentage composition. This indicated that sampling 

either in the morning or evening gave data that could 

be validly cornpared. 

During this research fecundity data was derived 

from observat:lons made on 43,607 cladoceran females 

carrying a tot:al of 26,240 eggs. A total of 407 eggs 

were measured from 154 Daphnia and 120 Bosmina egg 

carriers. 

The production of eggs by Daphni!l, Bosmina and 

Ceriodaphn~ appears to follow somewhat regular 

oscillating patterns. The stabilization of these 
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fecundity pat·terns appears to be a mechanism by which 

these populat:ions regulate their numbers. 
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APPENDIX A (TABLES) 



Table 1. Temperatures (°C.) for depths at 0.5 meter intervals, 1968-1969~ 

Date Surf 0.5 1.0 1.5 2.0 2.5 ).0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

1968: 
Sept. 

30 17 17 17 17 17· 17 14 14 12 10 9 9 
Oct. 

2 18 18 18 17 17 17 16 15 12 10 10 9 
4 16 16 16 16 16 16 16 14 12 11 10 9 
6 14 14 14 14 14 14 14 14 13 11 10 9 
7 13 13 13 13 13 13 13 13 13 11 10 9 
9 13 13 13 13 13 13 13 13 12 11 10 9 

11 13 13 13 13 13 13 '13 13 12 11 10 9 
13 13 13 13 13 13 13 13 12 12 11 10 10 
16 19 18 15 14 13 13 13 13 12 12 10 
18 17 17 16 14 13 13 13 12 12 11 10 9 

-19 17 17 17 15 14 13 13 12 12 11 11 10 
21 14 14 14 14 14 14 13 13 12 12 10 10 
23 13 13 13 13 13 13 13 13 12 12 10 10 
25 12 12 12 12 12 12 12 12 12 11 11 10 
26 11 11 11 11 11 11 11 11 11 11 10 10 
28 11 11 11 11 11 11 11 11 11 11 11 10 
30 10 10 10 10 10 10 10 10 10 10 10 10 

Nov. 
1 9 9 9 9 9 9 9 9 9 9 9 9 
2 10 10 10 10 10 10 10 10 10 10 10 10 
4 9 9 9 9 9 9 9 9 9 9 9 9 
6 9 9 9 9 9 9 9 9 9 9 9 9 
8 8 8 8 8 8 8 8 8 8 8 8 8 
9 8 8 8 a. 8 8 8 8 8 8 8 9 

11 8 8 8 8 8 8 8 8 8 8 8 8 
13 5 6 6 . 6 6 6 6 6 6 6 6 6 ... .... ... - 0'\ 

V1 



Table 1. (Cont.) Temperatures (°C.) for depths at 0 • .5 meter intervals, 1968-1969. 

Date Surf 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4 . .5 5.0 5.5 6.0 6.5 7.0 7.5 

Nov. 
15 5 5 5 5 5 5 5 5 5 5 5 5 
16 5 5 5 5 5 5 5 5 5 5 5 5 5 
18 5 4 4 4 4 4 4 5 5 5 5 5 
20 3 3 3 3 3 3 3 3 3 3 3 3 3 
22 3 3 3 3 3 3 3 3 3 3 4 4 4 
24 4 4 4 4 4 4 4 4 4 4 4 4 4 
25 4 4 4 4 4 4 4 4 4 4 4 4 - -
27 4 4 4 4 4 4- 4 .4 4 4 4 4 4 4 

Dec. 
2 4 4 4 4 4 4 4 4 4 4 4 4 4 4 
4 4 4 4 4 4 4 4 4 4 4 4 4 5 

1969: 
_Apr. 

16 13 13 12 12 11 10 8 8 6 3 3 3 3 3 J 
17 13 13 13 13 13 13 8 7· 6 4 3 3 3 3 3 
20 7 8 8 8 7 7 6 6 4 J 3 J .3 .3 .3 
22 10 10 10 10 9 9 8 7 5 5 4 .3 J .3 J 
24 8 8 8 8 8 8 8 8 7 6 6 6 5 4 4 .3 
26 9 9 9 9 9 9 9 8 7 6 5 4 3 3 3 
28 13 13 13 1.3 12 11 10 9 8 .6 4 4 3 .3 .3 
30 11 11 11 11 10 10 9 8 7 4 4 4 4 4 4 

May 
2 1.3 13 12 12 11 10 10 10 9 6 5 4 4 3 3 
4 13 13 13 12 12 11 10 8 6 4 4 .3 3 3 3 
6 16 16 16 15 14 11 10 9 7 6 5 4 
8 15 15 15 15 14 12 10 8 8 6 5 4 3 

10 12 12 12 12 12 12 11 10 8 5 5 4 4 4 
12 11 11 11 11 10 10 10 10 9 8 5 4 4 4 4 - 0'\ 

0'\ 
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Table 1. (Cont.) Temperatures ( C.) for depths at 0.5 meter intervals, 1968-1969. 

Date Surf 0.,5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 

May 
14 11 11 10 10 10 10 10 10 9 7 5 5 4 4 4 
16 14 13 13 12 11 11 10 10 10 8 5 4 4 4 4 
18 14 14 14 14 12 11 10 10 10 9 8 6 5 4 4 
20 14 14 14 14 13 12 11 11 9 8 6 5 4 4 4 
22 14 14 14 14 13 11 11 10 9 7 6 5 4 4 4 
24 14 14 14 13 12 11 10 9 8 6 5 4 4 4 
26 12 12 12 12 12 11 11 10 9 8 6 5 5 5 
28 16 16 16 15 13 11 11 10 9' 7 6 5 5 4 
JO 18 18 18 18 16 12 . 11 10 9 7 6 5 5 

June 
5 16 16 16 16 15 14 12 10 9 8 . 7 6 5 
8 17 17 17 17 16 15 12 10 9 7 6 6 5 

11 20 19 19 18 16 14 12 10 9 7 6 6 5 
. 14 22 22 22 21 17 15 12 10 8 7 6 5 - - ""':' 

17 20 20 19 17 16 15 12 10 9 8 7 6 5 
19 18 17 17 17 16 15 13 11 9 8 7 6 5 
24 18 18 l7 17 15 15 14 11 9 8 7 6 6 
26 20 19 19 18 17 15 14 11 9 8 7 6 6 
30 23 23 22 20 19 16 15 14 13 11 10 8 7 

July 
5 22 .22 22 22 20 18 16 14 13 11 10 8 8 
8 21 21 21 21 20 18 16 14 13 12 10 8 8 

15 27 27 25 24 22 19 17 14 12 10 9 8 8 
23 27 27 25 24 22 19 17 14 12 10 9 8 8 

Aug. 
2 25 25 25 24 22 20 17 14 13 11 9 9 
9 25 25 25 24 24 22 17 14 13 11 9 8 8 

17 26 26 26 25 22 21 18 15 12 11 10 9 8 - - - ~ 
22 25 25 24 ·23 23 21 18 15 13 11 10 9 8 - .... - ""-J 

29 26 25 24 24 23 20 18 15 13 11 10 9 .9 
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Table 2. Mean monthly percentage of egg-carrying Daphnia. 

Month Number of eggs carried 

0 1 2 3 4 5 6 7 8 9 10 

1968: 

Sept. 75.0 15 • .3 8.8 0.5 

Oct. 64.8 11.7 14.2 5.7 3.4 0.2 

Nov. 67.9 9. 8 16.8 4.1 1 • 4 

Dec. ~ ~ 6. 4 _-___ -___ -___ ..... ___ -___ -___ -___ -_ 

Mean 7 4. 2 1 0 • 5 11 • 5 2 • 6 1 • 2 * 

1969: 

Apr. 

May 

June 

79.1 

77.5 

81 .5 

76.4 

1.2 0.9 

3.1 4.2 

6.) 8.8 

11.9 8.9 

3.6 4.2 4.5 

5.1 4.5 1.8 

2.1 0.9 O.J 

1.4 1.0 o.4 

3.0 2.8 0.6 0.1 

2.0 1.4 0.1 o.o 0.3 

0.1 

July 

.Aug. ~ 26.2 ~ ~ --- ----· --- ---- ---- ----· ---
Mean 75.9 9.9 6.2 2.6 2.1 1.4 1.0 0.8 0.1 * * 

* Values less than 0.1 
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Table 3. Mean monthly percentage of egg-carrying Bosmina. 

Month Number of eggs carried 

0 1 2 3 4 5 6 7 8 9 10 

1968: 

Sept. 57.5 35.0 7.5 

Oct. 64.4 JO.O 6.2 0,4 

Nov. 63.9 32.4 3.6 0.1 

Dec. ~ ~ _-___ -___ -___ -___ -___ -___ -___ -___ -_ 

Mean 70.0 25.6 4.3 0.1 

1969: 

Apr. 58 • 4 3 . 9 8 . 8 8 . 3 7 • 4 5 .1 5 • 9 1 • 3 0 • 8 0.1 

May 67.4 8.4 9.5 4.1 3.2 2.4 1.5 0.3 0.2 

June 62.8 26.4 10.4 0,4 

July 73.9 21.5 5.6 

Aug. 7£& ~ ~ _-___ -___ -___ -___ -___ -___ -_. _-_ 

Mean 67.2 16,8 7.8 2.5 2.1 1.5 1.6 O,J 0.2 * 

* Values less than 0.1 
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Table 4. Mean monthly percentage of egg-carrying Ceriodaphnia.· 

Month Number of eggs carried 

0 1 2 3 4 5 6 7 8 9 10 

1968: 

Sept. 67.0 16.5 16.5 

Oct. 59.0 33.3 7.7 

Nov. 66,2 33.8 

Dec. 1 oo. 0 ~ - ~ - - - - - - ---------------------
Mean 73.1 20,8 6.1 

Apr. 

May 

77.8 - i1.111.1 

59.3 3.2 11.8 12.2 7.3 2.3 2.3 

June 59.9 7.9 24.8 3.3 2.9 1.0 0.3 

July 86.7 9.4 3.9 

1.6 

Aug. ~ liJ ~ _-___ -___ -___ -_ ---- ---- -=-==-. ---

Mean 72.0 8,0 9.5 5.1 4.2 0.6 0.4 0.2 
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Table 5. Summary of mean body size, egg numbers and 

egg volume of Daphnia, 1969. 

DATE TEMP. BODY LENGTH EGG NUMBER EGG VOLUME 

J.oc.) (microns) (x 10~ 
May 

4 :L 3. 0 1469 2.80 ).65 
6 t6.o 129.5 2.80 J. 01 
8 15.0 1362. 4.00 .3.30 

10 l2. 0 1244 2.67 J,06 
t4 l 0. 0 1188 2.14 .3.94 
22 14.0 1278 1. 71 .3.79 
24 t4. 0 1320 1.80 3.99 
28 t6. 0 1348 2.00 4. 61 
20 t8.o 13~3 1.6J 4. 21 

Mean 1L 4. 2 1315 2.39 3.75 

June 
5 JL 6. 0 1350 2.38 4.15 
8 1L 7. 0 1279 2.20 J. 61 

11 1L 9. 0 1436 2,20 4.54 
14 :22·. 0 .1443 1.00 5.82 
17 t 9. 0 1410 J,OO 4·. 70 
26 19.0 1405 2,_20 4.:21 

Mean 18.7 1387 2.21 4.72 

July 
5.36 1 ~~1 • 0 1500 .3.50 

3 ~~2. 0 1449 J,40 4.09 
8 ~~1. 0 1303 1.25 4.32 

11 ~~3. 0 1319 1.75 5.25 
15 ~~7. 0 1252 1.80 4.61 
23 ~~6. 0 1290 1. 60 3.59 
2Z t~4! 0 1:200 2.20 4.22 

Mean t~3. 4 1345 2.21 4.49 

August 
2 ~~5. 0 1253 1.00 4.88 
6 ~~5. 0 1295 1.25 3. 91 
9 25.0 1203 1.20 4. 01 

12 l~5. 0 1181 1.83 J. 71 
17 26.0 1225 2.00 4.96 
20 ~~5. 0 1107 1.25 4.05 
22 25.0 11 .2.2 1. 00 4.00 

Mean ~~5 .1 1203 1.36 4.22 
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Table 6. Correlations for Daphnia and Bosmina. 

Daphnia 
Correlation Rxy N Sig. Rxy N Sig~ 

Mean body length 
vs. 0,6084' 18 99 -0.7042 25 99 

Time 

Mean body length . o.6363 15 99 -0.5253 14 95 
vs. ---~-------~-----------~--~-----------

Temperature -0.6825 14 99 0.1318 11 NS 

Body length per ind. 
VS 0. 5000 132 99 0.6509 110 99 

Egg number per ind. 

Body length 
vs. 0.4046 94 99 0.1860 109 NS 

Mean egg vol. per ind. 

Mean daily egg vol. 
vs. 0.4726 18 95 0.1.318 25 NS 

Time 

Mean daily egg vol. 0,7400 18 95 -0 • .3980 14 NS 
vs. -------------~-~----------~--~--~-----

Temperature~ -0 • .3224 14 NS -0 • .34.3.3 11 99 

Number of eggs per ind. 
vs. 0. 0008 132 NS 0,48.55 111 99 

Mean egg vol, per ind. 

Number of eggs per ind. 
vs. -0.2466 1 .31 99 -0,4800 1 OJ 99 

Temperature 
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Table 7. Summary of mean body size, egg numbers and 

egg volume of Bosmina, 1969. 

DATE TEMP. BODY LENGTH EGG NUMBER EGG VOLUME 

()c. ) (microns) (x 10~ 
May 

4 1. 3. 0 584 2.43 1 ,16 
6 16.0 511 3.00 1. 05 
8 15.0 493 3,00 1. 09 

14 1 o.o 495 2.67 1 .19 
22 14.0 358 1. 00 0,88 
24 14.0 142 1.25 1. 21 
28 16.0 )44 1. 00 0,95 
20 18.0 40~ 1. Jg 0.99 
Mean 14.5 415 1.9 1. o6 

June 
5 16.0 355 1 .1 7 1 .19 
8 17.0 390 1 .1 7 1 .19 

11 19.0 400 1. 33 1 .1 0 
14 22.0 370 1. 00 o. 71 
17 19.0 .380 1.50 0.99 
26 19.0 ~.27 1,00 1. J6 
Mean 18.7 375 1. 33 1. 05 

July 
1 .48 1 2t. 0 320 1. 00 

3 2:2.0 353 1 .43 1.00 
8 2t. 0 400 1. 00 1.20 

11 23.0 3L4-0 1,00 o. 98 
15 2'7. 0 400 2.00 1. 02 
23 26.0 365 1.00 1.36 
2Z 2L4-. 0 :270 1. 60 1. 08 

Mean 2:3.4 367 1.29 1 .16 

August 
2 25.0 328 1 .13 0.94 
9 25.0 3.58 1. 00 1 .1 0 

12 25.0 332 1. 00 o. 91 
22 2!). 0 JJZ 1.02 1.00 

Mean 25.0 337 l,OJ 1.00 



Talble 8. Percentage composition of zooplankton 196?-1969. 

Month Da£hnia Bosmina Cerioda~hnia Ch~dorus Dia~tomus C~c1o~s Nauplii Rotifers 

1968: 
Nov. 

9 44,0 40.0 0~0 0~0 6,0 10 .'o o.o o.o 
11 37.3 41.8 0.5 0~0 8.4 12.0 o.o o.o 
13 22.,0 52.0 o.o o.o 11.0 16.0 o.o o.o 
18 19.0 32.0 o.o o .. o 32.0 27.0 o.o o.o 
22 7.0 47.0 o.o o.o 8.0 24,0 o.o o.o 
25 16.0 47.0 7.0 o.o 24.0 16.0 o.o o.o 
27 23.0 53 .. 0 5.0 o.o 15.0 10.0 o.o o.o 

Dec. 
2 21.0 59.,0 o.o o.o 1.0 19.0 o.o o.o 
4 21.0 25.0 1.0 o.o 3.0 48.0 o.o o.o 

19 9: 
Feb. 

6 o.o o.o o.o 0,0 o.o o.o o.o o.o 
13 40.0 o.o o.o o.o 4o.o 20.0 o.o o.o 
20 o.o o.o o.o o.o 75.0 25.0 o.o o.o 
27 o.o o.o o.o o.o 75.0 25.0 o.o o.o 

Mar. 
6 o.o o.o o.o o.o 40.0 40.0 20.0 o.o 

Apr. 
11 0.3 o .. o o .. o 0~0 1.0 14.2 75.9 1.9 
14 9.1 18.2 o.o 0'!0 31.8 4.5 13.6 o.o 
15 19.4 27 .. 5 o .. o o.o 10.5 4.0 37.1 o.o 
16 2.6 33.8 o.o 1.) 7.8 20.1 27.9 o.o 
17 26.8 29.4 0.4 o .. o 22.9 7.2 12.8 o.o 
20 34.7 7.4 o.o o.o 23.1 17.3 16.7 o.o ....... 
22 8.5 13.0 o.o o.o 3.2 37.7 24.3 4.4 +:--
24 4 .. 3 18.0 o.o o.o 13.0 39.8 10.6 12.4 
28 26.2 17.3 o.o 10.3 21.4 11.2 0.1 o.o 
30 5.5 29.5 o.o 7.5 27.0 15.7 12.1 ~ o .. o 



Month Daphnia Bosmina Ceriodaphnia Chydorus Diaptomus Cyclops Nauplii Rotifers 

19 9: 
May 

2 
4 
6 
8 

10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 

June 
5 
8 

11 
14 
17 
19 
24 
26 
30 

July 
5 
8 

13 
15 

21.5 
45.7 
26.6 
16.2 
4.7 
1.1 
5.0 

13.0 
11.7 
22.1 
22.4 
21.9 
41.2 
19.0 
72.8 

43.7 
26.9 
12.4 
10.3 . 
41.0 

9.6 
20.7 
19.6 
29.1 

22.1 
29.9 
10.1 
17.9 

32.0 
4.8 
7.8 

12.3 
6.8 

~? ? 
..; r • f 

12.6 
41.4 
20.4 
18 .. 5 

7.7 
21.3 
7.0 

11.5 
4.0 

14.1 
5.0 
4.6 
1.6 

12.4 
14.2 
14.3 
15.2 
22.3 

20.7 
28.6 
18.3 
19.3 

o.o 
0.4 
o.o 
0.3 
0 •. 2 
(\ (\ v.v 

o.o 
o.o 
0.2 
0.0 
o.o 
o.o 
3.2 
1.2 
2.4 

2.3 
1.7 
1.2 
2.1 
3,8 
4.1 
9.4 

15.2 
25.7 

20.7 
18.4 
11.9 
17.6 

5.9 
1.5 
0~6 
1.1 
0.2 
!"\ ') v,.c.. 

0.6 
o.o 
o.o 
0.2 
o.o 
·o. o 
o.o 
1.9 
0.8 

0~0. 
o.o 
o.o 
1.1 
1.0 
1.4 
0~4 
1.5 
1.4 

o:o 
4~1 
o.o 
o.o 

15.6 
3.3 
5.0 
3.9 
5.2 
') !"\ 
.c...v 

1.7 
2.3 
2.1 
3.5 
4,7 

11.3 
4.2 . 

11.8 
6.8 

5.9-
7.8 
1.0 
4.8 

12.8 
16.5 
22.9 
8.8 

10.8 

14.4 
11.6 
20.2 
27.7 

6.6 
5.5 
0.6 
0.6 
0.7 
" Q v.u 
o.o 
0.3 
0.5 
0.2 
0.5 
1.5 
0.2 
o.6 
1.2 

1.3 
o.s 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

o;.s 
0.0 
4.6 
1.7 

10.4 
7.0 

12.8 
26.1 
29.9 

c r, 
..) . ( 
1.1 
5.5 
4,7 
1.7 
5.7 
4.9 
0.8 
4.5 
5.6 

5.4 
3.4 
8.0 
8.8 
4.1 
9.6 
o.o 
2.0 
2~'0 

2,4 
6.1 

22.0 
1.7 

7.4 
23.6 
46.6 
39.5 
52.2 
C'"> ~ .:;c...v 

79.0 
37.6 
60.1 
53.6 
58.9 
39.0 
43.5 
49.8 
6.4 

27.7 
54.4 
72.7 
67.7 
24.8 
44.5 
32.4 
37.0 
8.8 

19.3 
o.o 
7.4 

12.7 ""-J 
V1 



Month Daphnia Bosmina Ceriodaphnia Chydorus Diaptomus Cyclops Nauplii Rotifers 

1969: 
Aug. 

2 15.5 6.2 34 .. 5 o.o 22.0 11.2 10.2 O.J 
6 26.5 8.5 59.0 0~0 12.0 2.6 o.o o.o 
9 8.2 5.2 67.7 o.o 4.7 0.9 3.0 10.3 

12 11.9 0.6 36.5 o.o 10.7 9.4 15.1 15.0 
20 {. () , ?.. -:>Q Q Q.O '· ~ t.6 o.o 46-.4 '-'•'-' ..~...v ;;u,u t.~-."j 

22 5.8 0.5 49~0 o.o 13.1 0.9 5.8 24.8 
29 ).4 O.j 61.1 o.o 6.2 1.3 1.8 26.0 

...... 
0\ 
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Table 9. Analysis of variance of interacting factors 
affecting Daphnia, Bosmina and Ceriodaphnia 
fecundity. 

Effect Df Ssq Msq F(ror Df 
F erm error 

Da:2hnia: 
L J 4,)77 1,459 1,500 o.o 0.97 
M 1. 7 1, 324,154 77,891 1,660 .51 • 0 46. 90** 
D 65 1 ,487 23 150 195.0 0.15 
LX M 51 77,245 1 , 51.5 
L x D 19.5 1,504 8 
M X D 1 ,1 0.5 181,807 16.5 22 3,315.0 7.4.5** 
L x M x D J, 315 75 • .534 22 

Bosmina: 
L 3 4, 710 1 ,570 1,7.5.5 o.o 0.90 
M 17 111112,677 65,4.52 1,732 51.0 37.79** 
D 65 19,943 307 98 195.0 3.1 3** 
L x M 51 88,)49 1. 732 
L x D 195 19,131 98 
M x D 1 ,1 05 )06,)94 277 76 3' 315.0 3.65** 
L X M X D 3' 31.5 251,912 76 

Ceriodaphnia: 
L .3 3.992 1 '331 1 '583 0.2 0.84 
M 1 '7 481 ,143 28,)03 1,774 51 • 0 1 6 • 0 0** 
D 6.5 20,987 323 224 195.0 1 .44* 
LX M 5'1 8),419 1,6)6 
L x D t95 16,622 8.5 
LX D 1 ,1 05 305,734 277 1)8 3' .315. 0 2.00** 
L X M x D J' .315 458,464 1)8 

Note:L = Level or depth 
M = MeasurE~ & egg counts, light and temperature readings. 
JJ = Day 

** 99% level 
* 95% leVE!l 



Table 10. Percent composition of Cladocera taken from replicate tows, 

July 3 July 8 July 12~1.3 July 19 
Organism A.M. P.M. A!M. P.M-. A.M. P.M. A.M. P.M. 

Daphnia 98 41 44 14 11 10 18 15 

Bosmina 12.3 9.3 42 79 20 57 46 50 

Ceriodaphni~ 89 78 27 7.3 13 21 26 51 

1 OhO 
..... /"'7• 

'-I 
co 



Table 11e Percent composition of egg number taken from replicate tows, 969., 

July J July 8 July 12-13 July 19 
A.M. P.M. A.M. P.M. A ;M,. P.M. _ A M P M 

~-- ... • A.•£ •- • $ ~u-

Daphnia: 
Eggs 

0 7.3 92 38 49 20 86 58 56 
1 4 1 5 1 1 0 24 12 
2 4 3 7 0 0 0 14 .32 
3 9 0 0 0 0 0 4 0 
4 -9 4 0 0 0 0 0 0 
5 1 0 0 0 0 0 0 0 

Bosmina: 
Eggs 

0 64 73 38 46 43 96 89 80 
1 30 18 12 4 7 4 11 16 
2 0 9 0 0 0 0 0 4 
.3 6 0 0 0 0 0 0 0 

Ceriodaphnia: 
Eggs 

0 60 91 50 50 43 86 72 70 
1 0 1 0 0 6 14 12 17 
2 36 7 0 0 1 0 16 13 
3 4 1 0 0 0 0 0 0 

\ ....... 
\0 
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Table 12. Results of Student's T-test for sampling by 

replicate tows, 1969. 

Organism 

Daphnia 

Bosmina 

Ceriodaphnia 

Organism 

Daphnia 

Bosmina 

Ceriodaphnia. 

Egg Number Composition 

Value 

-1 .5864 

-1 .1514 

-1 ~ 6003 

Percent Composition 

Value 

. l '7244 

-0.7492 

-1~~ 3997 

Significance 

NS 

NS 

NS 

Significance 

NS 

NS 

NS 

80 

'· 
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~PPENDIX B (FIGURES) 



t~~~;~tl Aquatic vegetation 

E'2Q] Escarpment 

............... ._._ .. 
X 

Tow area (97 .5 ·meters) 
Area of spring 

N 

+ 

Fig. t. McCargo Lak~ study area. 
00 
~ 
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