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l. INTRODUCTION 

Zooplankton populations constitute very important 

components of the aquatic community. These organisms feed 

mainly upon the primary level with some species feeding 

upon secondary levels. They, in turn, are. fed upon by 

other aquatic organisms, especially fish, where the larger 

members of the Cladocera and Copepoda are present in the 

food chains of virtually all young developing fish (Costa 

and Cummins, 1972; Herodek and Farkas, 1967; and others). 

In addition, the filter feeding forms (most Cladocerans 

and many Copepods) play an important role in the recycling 

of various mineral substances (Barlow and Bishop, 1965); 

Pennak, 1953). 

A great number of studies have shown the Cladocera 

and Copepoda to be very sensitive to virtually any change 

in their environment. For example, Smith and Baylor (1953) 

found that the color of light affected the swimming pat

terns of Daphnia. When under the influence of blue light 

they tended to swim in a horizontal plane; under red light 

they moved in a vertical plane. Buikema (1966) found red 

light inhibited the growth of Daphnia while blue light 

increased their brood size. The density of Daphnia 

(Hazelwood and Parker, 1963) and Diaptomus (Hazelwood and 

Parker, 1961) has been shown to be directly correlated 

with the length of the photoperiod. 
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Dissolved oxygen concentration is one of the primary 

factors governing the zooplankton communities. Hazelwood 

and Parker (1963) found the densities of Daphn1a and 

Diaptomus in Kepple Lake to be directly correlated to the 

dissolved oxygen content of the Lake. The rate of oxygen 

consumption by Simocephalus was found to be directly re

lated to dissolved oxygen concentration (Hoshi, 1957). 

Banta and Brown (1924) reported that increased oxygen 

consumption of Cladocera brings about the production 

of males, females with ephippia, and eventually resting 

eggs. 

Salazkin et al. (1968) reported that "insignificant" 

decreases in pH were found to have a "stimulating" effect 

upon the Cladoceran community, resulting in an increase 

in total production. He also noted that greater increases 

in acidity to a pH of 5.0 caused the total number of 

broods to decrease and the life duration to be shortened. 

Decreases in pH reportedly also reduced the mean sizes 

and weights of individual Cladocerans within the commun-

ity and �aused morphological changes in size and shape qf 

the eye, h�ad and �ntennae (Salazkin, 1966). 

Temperature virtually sets the reproductive cycle of 

Cladocera (Birge, 1898). High temperatures (25C) hinder 

reproduction while lower temperatures (12-14C) decrease 

metabolism and cause the production of males, ephippia, 

and resting-eggs (Tauson, 1930). Brlan (1969) reported 
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that the Daphnia of Mccargo Lake produced eph1pp1a a.t: .lJC 

while Bosmina and Ceriodaphnia were seen to have ephippia 

in conjunction with temperatures greater than lJC. 

Coker and l.ddlestone ( 19:38) reported- ·temperatures below 

13c to be respons!ble tor the•product1on or Daphnia with 

rounded heads. Tempera�ures above 13c produced po1nt�d 
 

heads on�young Daphnia. Brlan (1969) tound ·various rela� 

t1onships�between Cladoceran size and temperature depending 

upon species and temperature range. For'Daphn!a size he 

demonstrated a positive correlation 'with temperature 

between 10C an�·19c but a negative correlation above 19c. 

Brlan (1969) also not·ea. that Bosmina size had an overall 

negative correlation with temperature. 

The rate of embryonic and postembryonic development 

for Daphnia (Korinek, 1970)· and.Cyclops (Coker, 1934) were 

found to be a function of temperature. Rising temperatures 

decreased the time of development. Similarly, ·the life 
-

. 

duration of individual Cladooerans'1s inversely related to 

temperature (MacArthur and Baillie, 1926). Hazelwood and 

Parker· ( 1961) found the dens1 ty o� Daphn1tt .ito have a posi-· 

tive correlation With temperature as did ··ward ( 1940) and

Birge (1898). Pratt (1943) found cultures of Daphnia 

magna at !BC to be 2'.,5 t1mes more dense than at 24C. 

Slobodkin (1954) obtained similar results for Daphnia 

obtusa. 

For the Copepods, Hazelwoo� and Parker (1966) found 

a highly negative correlation between temperature and 
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density of Diaptomus. A lag of two weeks existed. Cyclops 

raised at BC were reported by Coker (1934) and Aycock (1942) 

to be larger than those reared at 28-JOC. Aycock {1942) 

reported a higher mortality in Cyclops reared at 7.7c as 

opposed to those reared at 28.lC. She also noted a popula

tional trend towards an increase 1n the number of spines 

on the terminal segment of the first to fourth exopods. 

Certain zooplankton species appear to be quite toler

ant of man-made pollution problems. This can be seen in a 

recent report of a study of Lake Onondaga, Syracuse, New 

York. A suprisingly large variety of zooplankton were 

found in this extremely polluted saline lake. Among the 

species reported were five Cladocera and four Copepoda. 

However, no apparent relationship e~isted between pppula

tion dynamics and the changing chemical parameters 

(Onondaga County, 1971). The fact that certain zooplank

ters were found at all in a lake that had a mean chloride 

concentration of 1404 ppm in the epilimnlon offers some 

information about the tolerance of these crustaceans. It 

should be noted, ~owever, that there 1s some question as 

to the chloridity 1n which these zooplankters were actually 

living. Surface waters tend to be considerably more dilute. 

The collection of zooplankton by vertical tow used in the 

Onondaga study does not allow for analysis of zooplankton 

composition at different depths. 

The question of how salinity changes may be affecting 

the aquatic ecosystem has just recently been recognized as 
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a serious problem. The increasing use of deicing salts 

upon u. s. highways has re�ulted in considerable concern 

over their dispersion into, and subsequent concentrations 

within the aquatic environment. In Meadowbrook (Syracuse, 

N. Y.) Hawkins (1971) found summer chloride concentrations

to be 60 to 80 ppm. After the first snows and street 

salting the concentration increased to 200 to 300 ppm. An 

extreme of 10,650 ppm was obtained in December, 1969, 

although winter peaks of 1000 to 3000 ppm were more repre

sentative. Sharp (1971) reported that chloride concentra

tions of Lake Minnetonka {Minnesota) increased from 5 ppm 

in 1949 to 25 ppm in 1970. In the same area, Diamond Lake, 

which receives the discharge of a major storm sewer, showed 

an increase in chloride concentrations to 2270. ppm in 1970. 

Bubeck et al. (1971), in monitoring Irondequoit Bay 
--

(Rochester, N. Y.), found chloride concentrations of 700 

to 4000 ppm near storm sewer outlets during a winter 

runoff. The chloride content of Irondequoit Bay'.s surface 

waters ranged between 100 and 400 ppm and had a yearly 

average of 160 ppm. Chloride concentrations increased to 

the end of winter and then decreased throughout spring. 

This pattern was attributed to the use of deicing salt and 

its consequent runoff. Chloride concentration of the Bay 

had increased five-fold during the 20 years previous to 

the study. 

In spite of the concern over the increasing salt 

pollution of aquatic environments very little research has 
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been done to determine long-term effects upon aquatic pop

ulations. What little work has been done generally involves 

salinities of a much greater concentration than those pro

duced by deicing salt pollution. Preliminary work by this 

writer found a 100% mortality (at 25C} among a mixed zoo

plankton culture of Cladocera in a o.4% (4000 ppm) NaCl 

culture after 36 hours of exposure. The Copepod component 

of the same community showed 25% mortality under the same 

conditions. In a study of the aquatic insect larvae of 

Chironomus attenuatus Thornton and Sauer (1972) found a 

50% mortality in a o.8% (8000 ppm) NaCl culture. This 

eff~ct was observed after 48 hours. 

In freshWaters concentrations of 4000 and 8000 ppm 

NaCl are not commonly found for long periods of time. And, 

short-term studies, while demonstrating the immediate 

effects of salinity stress, do not show the insidious and 

less immediate detectable populational changes. Hazelwood 

and Parker (1963) in their year-long study 9f the population 

dynamics of the zooplankton of Kepple Lake (Washington) 

noted that "increased salt concentration .. might be a factor 

in the "apparent calano1d copepod dominance" over the 

daphn1ds. They also conjectured that "increasing salt con

centrations" appeared to have a negative influence on repro

duction and embryonic development but was not "detrimental" 

to free-swimming daphnids. 

Changes in the aquatic environment, whether naturally 

occurring or man-made, can result in stressed conditions 



-7-

for the zooplankton. These conditions of stress (be they 

temperature, pH, oxygen, or salinity) have their effect via 

the physiology of the organisms. This often results in an 

excess expenditure of energy simply to maintain their 

existence thus their overall reproductive output is lowered 

over time. 



II. THE INVESTIGATION 

A. Objectives 

It 1s generally known that stress, especially one in

volving ionic regulation, results in increased energy ex

penditure during osmoregulatory processes. This may signi

ficantly lower the reproductive capacity of specific genera 

or groups and thus affectively reduce their numbers. The 

low concentrations of chloride generally found in fresh

water ecosystems may not necessarily lead to conditions 

which entirely eliminate individuals of a zooplankton 

community outright but may produce a shift in community 

composition and result in a lowered diversity. 

The main objective of this research then was to de

termine what effects salinity stress produced in a mixed 

Cladocera and Copepoda community. To achieve this 1t was 

necessary to examine changes in zooplankton densities; 

shifts in percent composition of Copepod. and Cladoceran 

populations; and changes in percent composition of females 

carrying eggs or young. 

B. Methods 

For these studies, zooplankton samples were collected 

from Mccargo Lake, Fancher, N. Y. They were collected at 

depths of 0.5 to 3.0 meters, as the water approached the 

temperature selected for each particular·phase of the 
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project. The samples were taken with a hand pump or a 
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#20 mesh plankton tow net. The organisms were concentrated 

into four liters of lake water �nd then taken to the lab

oratory. They were immediately placed 1n a Percival incu

bator which was pre-set for the temperature{± 2C) at which 

they were collected. All culture� w�re aerated for 24 

hours. 

The next day the zooplankton culture was randomly 

sub-sampled to provide 15 sub-cultures (250 to 390 .. ml each). 

The water of each sub-culture was then replaced by one of 

five salt solutions (O, 500, 1000, 1500, and 2000 ppm NaCl). 

Thi� resulted in three replicates for each salinity value. 

These sub-cultures were then maintained in the incubator 

under a 12-hour photoperiod and the selected temper�tUJ;e. 

The salt solutions were made by adding o.oo, 0.05, 

0.10, 0.15, and 0.20 grams of NaCl to five one-liter flasks 

of water obtained from Mccargo Lake at the time of the 

zooplankton sampling. The resulting salinities do not 

include the amount of salt already present 1n Mccargo 

water since the nature of the experiment wa� to determine 

the effects of stress due to salinity addition. The par

ticular salinity concentrations were chosen after pre

liminary work had been done by this investigator. These 

investigations demonstrated that none of the zooplankton 

survived more than 72 hours at 25c in a 0.4% (4000 ppm) 

NaCl solution. In addition, the salinity values of Oto 

2000 ppm were chosen to best approach the range of salinity 



concentrations resulting from the use of deicing salts 

(Bubeck � !!!•, 1971; Hawkins, 1971). 
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Immediately after preparation of the 15 sub-cultures, 

and at one or two 4ay 1�tervals thereafter, eaeh culture 

was examined for changes 1n composition of the. zooplankton 

comm.unity. One at a time, a culture was mixed to resuspend 

the zooplankton component. A 10 ml subsample was then · 

withdrawn with a large-mouth dropper and placed in a 9-well 

counting plate. The subsamples were examined with.a dis

secting microscope and only the 11.ving org�n1sms were 

counted and classified as to generic makeup and reproduc

tive condition. 

It w�s often difficult to determine if the organism 

was alive. Only those zooplankters showing any form of 

movement were considered in the count. Individual. 

Copepods occa·s1onally go into a state of dormancy and can 

be activated only by repeated stimu�ation (Coker,_1934). 

The inactive Copepods were stimulated with a camel hair 

brush. If upon stimulation they did not respond they 

were "declared dead." T}:11..,s Wa§ done for dormant 

Cladocerans as well. 

After completing the count, the subsample was 

returned to its original culture. This technique was again 

repeated one to three times. The same procedure was em-
·.,-•1' � ... �,�- . • . .., ... ��..,.. --- _..n 

ployed for all fifteen sub-cultures and they·were each 

subsampled at least twice. Sub-cultures were removed from 

the·1ncubator in groups of three and replaced after each 
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counting sequence. On occasion up to eight subsamples were 

counted from a single sub-culture. The same procedure was 

followed for all zooplankton collections of the four temp

erature variables (4. 9, 18, and 24C) used in this research • 

• 
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III. RESULTS 

The curves obtained from plotting the experimental 

data (Figures 1-5) are not completely linear nor logarith

mic functions. The curvilinear nature of these plotted 

data do however provide useful trends rather than neat 

statistical formulas. 

A. Mean Number of Zooplankton per Sample 

The percent ~hanges in the mean number of zooplankton 

for various salinities and temperatures is presented in 

Table 1. The percentage decrease in the mean number of 

zooplankton is shown from the beginning to the end of each 

run for various temperatures and salinities. The general 

trend for 4, 9, and 18C shows the percent decrease in zoo

plankton number to be directly proportional to salinity 

concentration. At 24C the percentages do not appear to 

follow this pattern. However, close examination of the 

data presented in Figure 1 confirms that this is due to 

natural oscillation of the population and the resulting 

changes in shape of the curves. Figure 1 was constructed 

using the data in Tables 2 through 5. These Tables pre

sent the mean number of zooplankton per sample and the 95% 

confidence intervals for all five salinities at 4, 9, 18, 

and 24C respectively. 
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A plotting of density curves for all four temperatures 

(Figure 1) shows a definite change in the shape of the 

curves between 1000 and 1500 ppm NaCl. The curves are 

variable for salinities up to and including 1000 ppm. 

Either an oscillatory populational curve like that of 9C 

and 24c or a smooth curve as for 4C, and 18C results. 

Regardless of the type, a relatively slow rate of decline 

is evident. The curves for 1500 and 2000 ppm NaCl however, 

demonstrate a rapid decrease and a leveling off to a .low 

mean number of zooplankton. Increasing temperature appears 

to increase the rate of decline of the curves. This is 

especially evident at 1500 and 2000 ppm NaCl. 

B. Mean Percent Composition of Copepods 

The changes in mean percent composition of Copepods 

from day zero to the last day of each run are seen in 

Table 6. In general, Copepods increased in percentage 

composition when salinity values were 1000 ppm NaCl or 

greater. Eleven of the 12 values showed increases of 1 to 

75% (Table 6). Changes in the mean percent composition of 

Copepods under the various temperatures and salinities 

from the beginning to the end of each run are shown in 

Figure 2. Tables 7 through 10 were used to compose Figure 

2. These Tables show the mean percentage of Copepods and 

the 95% confidence intervals for ~11 five salinities at 

4, 9, 18, and 24C respectively. Starting at 500 ppm the 
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general trend for each temperatuTe is an increase in the 

percent of the Copepod component with increase in salinity 

concentration. Between concentrations of 1000 and 1500 ppm 

noticeable differences are first seen in a change in the 

shape of the curves. 

At 1500 ppm NaCl the Copepod component approaches and 

at times attains 100% for each temperature. At a concen

tration of 2000 ppm the _Copepod composition approaches 

100% earlier and remains at that value. 

The effect of temperature does not become apparent 

until a salinity concentration of 2000 ppm is attained. 

At this concentration rising temperature causes an increase 

in t·he rate of change in the curves for Copepod compo

sition (Figure 2). 

Figure 3 demonstrates the relationship between the 

percent composition of Copepods and the community growth 

curves. Figure 3 is a composite of Figures 1 and 2 com

paring the mean percentage of Copepods to the community 

density curves. At 1500 and 2000 ppm NaCl the Copepod 

percent composition demonstrates an inverse relationship 

to the mean number of zooplankton. At these two salin

ities this was found to be true for curves at all four 

temperatures. 
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c. Mean Percent Composition of Egg-carriers 

Figure 4 was constructed using the data in Tables 

11 through 14. These tables show the mean percentage of 

egg-carriers and the 95% confidence intervals for all five 

salinities at 4, 9, 18, and 24C respectively. 

At 4C and 9C, curves showing the pe~cent composition 

of egg-carriers undergo a series of oscillations with no 

apparent pattern between sal1n1t1es.(Figure 4). At 2000 

ppm NaCl both curves decrease to 0% egg-carriers. 

The curves r·or 18C are similar at O, 500, and 1000 ppm 

NaCl (Figure 4). On the fourth day these curves decrease 

to nearly 0%. At 1500 ppm the curve depresses earlier but 

does not quite reach 01 at 2000 ppm the depression occurs 

still earlier. 

At 24C (Figure 4), for all salinity concentrations, 

virtually no egg-carriers were present. Between day one 

and day four a small percentage of egg-carriers appeared 

but vanished again before day five. At this temperature 

there appears to be no observable pattern in the curves 

that relate to salinity. 

At 2000 ppm NaCl the percent composition of egg

carriers decreases to Oat 4, 9, and 18C. At this concen

tration rising temperature appeared to oause the elimina

tion of egg-carriers to occur more rapidly. 
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Figure 5 shows the relationship between the percent 

composition of egg-carriers and the community growth curves. 

Figure 5 was constructed from Figures 1 and 4 and compares 

the mean percentage of egg-carriers to t_he community density 

curves. Examination of Figure 5 indicates a general trend 

towards a positive correlation between percent composition 

egg-carriers and mean number of zooplankton at all salinity 

concentrations and temperatures. 



IV. DISCUSSION 

The studies of Hawkins (1971), Sharp (1971) and 

Bubeck ~ al. (1971) have clearly shown the increasing 

problem of deicing salt pollution due to runoff. The effect 

of salt pollution upon aquatic organisms has not been so 

clearly demonstrated however. Most studies of the effects 

of salinity upon freshWater organisms involve salinity 

concentrations of a much higher concentration than would 

ordinarily result from deicing salt runoff. The .studies 

also are usually concerned with freshwater organisms in an 

estuarine system. 

This investigation examined the effects of smaller 

salinity changes of O, 500, 1000, 1500, and 2000 ppm NaCl 

upon mixed Cladocera and Copepoda communities. These 

salinity concentrations were selected to -be within the 

range of those reported by Hawkins (1971) and Bubeck ~ al. 

(1971) as caused by deicing salt runoff. The experiments 

were carried out at 4, 9, 18, and 24c. 

Preliminary work by this writer showed a 100% mortal

ity (at 25C) among a mixed zooplankton culture of Cladocera 

in a o.4% (4000 ppm) NaCl solution after 36 hours of expos

ure. The Copepod component of the community showed 25% 

mortality under the same conditions. Thornton and Sauer 

(19?2) found a 50% mortality in aquatic insect larvae of 

Chironomus attenuatus 1n a o.8% (6000 ppm) NaCl solution. 

-17-
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Changes 1n community density curves at each selected 

temperature became apparent at 1500 ppm NaCl. At O, 500, 

and 1000 ppm there was no apparent pattern relative to 

salinity or temp~rature (Figure 1). In seven out of eight 

instances at salinity concentrations of 1500 and 2000 ppm 

NaCl, the mean number of zooplankton decreased by 87 to 

96% (Table 1). At these concentrations, the mean number 

of zooplankton decreased early in the exper1m,nt and 

leveled off near zero '(Figure 1). This pattern at 15,00 

and 2000 ppm NaCl was similar for the four selected temper

atures. As temperature increased the rate of decline in 

the number of zooplan.kton increased (Figure 1}. 

The community curves for the Copepod component also 

showed a distinct change at the 1500 ppm level. At O and 

500 ppm NaCl no pattern relative to salinity or tempera

ture was apparent (Figure 2). At concentrations of 1000 

ppm and greater, 11 of the lZ values for percent composi

tion of Copepods showed increases ranging from 1 to 75% 

(Table 2). At 1500 and 2000 ppm NaCl the increases were 

more obvious. All eight values for percent composition of 

Copepods showed increases of at least 16%- (Table 2). The 

curves for these two concentrations (1500 and 2000 ppm 

NaCl) were similar at all four temperatures. As tempera

ture increased. however, the rate of change in the percent 

of Copepods present also increased (Figure 2). 

A comparison of the mean number of zooplankton curves 

with those of the percent Copepods showed an inverse 
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relationship at 1500 and 2000 ppm NaCl (Figure J). At sa

linity changes of 1500 ppm and greater Cladocerans were 

almost entirely eliminated by the end of each experiment 

leaving the community composed primarily of Copepods. 

It is quite apparent that the effect of salinity is 

more selective against the Cladocera.. Hazelwood and 

Parker's (1963) study of Kepple Lake· showed that increased. 

"salt concentrations" may have been an important -factor in 

the relative increase in the number of Diaptomus (Copepoda) 

and its consequent replacement of Daphnia.(Cladocera). 

At 24C virtually no females were seen carrying eggs 

at any of the five salinity concentrations (Table 14). At 

the remaining temperatures the percentage of egg-carriers 

showed no patterns that related to salinity or temperature 

at O, 500, 1000, and 1500 ppm NaCl (Figure 4). At 2000 ppm 

NaCl each curve decreased to zero by the end of the experi

ment. Increased temperatures at this salinity resulted in 

earlier depression of the curves to zero (Figure 4). 

A comparison of the curves for the mean numbe� of 

zooplankton to those of the percent of egg-carriers showed 

a direct relationship between the two (Figure 5). An 

inverse relationship thereby existed between the ·per.cent 

composition egg-carriers and percent composi�ion Copepods. 

It was also noted in all instances that at every _point at 

which the mean percent composition of Copepods reached 

100 the mean percent composition of egg-carriers was 

zero (Tables 7-14). 
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At first 1t,m.1ght appea~ that salinity influences the 

proportion of Cladoce+ans that carry eggs. At.4, 9, and. 

18C these changes appea~ to sugg~st that at ~oncentrat1ons 

of 1500 and 2000 ppm NaCl a decr~se in th~.numbers of 

egg-~~rrying zooplank:~on. results. ~t thes~ concentrations 

the final commun.1ty 1s ~sent_ljilly 100% CoJ>epoqs. In this 

study-egg-carrying Copepodswer~ observ~ ~~~s of~en than 

we~e ,:gg-carry1ng Cla.docerans... The deer.ease, ,in the percent 

compos1t1ott of pgg-~arr1ers at the higher salt .c~ncentra-

. t1ons may m~rely ref~~qt th~s- shift.. in th.e spEl'cies compo

s1t1.Qn rather tha.ft repres~P..t ~n action of ,the salirµty 

directly upon the egg-carr1er$-themselves. Thi& is turt.her . ' 

~'bstant1ated by tbe decline 1n the colDJD.Ul11t,y ~mttjl Qllrl(e 

at 24C at ~h1ch there-were virtually no egg-carriers in the 

community at 1500 and 2000 ppm NaCl. The decrease 1n the 

z~oplankton density due to salinity then appears to be 

independent of its effect on survival of the egg-carriers. 

Fu~ther studies may well show that the eggs produced und~r 

salinity changes my be inviable and brood sizes may be 

smaller. 

Temperature has long been known to directly influence 

metabolic rate. This study also demonstrates that the rate 

effects due to salinity concentrations,are directly pro

portional to the four temperatures examined. This further 

suggests that salinity stress adversely ~ffeets metabolism. 
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The consequent increase in osmoregulatory activity results 

in high energy expenditure. In turn the amount of energy 

available for more anciliiary functions is thereby limited. 

The overall effect on population growth and development may 

be serious. Hazelwood and Parker (1963) concluded that 

even though increased "salt concentrations" had very little 

detrimental effects on free-swimming daphnids already 

present in the lake, it did exert a "negative influence" 

on reproduction and embryonic development. The findings 

by this writer, especially in regard to 1500 and 2000 ppm 

NaCl, where a very significant reduction in percent egg

carriers occurred along with a shift in community compo

sition from the Cladocera to the Copepoda, supports their 

findings and conclusion. 



V. CONCLUSION

Fry (1947) defined the zone of tolerance as those 

levels of a given lethal factor in which the organisms 

"will never die from the effects of that particular iden

ity alone." Beyond this zone he defined a·zone of resis

tance as being those levels at which the organism "will 

ultimately succumb to the effects" of the factor· in 

question. 

In this investigation the four experimental tempera

ture regimes ·of 4. 9. 18, and 24c were within the natural 

range that these organisms would encounter and thus were 

within the zone of tolerance. The salinity-temperature 

combinations selected in this investigation also appeared 

to be well within the zone of tolerance for these fresh

water zooplankton populations. 

While all the chosen salinity concentrations of O, 

500, 1000, 1500, and 2000 ppm NaCl appeared to fall within 

the zone of tolerance for individual zooplankters, whole 

segments of the community appeared to "ultimately succumb 

to the effects" of the salt with time. The Cladocera ap

peared to be particularly affected and were eliminated at 

salinity values of 1000 ppm NaCl or greater. The remain

ing community was then composed entirely of the Copepoda. 

This disappearance of Cladocera was apparently due not to 

the salt-induced mortality of individual free-swimming 

-22-
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Cladocerans but to the reduction in their biotic potential. 

The Copepods were unaffected by these salinity changes or 

the effect was of a lesser magnitude. 

Thus the resulting decline in the numbers and species 

within the zooplanktop community at the higher salinity 

concentrations (greater than 1000 ppm NaCl) appears not to 

be due to the salinity-induced deaths of ind1vi~uals but 

to a much lower rate of replacement of those individuals 

that are dying of "natural" causes sucp as oJ_d age and 

predation. In terms of salinity concentration, this lower 

rate of replace~ent may be due to the increased osmoregu

latory demands_ qrought about by salinity stress and the 

consequent dec~ease in the energy that would normally be 

available for reproductive activity. 



VI. SUMMARY

In spite of concern over the increasing salt pollu

tion of aquatic environments, very little research has 

been done to determine its long term effects upon aquatic 

populations. The author looked specifically at populations 

of Cladocera and Copepoda to study the effects of various 

salinities and temperatures upon changes 1n community 

composition with time (Table 1.5). In preliminary studies 

this writer maintained a zooplankton community culture at 

25c in a salinity concentration of 4000 ppm NaCl. A 100,% 

mortality occurred among the Cladocerans by 36 hours o� 

exposure. The Copepod component of the community however 

showed only a 25% mortality under the same conditions. 

For the main body of this research, zooplankton were 

subjected to salinity concentrations of O, .500, 1000, 1500,

·and 2000 ppm NaCl... These were �epresentative of· values

reported by Bubeck � al. (1971) ·and Hawkins {1971) as

occuring during deicing salt runoff. The effects of each

salinity were examined at four selected temperatures

(4, 9, 18, and: 24C).

It was found that at each selected temperature, the 
\ 

mean number of zooplankton declined sharply after exposure 

to s�lin1ty values 1.500 and 2000 ppm NaCl. At �ach exper

imental temperature the mean percent composition of 
. 

Copepods increased at 1500 and 2000 ppm NaCl •. The mean 
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percent composition of egg-carriers appeared to follow the 

pattern set by the mean number of zooplankton, decreasing 

to zero by the last day of each experiment at 2000 ppm for 

each temperature. For each of the three characteristics 

(density, species composition, and perce~tage carrying 

eggs) o~ the population examined, it appeared that increas

ing temperature caused an increase in the ·rate at wh1c~ 

salinity changes were effective. This suggested that 

effects due to salinity were mainly related to metabolism 

rate changes of the zooplankter. Under such salinity stress 

an increased energy demand within the zooplankton community 

was neqessitated by an increase in osmoregulatory functions. 

Low con~entrat1ons of chlorides generally found in 

freshwater ecosystems then, do not appear to be detrimental 

by eliminating outright all of the individuals of a zoo

plankton community. However, because of the necessity to 

increase energy expenditure during osmoregulatory functions, 

salinity changes appear to be ma.inly effective in lowering 

the biotic ,potential of specific genera or groups. Thus 

their numbers are significantly and selectively reduced. 

The Cladocera appear tQ be more adversely affected than 

the Copepoda. A shift ot this type within the community 

eventually results in a lowered diversity. 



VII. LITERATURE CITED 

Aycock, D. 1942. Influence of temperature on size and 
form of. Cyclops vernalis Fischer. J. Elisha Mitchell 

,Scl:. Soc. , 58.: 84-93. 

Banta, A. M. and L.A. Brown. 1924. Rate of metabolism 
and sex determination ·in Cladooera. Exper. Biol. and 
Med. Proc., 22: 77-79. 

Barlow, J.P. and J. w. Bishop. 1965. Phosphate regen
eration by zooplankton in Cayuga Lake. Limnol. 
Oceanogr., lO(Suppl.): R15-R24. 

Birge, G. A. 1898. Plankton studies on Lake Mendota. 
II. Crustacea of plankton from July, 1894 to 
December, 1896. Trans. Wis. Aoad., 11: 274-448. 

Brlan, M. 1969 •. The seasonal fecundity of the Cladocera 
of McCe,rgo Lak.~. M. s. Thesis, State University 
College of New York at Brockport. 

Bqbee~, R. Q., W. H. Diment, B. L. Deck, A. L. Baldwin, 
an~ s. D. Lipton. 1971. Runoff of deicing salt: 
Effec~ on Irondequoit Bay, Rochester, New York. 

Buikema., A. L. 1966. Effects of varying wavelengths, 
1n~ens1t1es, and polarized light on population 
dynamics and ephippial production of Daphnia p)lex 
Leydig, 1860. Emend. Richard, 1896 (Cladocera. 
Crustace@.na, ·14: 45-55. , ' 

Coker, R. E. 19J4. Reaction of some freshwater Copepods 
to high temperatures. J. Elisha Mitchell Sci. Soc., 
50, 143-159. 

Coker, R. E. and H. H. Addlestone. 19380 Influence of 
temperature on cyclomorphosis of Da4hn1a longisp1na. 
J. Elisha Mitchell Sci. Soc., 54: 5-75• 

• Costa, R.R. and K. Cummins. 19?2. The contrlbution of 
Leptodora and other zooplankton to the diet of 
various fish. Am. Midl. Nat., 87, 559-564. 

Hawkins, R.H. 1971. Street salting and water quality 
in Meadowbrook, Syracuse, New York. Proceedings: 
Street Salting--Urban Water Quality Workshop, May 6, 
1971. PP• 62-69. 

-26-



-27-

Hazelwood, D. H. and ft. A. Parker. 1961. Population 
_dynamics of some freshwater zooplankton. Ecology, 
421 266-274. 

Hazelwood, D. H. and H. A. Parker. 1963. Population 
dynamics of some freshwater zooplankton. II. The 
effect of lag. Ecology, 441 207-211. 

Herodek, s. and T. Farkas. 1967. Gas chromatographic 
studies on the fatty acids composition of some fresh
water crustaceans. Ann. Inst. Biol. (Tihany) Hung. 
Acad. Sci., J4: 147-1:52·. 

Hosh1, T. 1957. Stud1�s on physi�logy and ecology· of 
plankton� XII. Changes 1n 02 .. consumption of the 
daphn1d, Simocephalus vetulus, with the decrease of 
o2-eoneentrat1on. Tohku Daigaku. Sendai, Japan. Sol. 
Reports. �eries 4. �1ology, 2Js· ?7-J�. 

Korinek, v. 1970. The embryonic and postembryon1c devel
opment of Daphn1a hyalina Leydig (Crustacea, Cladocera) 
from Lake Maggiore. Mem. Ist. Ital. Idrobiol., 
261 85-95 • 

.MacArthur, J. w. and w. H. T. Baillie. 1929. Metabolic 
activity and duration of life. I. Influence of 
temperature on longevity in Daphn1a magna. J. Exp. 
Zool., 531 221-242. 

Onondaga County. 1971. Syracuse, New York 13202, for 
the Water Quality Offic·e of Environmental Protec
tion Agency. Onondaga Lake Study. Project 
#11060 FAE 4/71. 

Pennak, H. W. 1953. 
United States. 

Freshwater Invertebrates of the 
Ronald Press Co., New York. 769 PP• 

Pratt, n. M. 1943. Analysis of population development 
in Daphnia at different temperatures. Biol. Bull., 
851 116-140. 

Salazkin, A. A. 1966. On the effect of waterbody hum1-
f1cation upon the size, weight and some morpho
logical peculiarities of plankton crustaceans 
(Cladocera and Copepoda}. Zool. Zh., 451 1476-1480. 

Salazk1n, A. A., N. I. Volkhonskaya and E. P. Ustelentzeva. 
1968. The influence of acid swamp waters upon the 
main biological features 1n some Cladocera. Zool. 
Zh., 471 1151-11,54. 



Sharp, R. W. 1971. Road salt as a polluting element. 
Proceedings: Street Salting--Urban Water Quality 
Workship, May 6, 1971. PP• 70-73. 

Slobodkin, L. B.. 1954. Population dynamics in Daphnia 
obtusa Kurz. Ecol •. Mono., 24: 69-88. 

Smith, F. E. and E. R. Baylor. 1953. Color responses 
in the Cladocera and their ecological significance. 
Am. Nat., 87: 49-55. 

-28-

Tauson, A. 1930. Arch. f. Ent.-mech., 123: Bo. 

Thornton, K. W. and J. R. Sauer. 1972. Physiological 
effects of NaCl on Chironomus attenuatus (Diptera: 
Chironomidae). Ann. Entomol. Soc. Am., 65: 872-875.

Ward. E. B. 1940. A seasonal population study of pond 
Entomostraca in the Cincinnati region. Am. M1dl. 
Nat., 23: 635-691. 



APPENDIX A (TABLES) 

-29-



Table 1. Percent decrease in the mean number of total zooplankton from day 
zerq to the last day of each run. 

TEMPERATURE 

4c 

9c 

18C 

24C 

0 

61 

11 

26 

31 

SALINITY (ppm NaCl) 
500 1000 1500 

67 

60 

70 

40 

76 

59 

84 

0 

90 

87 

94 

93 

2000 

96 

96 

95 

70 

I 
w 
0 
I 



Table 2. Mean number of 

DAY 
0 

0 5.91 ± 1.57 

2 6.61 ± 0.90 

4 .5 • .50 ± 1.84 

6 3.75 ± 1.12 

8 4.08 ± 1.28 

10 4.16 + 0.93 

12 3.16 + 0.85 

14 3.08 ± 0.69 

16 2.58 ± 0.87 

18 2.25 ± o.86 

zooplankton per subsample at 4c with 95% confidence intervals. 

SALINITY 
500 1000 1500 2000 

4.91 ± 1.85 5.08 ± 1.i,;9 6.33 ± 2.22 7.33 ± 2.35 

5.00 ± 1.1i 6.oo ± 1.69 5.25 ± 1.:n 5.41 ± 1.26 

4.45 ±· 0.87 4.83 ± 1.08 '.3-91 ± 1.45 4.33 ± 1.36 

8.83 ± 1.11 3.1b ± 1.58 4.16 :±:. 0.89 3.25 ± 0.98 

3.66 ± 1.39 3.66 ± 1.54 3.00 ± 1.14 2.25 + 1.12 

3.41 ±: 1.26 2.91 + 0.92 2.25 ± 0.90 1.50 ± 0.87 

2.83 ± 1.04 3.58 ± 0.95 1.83 ± 0.71 :t.91 + 0.57 

1.83 ± 0,,89 3.66 + 1.25 0.91 ± 0.57 0.83 ± o.45 

2.83 ± 1.14 2.16 ± 1.01 0.25 ± 0.28 0.16 ± 0.25 

1.58 ± 0.69 1.16 ± 0.60 o. 66' ± o.42 0.33 :±:. 0.31 

I 
w .... 
I 



Table 3. Mean number of zooplankton per subsample at 

DAY SALINITY 
0 500 1000 

0 7.16 ± 4.11 7.00 ± 2.48 9.66 ±. 2.71 

2 5.50 ± 4.07 5.83 ± 2.03 7.00 ±. 2.39 

4 6.16 ± 3.21 4.60 ± 1.88 7.66 ± 1.72 

6 4.50 ± 2.17 5.50 + 2.27 4.oo ± 2.73 -
8 4.66 ± 3.36 6.33 ± 2.45 5.83 ± 2.24 

10 4.50 + 3.16 3.16 ± 1.55 4.66 ± 1.56 

12 3.50 ± 1.44 3.83 ± 2.60 5.33 ± 2.79 

14 4.oo ± 1.99 5.16 + 2.14 4.oo ± 1.7.5 

16 5.00 ± 1.32 5.00 ± 2.20 4.33 ± 0.54 

18 6.33 ± 2.26 2.83 ± 1.54 4.oo + 1.75 

9C with 95% confidence intervals. 

1500 2000 

10.33 ± 3.01 7.~o ± 2.59 . 
6.16 ± :3.14 6.16 ± 2.85 

4.83 ± 2.52 4.:n ± 1.s4 

3.66 ± 1.84 3.00 ± 2.09 

4.oo ± 2.48 2.66 ± 1.72 

3.83 ± 1.82 2.66 ± 1.27 

2.00 ± 1.32 1.00 ± o.66 

1.66 ± 1.96 1.66 ± 1.71 

1.66 ± o.86 1.33 ± 1.58 

1.33 ± o.86 0.33 ± 0.54 

I 
"-J 
I\) 

' 



Table 4. Mean number of zooplankton per subsample at 

DAY SALINITY 
0 500 1000 

0 3.14 + 1.64 4.14 ± 1.24 4.42 ± 1.84 

2 3.20 + 1.38 4.66 ± 1.92 4.81 .± 2.73 

4 5.08 ±. 1.68 4.66 ±. 1.42 4.33 + 1.63 

7 4.41 ±. 1.85 2.83 ±. 1.01 1.83 + 0.97 

9 2.33 .± 1.39 1.16 .± 0.60 o.66 ±. o.49 

18C with 95% confidence intervals. 

1500 2000 

4.85 .± 1.64 6.25 .± 2.55 

2.81 .± 1.12 4.63 ± 1.54 

3.25 ±. 1.43 ;,.25 .± 1.69 

0.91 ±. 0.57 o.42 .± 0.30 

o.~5 ±. 0.28 0.33 ±. 0.31 

I 
\,.) 
\..,,.) 

I 



Table 5. Mean number of zooplankton per 

DAY 
0 _500-

0 3.16 ± 2.52 3.00 ± 1.99 

1 4.16 ± 2.61 4.33 ± 2.45 

2 2.50 ± 1.10 3.00 ± 1.48 

3 2.33 ±. 1.08 3. 50 + 2 .07 

4 3.00 ±. 1.48 2.50 ± 1.LJ.4 

.5 1.16 ± 1.21 1.83 ± 1.68 

subsample at 

SALINITY 
1000 

1.66 ± 0.54 

2.16 ± o.43 

3.83 ±. 1.54 

1.66 ± o.86 

2. 50 ±. 2 .17 

1.66 ± 1.27 

24c with 95% confidence intervals. 

1500 2000 

2.66 ± 1.09 2.66 + 1.84 

1.83 ± 1.39 1.16 ± 1.38 

1.50 ± 1.45 1.00 ± 1.14 

1.00 ± 0.93 0.83 ± 1.03 

o.66 ± o.84 o.66 ± o.84 

0.16 ± o.42 0.83 ± 1.03 

I 
\...) 

~ 
I 



Table 6. Change rn mean percent composition of Copepods from day zero to the 
last day of each run. 

TEMPERATURE 

4C 

9C 

18C 

24C 

0 

-13 

-11 

-15 

-13 

SALINITY (ppm NaCl) 
500 1000 1500 2000 

-27 +1 +38 :t-19 

-20 -18 +16 +44 

+4 +15 +37 +61 

-19 +7 +67 +75 

I 
\.. 
\.. 
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Table 7. Mean percentage Copepoda at 4c with 95% confidence 1nterva1.s. 

DAY SALINITY 
0 500 1000 1500 2000 

0 51 • 12 ± 11 • 93 49.35 + 17.28 39.99 ± 18.86 54.74 ± 12.67 56.14 ± 10.06 

2 51.93 ± 13. 70 31.16 ± 13.73 37.86 ± 17.78 52.63 ± 16.67 52.11 ± 13.60 

4 39.90 ± 16.95 31.68 ± 21.66 46.27 ± 17.16 27.57 ± 16.75 65.41 ± 20.05 

6 47.12 ± 20.82 32.59 ± 19.50 30.55 ± 25.49 33.90 + 15.29 52.72 ± 16.63 

8 42.83 ± 25.11 25.11 ± 17.58 29.11 ± 25.06 J'.3. 33 ± 21.47 58,.33 ± 20.44 

10 47.63 ± 19.08 31.10 ± 16.50 23.61 ± 14.67 46.81 ± 29 • .05 30.55 ± 26.84 

12 57.77 ± 16.20 33.63 ± 23.54 46.76 ± 13.76 53.78 ± 28.72 59.72 + 26.49 

14 42.77 ± 15.63 38.63 ± 27.48 45.79 ± 20.25 52.08 + 38.93 68.75 ± 38.22 

16 38.63 + 22.31 15. 4 5 ± 11 • 47 73.83 ± 22.12 100.00 ± o.o4 100.00 ± 0.50 

18 38.33 + 25.67 2i.96 ± 23 • .55 40.74 +·32.78 92.85 ± 17.50 75.00 ± 54.49 -
I ......, 

°' I 



Table 8. Mean percentage Copepoda at 9C with 95% confidence intervals. 

DAY SALINITY 
0 500 1000 1500 2000 

0 53.78 + 38.35 66.26 ± 19.04 56.32 ±. 16.19 50.52 .:t 12.85 55.89 ± 2.S.66 

2 24.12 ± 27.84 53.37 ± 17.20 43.89 ± 24.52 39.07 ± 16.08 33.19 ± 21.07 

4 52 • 58 ± 15. 81 26.66 ± 34.67 48.25 ± 23.92 45.79 ± 32.84 61.94 ± 28.33 

6 46.52 .:t 27.43 35_.61 ± 19.59 57.52 ± 42.63 79.16 ± 23.09 -58.33 ± J?.J5 
8 54.44 + 7.55 48.33 ± 37.11 41.88 ± 32.50 49.61 ± 25. 91 51.66 ± 47.12 -

10 54.36 ± 29.54 31.38 ± 39.89 38.65 ±. 35.93 66.66 ± 29.26 85.00 ± 24.60 

12 36.11 + 23.24 29.02 + 26.00 32.77 ± 29.30 80.00 ± 40.69 100.00 ± 0.07 -
14 28.09 ± 24.29 31.94 ± 19.48 29.16 .:t .32.13 77.50 ± 41.81 100.00 ± 0.11 

16 41.58 .± 27.78 32.63 ± 25.10 44.16 ± 30.67 55.55 ± 40.89 87 • .50 + 39.74 

18 43.28 ±. 17.53 46.38 + 30.50 37.50 ± 24.57 66.66 ± 54.18 100.00 ± 0.50 

I 

""" -.J 
I 



Table 9. Mean percentage Copepoda at 

DAY 
0 500 

0 36.11 ± 23.24 21.08 ± 10.02 

2 26.66 ± 28.73 15.71 ± 18.50 

4 10.41 ± 9.87 10.01 ± 12. 50 

7 16.25 .± 18.41 3.33 ± 7.33 

9 20.66 ± 23.94 25.00 + 31.53 

18C with 95% confidence intervals. 

SALINITY 
1000 1500 2000 

27.34 ± 28.84 23.94 ± 21.58 14.37 .± 10.74 

13.12 ± 9.12 28.63 ± 20.83 3.40 ± 5.42 

27.10 ± 20.93 14.55 ± 20.32 4.09 .± 6.16 

29.62 ± 26.29 64.28 .± 44.04 100.00 .± 0.05 

41.66 ± 51.57 66.66 ±143.32 75.00 ± 79.49 

I 
\,.,.) 
(X) 
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Table 10. 

DAY 

0 

1 

2 

3 

4 

5 

Mean percentage Copepoda at 24c with 95% confidence intervals. 

SALINITY 
0 500 1000 1500 2000 

33.57 ± 26.56 55.55 + 40.89 33.33 ± 43.82 33.33 + 19.15 - 25.00 ± 43.89 

19.16 ± 23.5.5 42.36 ± 32.02 30.55 + 25.74 40.00 ± 52.00 44.44 ± 23.89 

27.77 ± 40.87 36.66 ± 25.22 39.16 ± 26.03 55.00 ± 63.69 66.66 ± 71.65 

55.55 ± 38.89 48.01 ± 40.32 47.22 ± 4?.45 37.50 ± 76.11 100.00 + o.o4 

33.33 ± 29.26 18.88 ± 34.37 22.50 ± 41.81 33.33 ±143.32 106.00 .± o.o4 

20.83 ± 49.74 36.66 ± 52.10 40.00 ± 68.09 100.00 + o.oo 100.00 ± 0.04 

I 
I..,) 
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Table 11. Mean percentage egg-carriers at 4C with 95% confidence intervals, 

DAY SALINITY 

0 

2 

4 

6 

8 

10 

12 

14 

16 

0 500 iooo 1500 2000 

18.40 + 9.24 22.26 + 15.01 32.52 + 17.02 13,31 + 7 .• 41 21.87 + 9.21 - - ":""" - -
23.23 ± 11.93 29.00 ± 12.16 24.78 .± 11.81 19.09 .± 15.15 14,96 ± 10.52 

33,75 + 11.05 41.32 + 13.32 28.37 + 11.71 31.21 + 15.49 21.80 + 18.65 - - - - -
24.69 + 17.72 30.57 + 23.71 40.40 + 22.12 33,57 + 11.56 11.36 + 9.13 - - - - -
25.02 + 12.42 25.38 + 15.94 24.40 + 17.61 13.48 + 13.17 17.50 + 16.94 - - - - -

9.30 ± 7,78 22.87 ± 13.60 42.08 ± 24.46 14.26 ± 16.89 44.44 ± 30.10 

9,20 ± 8.58 8.48 ± 10.24 15.27 ± 14.85 15.90 ± 21.63 14.58 + 19.69 

13.88 + 1;,42 9.09 ± 20.27 

16.66 ± 17.54 11.36 ± 20.40 

10.97 ± 11,42 

5.33 + 8,34 . -
o.oo ± o.oo 
o.oo ± o.oo 

o.oo ± o.oo 
o.oo ± o.oo 

18 10.00 ± 22.59 2.27 ± 5.07 5.55 ± 12.83 o.oo ± o.oo o.oo ± o.oo 

' +="' 
0 
l 



Table 12. Mean percentage egg-carriers at 9c with 95% confidence intervals. 

DAY 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

0 500 
SALINITY 

1000 1500 2000 

19.69 + lB.02 17.21 + 11.95 9.05 + 12.79 10.79 + 10.50 14.41 + 16.72 - - - - .... 
25.89 ± 38.69 17.36 ± 25.70 10.40 ± 14.41 23.88 ± 41.J9 5.00 ± 12.84 

15.97 .± 15.74 26.66 ± 23.62 4.62 + 7.73 13.65 .± 13.29 11.11 ± 21.17 

9.72 .± 16.04 17.65 .± 19.54 15.23 ± 26.26 10.00 ± 25.69 13.33 .± 27.01 

o.oo + o.oo 9.81 ± 11.42 26.34 ± 19.15 22.52 ± 19.69 8.33 ± 21.41 

1.85 ± 4.75 4.16 ± 10.70 16.19 + 23.42 6.9~ ± 11.61 14.99 ± 24.59 

19.44 + 23.23 8.33 ± 21.41 16.11 + 18.55 6.66 ± 18.52 o.oo ± o.oo 
14.88 ± 20.98 10.27 ± 12.12 12.49 ± 15.38 12.50 ± 39,74 o.oo + o.oo 

19.04 ± 18.93 12.50 ± 11.94 15.83 ± 13.03 8.33 ± 21.41 12.50 + 39.74 

11.87 ± 12.84 8,88 ± 15.10 23.61 + 26.18 16.66 ± 42.82 o.oo + o.oo 



Table 13. Me~n percentage egg-carriers at 18C with 95% confidence 

DAY SALINITY 
0 500 1000 1500 

0 36.11 ± 23·.24 38.60 ± 10.22 44.99 ± 33.48 34.55 ± 19.16 

2 21.66 + 15.93 28 •. 49 ± 16.43 48.11 ± 19.55 14.39 ± 14.19 

4 40.18 ± 19.99 35,27 ± 19.1.5 53.63 ± 21.47 24.78 ± 16.11 

7 6.11 ± 7 • .32 o.oo + . - o.oo :-;.70 ± 8.55 21.42 ± 36.42 

9 o.oo ± o.oo o.oo ± o.oo. o.oo ± o.oo o.oo + o.oo 

1~.tervals. 

2000 

42 • .50 ± 22.86 

12. 06 ± 10 • .34 

8.11 + 10.84 

o.oo ± o.oo 

o.oo ± o.oo 

I 
~ 
I\) 

I 



Table 14. Mean percentage egg-carriers at 24C with 95% confidence intervals. 

DAY SALINITY 
0 500 1000 1500 2000 

0 o.oo + o.oo o.oo ± o.oo o.oo ± o.oo o.oo ± o.oo 2.77 ± 7.1.3 

1 o.oo ± o.oo o.oo ± o.oo o.oo ± o.oo o.oo + o •. .oo o.oo ± o.oo 
2 o.oo ± o.oo 6.66 ± 17.12 6.94 ± 11.61 o.oo ± o.oo 33.33 ± 71.66 

3 o.oo + o.oo 2.38 ± 6.11 5.55 + 14.2? 12.50 ± 39.74 o.oo ± o.oo 

4 11.11 ± 28.55 o.oo ± o.oo 8.33 ± 26.49 d.oo ± o.oo o.oo + o.oo 
" -

5 o.oo ± o.oo o.oo ± o.oo o.oo + o.oo o.oo ± o.oo o.oo ± o.oo 



Table 1.5. The composition of the community (in percent) 
at the beginning of each experiment. 

TEMPERATURE 

4c1 9c2 1Bc3 24C4 

Cladooera 49.6 43.6 75.8 62.0 
Daphnia 6.8 23.6 7.3 58.2 

witn eggs o.6 3.2 o.6 1.3 
without eggs 6.2 20.4 6.7 56.9 

Cer1oda:Ehn1a 16.0 4.4 68.5 o.o 
with eggs 3.1 o .. s 37.6 o.o 
without eggs 12.9 3.6 30.9 o.o 

Chydorus 0.3 13.6 o.o 2.5 
with eggs 0.3 7.2 o.o o.o 
without eggs o.o 6.4 o.o 2.5 

Bosmina 26.5 2.0 o.o 1.3 
with eggs 17.5 a.a o.o o.o 
without eggs 9.0 1.2 o.o 1.3 

Copepoda 50.4 .56.4 24.2 38.0 
cyclopoid 9.6 28.8 13.3 10.1 

with eggs o.o 1.2 1.8 o.o 
without eggs 9.6 27.6 11.5 10.1 

diaptomid 40.6 2.8 6.7 3.8 
with eggs o.8 o.o o.o o.o 
without eggs 39.8 2.8 6.7 3.8 

harpact1oo1d o.o 5.6 o.o o.o 
naupl11 0.3 19.2 4.2 24.1 

~Calculated from a sample of 355 zooplankton. 

3calculated from a sample of 250 zooplankton. 
4caloulated from a sample of 165 zooplankton. 

Calculated from a sample of 79 zooplankton. 
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Figure 1o Total zooplankton growth curves at four different temperatures and 
five salinity changeso Each growth curve consists of the mean number of 
zooplankton per sample (with 95% confidence intervals) plotted against time 
(in days). 



4C 

tl.l 
Q 
0 

9c fr3 
p.. 
0 
0 

f:il 
c:, 

IQ 

18c ~ ~ 
f:il .. 
0 

re 
24C • ~ 

.. .. 10 16 Q 5 10 ,, .. .. 
TIME (DAYS) 

0 PPM .500 PPM 1000 PPM 1500 PPM 2000 PPM 

Figure 2. Changes in the percentage of the community composed of Copepods 
with respect to time at four temperatures and five salinities. Each curve 
consists of ·the mean percentage of the community composed of Copepods (with 
9.5% confi.dence intervals) plotted against time (in days). 
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Figure.J. Relationship between total zooplankton growth curves (solid line) 
and changes in the percentage of the community composed of Copepods (broken 
line). This figure is a composite of Figures 1 and 2. 
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Figure 4. Changes in the percentage of the community carrying eggs or 
young with respect to time at four temperatures and five �alinities. 
Each curve consists of the mean percentage of the community composed 
of "egg-carriers" (with 95% confidence intervals) plotted against time 
(in days). 
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Figure 5. Relationship between total zooplankton growth curves (solid line) 
and changes in the percentage of the community composed of "egg-carriers" 
(broken line). This figure is a composite of Figures 1 and 4. 
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