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Predator-prey interactions, as measured by the consumption

and growth rates of a predator (Micropterus salmoides) and by the

observed activities of both predator and prey (Gambusia affinis),

were found to be sensitive to sublethal levels of ammonium chloride

(reported as unionized ammonia NH3).

One bass and 15, 30, 60 or 1 20 mosquitofish were placed in

each of 13 150 liter aquaria, designed with uniform cover for the

prey, and allowed to interact for ten days. These prey densities

were maintained by restocking every 24 hours, thus providing a wide

range of food availability for the predators. Experiments were first

run without adding ammonium chloride in order to establish baseline

responses of both predators and prey. The system was then exposed

to a range of toxicant concentrations from 0.13 mg/I to 0. 86 mg/1

NH3.
Responses of predators and prey were measured and compared

to the baseline data.
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Consumption and growth rates of the unexposed bass increased

with increasing prey densities. Consumption rates ranged from one

to ten percent of mean dry weight of bass per day, growth rates from

a loss of two percent to a gain of three and one-half percent of mean

dry weight of bass per day. Exposure to low levels of
NH3

had no

observable effect on the interactions. When exposed to toxicant con-

centrations higher than 0.34 mg/1 NH3, substantial decreases in

consumption and growth rates were found for bass in experiments

with prey densities above 15. These deviations from the baseline

correlated well with prey density in that the effects were greatest at

high prey densities where the bass were being continuously harassed

by the mosquitofish. The utility of this type of bioassay approach to

aquatic pollution is discussed.



Predator-Prey Interactions Under
the Influence of Ammonia

by

Daniel Mark Woltering

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1976



APPROVED:

Research Associa,t4
in charge of major

Head of Department of Fisheries and Wildlife

Dean of Graduate School 0

Date thesis is presented April 9, 1976

Typed by Opal. Grossnicklaus for Daniel Mark Woltering

Redacted for privacy

Redacted for privacy

Redacted for privacy



ACKNOWLEDGEMENTS

I wish to thank my major professor, Dr. James L. Hedtke for

providing me with the opportunity to pursue this advanced degree; and

for his guidance, encouragement, and friendship throughout the past

two years.

Dr. Lavern J. Weber provided a unique atmosphere for both

professional and personal achievement which took this learning experi-

ence well beyond that which I had envisioned upon entering the gradu-

ate program. For this I am both fortunate and indebted.

I gratefully acknowledge Dr. Charles E. Warren and Dr. Gary L.

Larson for their criticism and advice in the preparation of this thesis.

A special thanks to the students and staff at the Oak Creek

Laboratory of Biology for their friendships, ideas, and assistance

which were invaluable in this endeavor.

Special appreciation is extended to my wife, Kim, for her

enthusiasm and assistance.

This research was supported by Supplerpent No. 127 to the

National Memorandum of Understanding between Oregon State Uni-

versity and the Pacific Northwest Forest and Range Experiment

Station.



TABLE OF CONTENTS

Page

INTRODUCTION 1

MATERIALS AND METHODS 6

RESULTS 15

DISCUSSION 34

BIBLIOGRAPHY 42

APPENDICES 45



LIST OF FIGURES

Figure Page

la. Consumption rates of juvenile largemouth bass as a
function of prey density. Two sizes of bass in ten-
day predator-prey interaction experiments.

lb. Growth rates of juvenile largemouth bass as a func-
tion of prey density. Two sizes of bass in ten-day
predator-prey interaction experiments.

2. Relationship between growth rates and consumption
rates for two sizes of juvenile largemouth bass in
ten-day predator-prey interaction experiments.

3a-f. The distribution of Gambusia in the experimental
tanks as related to prey density and unionized
ammonia (NH3) concentration through ten days of
predator-prey interactions.

Consumption rates of juvenile largemouth bass as a
function of prey density for five, ten-day predator-
prey interaction experiments exposed to one of four
levels of ammonia (NH3) or with no ammonium chlor-
ide added (controls).

Growth rates of juvenile largemouth bass as a function
of prey density for five, ten-day predator-prey inter-
action experiments exposed to one of four levels of
ammonia (NH3) or with no ammonium chloride added
(controls).

Relationship between growth rates and consumption
rates for juvenile largemouth bass in five, ten-day
predator-prey interaction experiments exposed to
one of four levels of ammonia (NH3) or with no am-
monium chloride added'(controls).

Relationship between consumption rates of juvenile
large-mouth bass and unionized ammonia (NH3) con-
centrations for each of four prey densities in ten-day
predator-prey interaction experiments.

17

17

18

23

25

28

29

32



Figure Page

8. Relationship between growth rates of juvenile large- 33
mouth bass and unionized ammonia (NH3) concentra-
tions for each of four prey densities in ten-day
predator-prey interaction experiments.



LIST OF TABLES

Table Page

1. Temperature, pH, dissolved oxygen, total ammonia
(NH3+NH4+), and unionized ammonia (NH3) for each
of the interaction experiments. 13



PREDATOR-PREY INTERACTIONS UNDER THE
INFLUENCE OF AMMONIA

INTRODUCTION

A concerted research effort in aquatic biology has attempted

to deal with the effects of man-dispersed toxic compounds in the

aquatic environment in order to predict and eventually require "safe"

water quality levels for aquatic life. The determination of lethal

toxicity levels of pollutants as related directly to the physiological

functions of individual organisms has received the most attention.

The methodology for tests of acute toxicity bioassays using fish and

the interpretation of the results has attained a relatively high level

of standardization (Sprague, 1973). Some percent of the median

lethal concentration (LC50) is often used in estimating "safe" concen-

trations of a toxicant.

The importance of applying the existing knowledge in aquatic

biology to toxicity tests involving sublethal level exposure and subse-

quent change in responses (including: growth, reproduction, swim-

ming performance, and behavior) was discussed by Sprague (1971).

Warner (1967) suggested the application of existing knowledge in the

behavior fields to bioassays using behavioral change as an indicator

of sublethal toxicity. Difficulty in interpretation arises when test

results do not clearly demonstrate how behavioral changes may be



deleterious to an organism. As the normal range of interacting of

organisms with their environment is better understood, we can sug-

gest ecological meaning in observable changes resulting from expo-

sure to sublethal levels of toxicants and p.redict how this change might

reduce the chances of the organism to be successful in its environ-

ment. Changes in predator-prey interactions that have direct and

important implications with respect to animal distribution and abun-

dance may be sensitive and meaningful indicators of sublethal toxicity.

Exposing an organism to sublethal levels of a toxicant may change

the interactions of coexisting and dependent species, and be as detri-

mental to an organism's success as is exposure to lethal concentra-

tions of the same toxicant. Goodyear (1972) has shown that exposing

mosquitofish (Ga.mbusia affinis) to a sublethal level of ionizing radia-

tion causes abnormal behavior resulting in increased mortality from

predation. In a similar test situation, the ability of mosquitofish

to avoid predation by bass was impaired after the former had been

exposed to sublethal mercury concentrations (Kania and O'Hara,

1974).

The main objective of this study was to determine, through

direct measurements of food consumption and growth of a predator

and observations on the behavior of a predator and its prey (preda-

tor's ability to capture prey and the prey's ability to avoid predation),

how their social interaction might change from exposure to a range
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of physiologically sublethal levels of a toxicant. Observed changes

should indicate the importance of applying bioassay techniques to

predator-prey interactions in any attempt at predicting the effects of

a physiologically sublethal level of toxicant on the success of the

organisms in a natural community.

Maintained prey densities (system regulated rations, dependent

in part upon the cover available to the prey) and ambient toxicant

concentrations were designated as independent variables. To obtain

individual consumption rates and to eliminate the intraspecific inter-

actions found in multi-predator situations, only one predator was

used in any one interaction test tank.

The consumption of prey by a predator is in part dependent upon

prey density. Changes in the number of prey consumed by an indi-

vidual predator as a response to changes in prey density has been

termed the "functional response" (Solomon, 1949). The form of

this response has been studied extensively by Holling (1959a, 1963,

1966) in developing his experimental components analysis of preda-

tion, and by others including Glass (1970), Ware (1972) and Murdoch

(1970, 1973). In theory, as prey density exceeds that number which

the available cover can support, a predator's consumption rate

should increase as a function of prey density up to a point where the

summed handling time of individual prey becomes limiting. This

maximum consumption is equivalent to R in Ivlev's (1961) equation



-Kdescribing the foraging of fish: r = R(1-10

4

) where r = consumption

rate (daily ration), R = maximum food an individual could consume,

p = food density, and K = coefficient of proportionality. If predator

density is held constant, this model describes in part the effect of

prey density on consumption by a given predator. The dimensions

of the experimental system used in this study eliminate or control

the effects of other influential factors in predator-prey interactions

found in nature; these include alternate foods available to the preda-

tor, predator density, exploitation of the predator, competition, and

food for the prey. Inherent variability with respect to differences

between individual predators or between prey is reduced by selecting

test animals from homogeneous populations, each having a given

physical and social developmental environment.

Priorities in selecting the toxicant were given to its ease of

handling in a laboratory experiment and one to which consumption,

growth, and observable behaviors could be sensitive indicators of

exposure to sublethal levels. Ammonia, a common and important

constituent of many industrial, agricultural and virtually all sewage

effluents, was used as a tool for studying the changes in predator-

prey interactions. The acute toxicity of ammonia to fish has been

extensively studied and some sublethal effects especially in regard

to pathological changes (liver and kidney damage, gill damage, di-

uretic response, and increased metabolic products), growth and



consumption have been reported (review in EIFAC, 1970; Phillips

et al., 1949, 1950; Robinson-Wilson and Seim, 1975).



MATERIALS AND METHODS

Juvenile largemouth bass (Microptexus salmoides) were ob-

tained from a Pennsylvania fish farm (Zetts Fish Farm and Hatcher-

ies, Drifting, Pa. ) approximately one year prior to the start of the

study. Mosquitofish. (Gambusia affinis) were collected, not less than

one month before each experiment, from a local population which is

subject to predation by fish including largemouth bass. Both groups

of test fish were acclimatized to controlled laboratory conditions

similar to the test conditions in water quality, temperature, and

photoperiod. During this period the bass were maintained on a diet

of Gambusia and Oregon Moist Pellet; Gambusia were fed dry Purina

Trout Chow. Much literature is devoted to the biology of these eco-

nomically important species (bibliography of largemouth bass -

Heidinger, 1975; references on mosquitofish - Martin, 1975). Both

species are hardy and lend themselves well to laboratory test situa-

tions. All the bass were between 9. 7 and 11.3 centimeters in length

at the beginning of the experiments. This size seemed compatible

with the dimensions of the experimental aquaria. Also, bass in this

life stage should have had the capacity to grow rapidly in a relatively

short period of time. Gambusia of a size able to be handled by the

bass averaged 2. 5 cm total length and 0.145 g wet weight or ap-

proximately 0. 033 g dry weight.

6



Predator-prey interaction experiments were carried out in 13

all-glass aquaria (1 22 cm long x 46 cm wide x 41 cm high). Each

was covered on three sides with white plastic to eliminate visual

contact between test tanks. Continuous water exchange was main-

tained with inflow below the surface on one end and a surface over-

flow on the opposite end of each aquarium. Water depth was 28 cm

on top of 5 cm of pea gravel substrate giving an utilized water volume

of 1 57 liters. Refuge areas for the mosquitofish were provided by

two fiberglass screen shelves measuring 20 cm long, 46 cm wide and

1. 3 cm thick. One was positioned at each end of the aquarium angling

to a depth of 2 cm below the water surface contacting the sides of the

tank (Appendix I).

Preliminary experiments were conducted to determine the

cover capacity of the shelves for the prey. One largemouth bass

and either 20, 40, 60, 80 or 100 Gambusia were stocked in duplicate

test tanks. Numbers of surviving Gambusia were recorded and

plotted against time daily for ten successive days. The number

surviving ten days of predation gives an indication of the cover ca-

pacity of the shelves for the prey and therefore the approximate avail-

ability of prey to the predator within the dimensions of the experi-

mental set-up (Goodyear, 1972).

The toxicant dosing apparatus was a modified design of the

continuous-flow dilution apparatus described by Chadwick et al. (1972)
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(Appendix I). Well water, thermostatically maintained at 25°C and

aerated to prevent gas supersaturat on, was mixed with a concen-

trated stock solution of ammonium chloride and delivered to ten of

the 13 experimental tanks. For each ten-day experiment, the concen-

tration of toxicant delivered was the same for all aquaria. The re-

maining three tanks served as controls and received well water with-

out toxicant. Total flow into each tank was 400 ml/min yielding a 99

percent _replacement in 30 hours (Sprague, 1973). One 15 watt day-

light fluorescent tube, 46 centimeters in length, was suspended 33

centimeters above the surface of the water; daily photoperiod was

adjusted to 16 hours of light.

Five predator-prey interaction experiments were carried out

between August 4 and November 21, 1975. Largemouth bass and

mosqu.itofish of approximately the same relative size were stocked

in the experimental aquaria and allowed to interact for ten days.

Food consumption rates (milligrams of Gambusia consumed per

gram of mean weight of bass per day) and average relative growth

rates (milligrams of weight change of bass per gram of mean weight

of bass per day) were calculated for each bass (Warren, 1971).

Exposure to ammonia resulted in increased absorption of water by

the bass. Wet weight to dry weight relationships indicated water

weight gains of up to nine percent for exposed bass in ten days.

Therefore, dry weights of both bass and Gambusia were used in the

calculations. Daily observations were made on the behavior (activity)

of both predator and prey.



Prey were stocked at 15, 30, 60 or 120 per test tank. These

densities were selected based on: 1) the shelves' cover capacity

estimate of ten Gambusia (for the low prey density) and 2) a geo-

metric increase of the higher densities to maximize the range of food

availability resulting in a potentially wide range of consumption and

growth rates used to define the functional response. Bass and

Gambusia were deprived of food for 24 hours prior to weighing at

the start of an experiment. The fish were anesthetized with tricaine

(MS222); initial weights and lengths were recorded for each bass and

initial weights for each group of Gambusia (group size was the num-

ber of Gambusia to be stocked in each test tank). Initial wet weight

to dry weight relationships were established for the bass throughout

+thefour-month study. A conversion equation Y. 0.3789 (x.)

(-1.1714) was fit to the data using linear regression analysis (r=. 96).

Using this relationship, initial dry weights of the test bass were

calculated and used in determining consumption and growth rates.

Eight aquaria were designated as exposed (receiving toxicant)

test tanks, two as exposed acclimatization tanks, two as control test

tanks and one as a control acclimatization tank. Gambusia were

stocked in appropriate tanks approximately 18 hours after being

anesthetized and two hours prior to the stocking of bass. One bass

was randomly assigned to each test tank four to five hours after being

anesthetized and weighed; their introduction into the tanks was
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designated as time zero for the experiment. Duplicate test tanks were

run for each prey density with intensional mixing of location of the

tanks within the laboratory. Two of the four prey densities were run

as internal controls (unexposed tanks used as checks on baseline re-

sponses) for each of the experiments, alternating 15 and 60 with 30

and 120 in every other experiment. Initial prey densities were main-

tained throughout each experiment by restocking Gambusia at 24-hour

intervals. Counts of surviving prey were made each 24 hours and the

location of the Ciambusia in each tank was recorded. These Gambusia

were restocked from the appropriate acclimatization tank: exposed

restocks from the exposed acclimatization tanks, and control restocks

from the control acclimatization tank.

Exposed Acclimatization Tank No. 2 held enough Gambusia at

time zero to restock the exposed test tanks for ten days. Exposed

Acclimatization Tank No. 1 was originally stocked with approximately

75 Gambusia and the exposure test tanks were restocked from this

tank. Following the restocking of test tanks each 24 hours, additional

restocks from Exposed Acclimatization Tank No. 2 were placed in

Exposed Acclimatization Tank No. 1 for the subsequent restocking of

exposure test tanks 24 hours later. This procedure was continued

throughout the ten-day experiment. Theefore, restocks were

acclimatized to the experimental conditions (test tank and toxicant)

from time zero. There was no predator in Exposed Acclimatization
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Tank No. 2, however, the 24 hours that all restocks were held in

Exposed Acclimatization Tank No. 1 (with a bass) prior to placement

in the exposed test tanks was found to be enough time to acclimate to

the predator thus minimizing the chance of increased consumption in

test tanks due to restocking of naive prey. Because the number of

Gambusia needed to restock the two control test tanks for ten days

was considerably less than for the eight exposed tanks only one con-

trol acclimatization tank was deemed necessary and the Gambusia

were restocked directly from this tank. The initial density of prey

in this acclimatization tank was greater than 1 10 but did not appear

to change the avoidance reactions of the prey to the predator in the

test tanks. Small amounts of the dry trout chow were floated over

the shelves in all tanks on days three, six and nine providing food

for the Gambusia.

After ten days a final count was made on surviving Gambusia.

These Gambusia were removed, final length and weight recorded,

and the fish were sacrificed for dry weight analysis. A mean value

for initial and final dry weights was used in all calculations of con-

sumption and growth. Bass were left in the test tanks an additional

24 hours to allow time for clearing of the GI tract; final lengths and

wet and dry weights were obtained for each fish (Appendix II).

Water, temperature, pH and total ammonia were measured

daily in each aquarium. Dissolved oxygen was measured once in
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each tank during each of the five experiments. Mean values of these

physical and chemical parameters are given in Table 1. An Orion

ammonia electrode (Model 95-10) and digital pH meter (Model 801A)

were used to assay ammonia levels (as NH3) in the exposed tanks.

Orion 100% Volume Corrected Grants Plot Paper was used to convert

the electrode potential (MV) to total ammonia in the sample (Orion

Research Inc., 1970). It has been demonstrated that unionized

ammonia
(NH3

) is responsible for the toxicity of ammonia solutions

to fish (Wahrmann et al. , 1947; Wuhrmann and Woker, 1948; Downing

and Merkens, 1955). Based on temperature and pH in the test tank,

the percent unionized ammonia was calculated using the formula:

100percent unionized ammonia - 1 + antilog (pKa-pH)

(where pKa of ammonia at 25° C is equal to 9. 25) (EIFAC, 1970).

The reported unionized portion of a sample was then a calculated

percentage of the total ammonia value derived using the assay tech-

nique (Table 1). Lloyd and Herbert (1960) have suggested that if the

pH in the gill cavity of a fish is lower than that of the surrounding

water (CO2 increase with respiration) then the unionized fraction of

ammonia would be lower than that calculated from the pH of the

solution. Because most ammonia is believed to be absorbed through

the gills, actual exposure could have been to a lower concentration

of unionized ammonia than reported.



Table 1. Temperature, pH, dissolved oxygen, total ammonia (NH3+NH4+), and unionized ammonia (NH3) for each of the interaction experiments.
Values are means of all test tanks for ten days; except for dissolved oxygen which are means of all test tanks for one day.

*Standard deviation.

Experiment
Temperature

oc pH
Dissolved oxygen

(mg/1)
Total ammonia

(mg/1 NH3+NH4+)

Unionized ammonia
(mg/1

NH3)

1 24. 6 (0.4*) 7.66 (0.05) 7.4 (O. 1) 2'0. 07 0. 002

2 24. 5(0.8) 7. 64 ( 0.06) 6.0 (1. 3) 4. 85 (0.69) O. 13 (O. 03)

3 23.7 (0.3) 7.47 (0.11) 6.3 (1.2) 20.46 (0. 92 ) 0. 34 (0.09)

4 24.7 (0.3) 7.45 (0.16) 6.5 (1. 0) 45.07 (1. 99 ) 0.63 (0.07)

5 24.9 (0.3) 7.62 (0.10) 37.42 (1.96) 0.86 (O. 15)
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Ten-day acute bioassays were conducted according to methods

outlined by Sprague (1973) to measure the relative sensitivities of

bass and Gambusia to ammonium chloride solutions and to determine

sublethal levels of ammonia for use in the interaction experiments.



RESULTS

In order to quantify changes in a predator's consumption and

growth, while varying prey density and ambient unionized ammonia

concentration, a baseline response was established. This baseline

response represents the consumption rate and average relative growth_

rate of a predator with one of four densities of prey available through

ten days of interaction without the addition of an ammonium chloride

solution. These responses were designated as controls. Experiment

No. 1 generated seven control responses and experiments No. 2, 3,

4 and 5 each generated two internal control responses. These inter-

nal controls were intended to detect changes in the baseline response

through time (August to December) in order to validate comparison

of the responses of preCators in ammonium chloride experiments

to responses in the initial control experiment (No. 1).

Initial sizes of all bass were kept as close as possible within

and between experiments. The bass were growing slowly in the

holding facilities and a difference in size was found between the bass

in the early experiments No. 1 and 2 (mean initial dry weight of bass =

3. 26±0.30 g) and those in the later experiments No. 3, 4, and 5

(mean initial dry weight = 4.45 ±0. 41g): a 30 percent weight differ-

ence in the control fish through time, 25 percent in exposed and 27

percent overall. Smaller fish would be expected to be more efficient

15
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in converting food into growth than would larger fish of the same physi-

ological age and raised under similar conditions (Warren, 1971). The

relationships between prey density, food consumption, and growth for

the individual bass in the initial control experiment and the internal

controls in the ammonium chloride experiments are presented in Fig-

ures la, lb, and 2. An increase in consumption rate as a function of

increasing prey density (availability) was evident, with the larger bass

(control B) having higher consumption rates than the smaller bass

(control A) at the middle prey densities (Figure la). Large bass were

possibly more effective predators in this system; the size of the

Gambusia as a food item may also be a factor in this situation. These

differences might not be as influential at prey densities of 15 or 120

where approximately five Gambusia were available to the bass at any

time (based on the estimated cover capacity of the shelves being equal

to ten Gambusia) or where the handling time was very high with a bass

consuming up to ten percent of its body weight, 30 Gambusia or more,

per day. There was also a corresponding increase in growth rates

with increased prey density (Figure lb). As expected, the smaller

bass grew at a higher rate relative to their mean body weight. The

relationship between consumption rate and average relative growth

rate is presented in Figure 2 where a higher utilization efficiency of

food consumed for growth was evident in the smaller bass. The

maintenance ration was 20 mg/g/day for the smaller fish and near
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45 mg/g/day for the larger fish. The increase in the maintenance

cost on a per gram basis of a larger fish would explain this difference.

It seems apparent from these relationships that comparison of

the responses of bass exposed to ammonium chloride should be made

with respect to initial size of the predator. Responses of exposed fish

in experiment No. 2 will be compared to control A (small bass) and

responses of exposed fish in experiments No. 3, 4, and 5 to control B

(large bass). Factors other than predator size which might have been

involved in the observed differences between the control responses

would be largely accounted for using this comparison procedure.

A series of four experiments were run exposing predator and

prey to physiologically sublethal concentrations of ammonium chloride

in order to measure the sensitivity of predator-prey interactions to

this toxicant. Unionized ammonia concentrations of 0. 15, 0. 30, 0. 60,

and 1. 00 mg/1 (NH3) were selected as the test range based on results

of preliminary acute bioassays. The lowest level of unionized am-

monia found toxic to bass (20 percent mortality in a ten day continuous-

flow bioassay) was approximately 1. 3 mg/1 (NH3); exposure to 3. 3 mg/

1
(NH3) resulted in 100 percent mortality of the bass in ten days, but

was not toxic to Gambusia in a parallel series of tests.

Observations on the behavior of bass and Gambusia in the ex-

posed interaction experiments supported the differential sensitivity

of bass and Gambusia predicted from the acute toxicity bioassays.
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Bass activity, including swimming speed and stability in movement,

attacks directed toward the prey, and opercular movement, appeared

to be affected by these ammonia levels. Gambusia activity did not

appear to change. The Qambusia moved to the surface and onto the

shelves with the onset of attacks by the bass. An increased propor-

tion of the Gambusia at lower prey densities were able to effectively

avoid the bass by utilizing the shelves as cover_ At the two highest

levels of ammonia, predatory activity of the bass often ceased and the

Gambusia began chasing and nipping the bass. This unexpected and

dramatic change in the roles of the predator and prey was highly

correlated with both unionized ammonia concentration and prey den-

sity. In six exposure test tanks the bass died within ten days; continu-

ous harassment by the Gambusia was observed in all six cases and

may have been a contributing factor.

It was observed in the control test tanks that the usual response

of the Gambusia when confronted with a bass was an attempt to escape

or to avoid the bass. In this study, a valid, quantifiable behavior of

the prey (involving this interaction) in the presence of an active preda-

tor would be the distribution of the prey in the tank. The distribu-

tions of Gambusia in each of the experiments as functions of prey

density and ambient unionized ammonia concentration, through ten

days of interaction are presented in Figures 3a through 3e. Preda-

tory activity is an integral part of the representation. In order to
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quantify the distribution of the prey, daily observations were made

and given a numerical value: 2 = Gambusia free swimming throughout

the tank, 4 = Gambusia located near the surface, and 6 = Gambusia

occupying only the area above the shelves. The complete "index of

spatial segregation" is given in Appendix III. In order to decrease the

potential variability with respect to the times at which the bass were

feeding, observations were made at the same time each day through-

out the experiments. Photographs of the distribution of prey in the

test tanks, and of bass and Gambusia behavior are included in Appen-

dix IV.

Duplicate test tanks with respect to prey density and ammonia

levels gave two observations of prey distribution each day for the

exposed tests and up to four observations for any one time period for

the control tests. All of the internal controls were included with

control experiment No. 1 because the size of the bass did not have

an apparent influence on the Gambusia distribution. For graphical

purposes, Gambusia distribution noted for any one time period was

then scored as the mean value for all tanks having similar test condi-

tions (example: time 1, density 15, 0. 13 mg/1 NH3 gave (6+6)12=6).

This scoring procedure leads to the additional numerical values, 3

and 5, which are undefined in terms of observed distribution of the

prey (example: time 1, density 30, 0. 13 mg/1 NH3 gave (6+4)/2=5

These values represent some of the inherent variability between
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"similar conditions" in that one half of the tanks observed under any

one set of conditions showed the higher value for the spatial segrega-

tion, the other half showed the lower value. Each mean value of

Gambusia distribution was plotted on a graph at the corresponding

ammonia level, prey density, and time (Figure 3f). The lines on

the graph were drawn separating groups of like values and extrapo-

lations were made between adjacent values on both the prey density

and the time axes. The enclosed areas on each of the five graphs

represent the distribution of Gambusia through time at each prey

density for each of the four ammonia levels and for the controls.

One can then look at the consumption and growth. rates of a particular

bass and have available the information on the distribution of prey in

the corresponding test tank.

Note the distribution of the prey through the ten days looking

at both the differences between the four prey densities and how the

differences change at increasing unionized ammonia levels. In the

control test tanks (Figure 3a) the Gambusia occupied the area above

the shelves (high degree of spatial segregation) throughout most of

the experiments. Gambusia at the lower densities were observed

having this distribution earlier in the ten days. At the 0. 13 mg/1

(NH3) exposure level (Figure 3b) a pattern similar to the controls

was developed, but the Gambu.sia at densities 30 and 60 occupied the

area above the shelves sooner than did the control group. In
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Figure 3c, exposure to 0. 34 mg/1 (NH3), the Gambusia at a prey

density of 60 were near the surface and those at prey density 120 were

free swimming through most of the ten days. Only the Gambusia at

the two lower densities occupied the shelf area. At the highest am-

monia levels (Figures 3d and 3e) there was an increasing occurrence

of free swimming in test tanks with low prey densities. Gambusia

in tanks having a prey density of 15 occupied the shelf area but not as

early in the experiments as did those in the control experiment or in

the two experiments with lower level exposure to ammonia. Attention

will be drawn to corresponding areas on these graphs as the data on

consumption and growth of the predators are presented.

In each interaction experiment duplicate test tanks were run

for each prey density. Consumption and growth rate data for indivief-

ual bass are plotted in Figures 4 through 8. Curves connecting the

points were fit by eye and the identities for each curve are noted.

Figure 4 represents the consumption rates of individual predators

as a function of prey density. The identities on the curves are ambi-

ent unionized ammonia concentrations. The vertical axis is split to

facilitate comparisons of responses from experiments having bass of

similar initial mean weights. Controls A and B are those in Figure

la. Consumption rates of the bass exposed to 0. 13 mg/1 NH3 were

slightly higher than control A bass, however, individual responses

overlap in three of the four prey densities. Consumption rates were



100

Control A (small bass)
.6, 0.13 mg/I NH3

Control B (large bass)
0.34 mg/1 NH3
0.63 mg/1 NH3
0.86 mg/1 NH3

25

0̂

cp

a)

0
X

0

1

80

60

40

20

0 0

80

60

15 30 60 120

Prey Density (per tank)
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experiments exposed to one of four levels of ammonia (NH3)
or with no ammonium chloride added (controls). The
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weight = 4.45 ± O. 41 g.
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also slightly higher at the 0.34 mg/I (NH3) level compared to control

B with overlapping at prey densities 30 and 60. At prey density 120

the consumption rate was well below the controls (note in Figure 3c

that the Gambusia at density 120 were free swimming through most

of the ten days). The negative slope of the curve indicates a decrease

in consumption rate with an increase in prey density. A similar

series of responses was seen at the 0. 63 mg/1 (NH3) level, with sub-

stantially lower consumption rates than the controls at prey densities

of 30, 60 and 120. The bass were observed being chased and nipped

by Gambusia in both tanks at the 60 and 120 prey densities and in one

tank at the 30 prey density. Two bass died within the ten days, one

at a prey density of 60 and one at 120. At the 0.86 mg/1 (NH3) level

the same proportion of bass were observed being chased by the

Gambusia, however, both bass at prey densities of 60 and 120 died

during the experiment. Consumption rates of the bass in tanks with

prey densities of 15 were similar in both exposed and unexposed tests,

however, the observed trend at increasing prey densities was a

steady decrease (below that of the controls) in consumption rates as

the ammonia levels went from 0. 34 mg/1 (NH3) to 0. 86 mg/1 (NH3).

At the three lowest prey densities the bass exposed to 0. 13 mg/1

(NH3)
had slightly higher relative growth rates than control A bass

(Figure 5). Most bass exposed to 0. 34 mg/1 (NH3) had a slightly

higher growth rate than control B bass, but again as in the
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corresponding consumption rates, the exposed bass at prey densities

of 120 were growing at lower rates than the corresponding controls.

To this point only bass at a prey density of 15 had lost weight. At the

two highest ammonia levels all of the bass were losing weight; in-

creased rates of weight loss at higher prey densities are apparent

from the negative slopes of the curves (Figure 5).

The relationship between food consumption and growth rates of

the bass are presented in Figure 6. Differences in the shapes of the

curves and the levels of food consumption required for maintenance

reflect the influences of environmental factors and the metabolic

states of the bass on their utilization of food for growth (Davis and

Warren, 1968). The curves defining this relationship for control A

bass compared to bass exposed to 0. 13 mg/1 (NH3) are very similar

in shape and in maintenance level consumption. A similar trend is

seen in comparing the bass exposed to 0.34 mg/1 (NH3) with control

B bass. In both sets of comparable curves the bass in tanks with

low prey densities consumed food at a higher rate when exposed to

the ammonia. The small bass (control A and 0. 13 mg/1 NH3) had a

greater overall utilization efficiency and lower maintenance level

consumption rates. Bass exposed to 0. 63 mg/1 (NH3) and 0. 86 mg/1

(NH3)
did not consume sufficient food to maintain initial body weights.

Weight loss correlates well with the distribution and the aggressive

activities of the Gambusia (Figure 3 and Appendix III). At the lower
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prey densities the Gambusia were not observed chasing the bass

and the weight losses at given consumption rates were similar to

the unexposed bass in control B. However, at the higher prey densi-

ties many of the bass were being chased and weight losses increased

with respect to the amount of time the bass were chased and when, in

six of the test tanks, the bass died (Appendix III).

The relationship between toxicant concentration and response

is another instructional method used for representing the changes in

the response of a system challenged with a toxic substance. In this

study, the toxicant concentration ,was the ambient unionized ammonia

level and the response was eithex predator consumption rate (Figure

7) or growth rate (Figure 8). The identities on the curves are prey

densities. The shapes of the curves, fitted by eye, give an indication

of the direction and rate of change of the responses at increasing

unionized ammonia concentrations. Because the consumption and

growth rates of bass in the control experiments were found to be

different in relation to the initial size of the bass, the unionized

ammonia axis was split to make comparisons of the exposed to the

control fish based on their similar initial weights. The consumption

rates of the bass exposed to 0.1,3 mg/1 unionized ammonia were

slightly higher on the average than those in control group A, with

the exception of bass at prey density of 120 which showed no difference

(Figure 7). The small increases may not be significantly different



31

from the controls, however, their trend was considered when fitting

the curve between 0. 00 mg/I (N.H3) and 0. 34 mg/1 (NH3). The bass

exposed to 0. 34 mg/I (NH3) consumed slightly more than did the

corresponding controls at a prey density of 15, with overlapping at

densities of 30 and 60. Those at a prey density of 120 had lower

consumption rates than the controls. At ammonia levels above 0. 34

mg/1
(NH3)

consumption rates were well below the controls at the

three highest prey densities.

The trends which developed for changing growth rates at in-

creasing unionized ammonia concentrations (Figure 8) are similar to

those seen for the consumption rates. The downward inflection of

the growth and consumption curves begin at lower unionized ammonia

concentrations for those bass in tanks with the highest prey densities.
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DISCUSSION

The results of this study support the hypothesis that predator-

prey interactions, as measured by the consumption and growth of a

predator and by the observed activities of both predator and prey, are

indicators of sublethal effects of -the toxicant used. The observed dif-

ferences in the predator-prey interactions between exposed and un-

exposed tests suggests a concentration-dependent response to in-

creasing levels of unionized ammonia. The highest sublethal levels

altered the immediate survival of both species with respect to estab-

lish.ed baseline predator-prey relationships. -The bass showed a greater

sensitivity to the ammonium chloride than did the Gambusia, and in

six test tanks, with high sublethal levels of unionized ammonia and

high prey densities, thc bass died within the ten-day experiment.

Th consumption rates and corresponding growth rates of

individual bass were dependent in part upon the density of the prey.

This relationship, referred to as the "functional response" by

Solomon (1949), was apparent in all five interaction experiments

although not always as would be predicted, that is an increase in

food consumption as the prey density increases. If ammonia toxicity

was the only additional factor altering the established baseline con-

sumption and growth rates in the exposed tests, then looking at the

change in consumption rates of bass for a single ammonia level one

34
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would predict either increasing (positive slope) or unchanging (zero

slope) consumption rates with an increase in prey density. However,

a number of the consumption rates were considerably lower at high

prey densities than at the same level of unionized ammonia but at low

prey densities. A negative component of the density dependence, that

of decreased consumption with increased prey density, was believed to

be a major factor in these situations. The toxicity of the ammonia

to the bass in combination with the aggressive behavior of the

Gambusia resulted in the functional relationship of decreasing con-

sumption rates at increasing prey densities and increasing NH3 levels

with an inverse functional response (highest consumption at lowest

prey density) seen at the highest unionized ammonia level.

It is believed, based on the behavioral observations of both

predator and prey and on the sequence of events in the test tanks

from time zero, that increasing the level of unionized ammonia de-

creased the predatory activity of the bass and in response the Gambusia

did not seek the cover of the shelves but rather swam freely in the

test tanks. At the low prey densities the bass were able to maintain

this lower level predatory activity, however, with greater numbers of

Gambusia the bass were continuously harassed, consumed little or no

food and often died.

Chasing and nipping was observed in Experiment No. 1, Acclim-

atization Tank No. 2 where the initial prey density exceeded 400
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Gambusia and no ammonium chloride had been added. The bass in

this tank was continuously harassed and could not be kept alive for

more than a few days. This was another reason for the two stage

acclimatization procedure for restocking Gambusia (outlined in the

methods section) in which there was no bass in Acclimatization Tank

No. 2. Therefore, at this very high density the chasing and nipping

occurred without the addition of ammonium chloride. With increasing

levels of unionized ammonia fewer Gambusia were needed to elicit

the same behavior.

The deviations of the bass s consumption and growth rates from

the established baselines were influenced by the combination of the

increased ammonia toxicity at higher ammonia levels and the apparent

additional stress on the bass brought about by the aggressive behavior

of the Gambusia at the high prey densities. This aggressive behavior

was probably in response to a reduction in the predatory activity of

the bass brought about by the ammonia and the numbers of Gancibusia

encountered. Although this "counter-offensive" by the Gambusia is

analogous to similar behaviors observed in other animals (referred to

as "mobbing ), the dimensionality of the experimental test tanks

may have been a factor in the elicitation of this behavioral response.

It is difficult to partition the measured changes in the consump-

tion and growth of a bass exposed to ammonium chloride into differ-

ences due to direct physiological effects of the toxicant and those due
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to an additional stress from the chasing and nipping by the Gambusia

at high prey densities. Some combination of both factors would be

a better explanation for the observed changes from the baseline re-

sponses. This stress factor although not observed at low prey densi-

ties in combination with high ammonia levels or at prey densities up

to 120 with low ammonia levels, may have been present in a less

pronounced form but was undetected. Bass were chased by Gambusia

at a density of 400 with no ammonium chloride added; and acutely

toxic levels of ammonia might be reached before Gambusia at a very

low density would chase the bass. At the 0. 34 mg/1 (NH3) level and

prey density of 120 there was an obvious change (decritase) in the pat-

tern of consumption and growth; although no chasing was noted the

distribution of the Gambusia in the tank, that of free swimming

throughout the tank, suggests a decrease in the predatory activity

of the bass.

The variability in tho consumption and growth rates measured

for two bass in similar test situations (duplicates) can be in part ex-

plained by looking at the Gambusia distribution and behavior. For

example, at 0. 63 mg/1
(NH3)

and prey density of 60, the difference in

the consumption rates of the two bass can be attributed in part to the

different behavioral interactions between the bass and the Gambusia.

The bass that consumed 2. 5 mg/g/day was chased from day three

until day nine when the bass died; the bass consuming 70. 5 mg/g/clay
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was chased only on days three and four. The inherent variability

between the bass and/or the Gambusia in each of the tanks along with

a possible environmental difference in the "similar" test tanks was

likely the basis for the different behavioral interactions.

Bass exposed to 0. 13 mg/1 (NH3) and O. 34 mg/1 (NH3) appeared

to have a slightly greater efficiency of capture (higher consumption

rate) than did the corresponding unexposed bass; this was most obvi-

ous at low prey densities. The utilization efficiency of food consumed

for growth was approximately the same when comparing the control

tests to the low level exposure tests for bass of similar size. At the

higher unionized ammonia levels none of the bass were able to main-

tain initial body weight. Those in tanks having high prey densities

and being chased by the Gambusia consumed little or no food and

presumably utilized the energy stores in their tissues at very high

rates. Much of the variability between the weight losses of these

bass was related to how long they were chased, and if and when they

died.

One of the bass exposed to 0. 63 mg/1 (NH3) was able to take

advantage of the increased food availability at a prey density of 60

(the bass was chased for only two days) and consumed Gambusia at

a rate near that of the unexposed bass at a similar prey density.

However, the growth rate and corresponding utilization efficiency

of the exposed bass was well below that for the unexposed bass. In
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this situation the direct physiological effect of the ammonia on the

bass's metabolic rate (a dramatic increase in opercutar movement

above that of the controls was noted) may have been a dominant factor

related to decreased utilization efficiency. It can therefore be postu-

lated that in the absence of being chased by the Gambusia, a bass

exposed to high sublethal levels of ammonia could show a decrease

in utilization efficiency below the established baseline for unexposed

bass. In this study, ammonia appeared to have its major effect on

the ability of the bass to obtain food. As a consequence of this de-

creased predatory activity, the Gambusia at high densities were

actively harassing the bass and predator consumption and growth rates

were lower than would be predicted from the same levels of ammonia

in the absence of this additional stress.

The use of predator-prey interactions in a bioassay type experi-

ment adds another dimension and possibly a bit more heuristic value

to the typical laboratory bioassay approach to the effects of toxicants

on aquatic organisms with implications in natural communities. Stud-

ies that look at the changes in growth of fish (predators) being fed a

predetermined range of a pellet type food while being challenged with

a toxicant are very much limited in their ability to predict the produc-

tion of these fish in a natural system where not only the availability

of food is important, but where the predator's (and prey's) success

may involve the ability of the predator to obtain the food and of the
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prey to avoid predation. The costs of growth in this more natural

situation may be greatly different from that obtained in studies in-

volving direct feeding of the fish. The present study is obviously an

inadequate means of pred,

dynamics, however, it does suggest the importance of including spe-

cies interactions in any attempt to describe changes in the dynamic

balance in nature brought about by the introduction of a toxicant.

Using different toxicants (different classes of toxicants with

properties and/or modes of action that would have various physiolog-

ical effects on the predator and prey) one would expect that an ecolog-

ical relationship such as predator-prey interactions could be altered

dramatically and in different ways than seen in the present study. I

corporating different predator and prey organisms or adding other

community parameters fo tle system such as competitors, alternate

foods for the predator, predators on the bass, prey for the Gambusia

and an extended time period would add much meaning to studying the

effects of a toxicant on predator-prey interactions having implications

for the abundance and distribution of organisms. Laboratory studies

incorporating a microcosm type approach and including, at the mini-

mum, sufficient trophic levels and their interactions to define the

problem would be a more realistic way to approach the possible

changes resulting from perturbation of a natural system with a toxi-

cant. Such an approach has been formulated by Booty and Warren

icting the effects of toxicants on community
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(Ms) and should provide more meaningful insights into the problem of

pollution in an aquatic environment.
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Total Average
Length of bass Initial Dry weight Consumption relative

Tank Prey (cm) wet weight of b ss ( g) rate growth rate
number density initial final of bass (g) initial* final (mg/g/day) ( mg/g/day)

Experiment 1. August 4 to 14, 1975. Control.

1 15 10.3 10.3 12.16 3.43 3.26 13.45 - 5.35
2 60 9.7 10.7 11.17 3.06 3.95 63.71 25.40
3 30 9.8 10.7 11.83 3.31 3.71 32.46 11.42
4 120 terminated due to sick bass
5 60 9.7 10.8 11.21 3.08 3.96 61.42 25.05
6 15 9.8 10.0 11.66 3.25 3.28 23.00 00.86
7 120 10.2 11.4 11.46 3.17 4.60 99.69 36.73
8 30 9.7 10.6 11.07 3.02 3.47 35.12 13.83

Experiment 2. August 26 to September 5, 1975. 0. 13 mg/1 NH3.

1 15 10.0 10.8 12.03 3.39 3.69 31.14 8.56
2 60 10.2 11.3 11.98 3.37 4.41 68.66 26.74
3 30 10.2 11.1 12.47 3.55 4.31 48.69 19.21
4 120 9.9 10.9 11. 32 3.12 4.45 88. 90 35.20
5 60 10.1 11.2 11.17 3.06 4.19 63.22 31.07
6 15 9.9 10.4 11.40 3.15 3.41 23.00 8. 11
7 120 10.2 11.3 12.32 3.50 4.96 87.11 34.65
8 30 10.4 11.4 13.47 3.93 5.15 56.86 26.81

Cl 30 9.9 10.5 10. 19 2.69 3. 11 38. 99 14.55

C2 120 10.6 11.7 12.95 3.74 5.08 75.05 30.42

*Predicted from Y. = 0.3789 (x.) + ( -1. 1714), where xi = initial wet weight.

Appendix Initial and final weights and lengths, consumption rates, and average relative growth rates, for individual bass at one of four prey
densities for each of the five interaction experiments.



Appendix Ill. (C ontinued)

Total Average
Length of bass Initial Dry weight Consumption relative

Tank Prey (cm) wet weight of bass ( g) rate growth rate
number density initial final of bass (g) initial* final (mg/g/day) (mg/g/day)

Experiment 3. November 11 to 21, 1975. 0. 34 mg/1 NH3.

1 15 10.8 11.3 13.51 3.95 3.79 33.50 - 4.11
2 60 terminated due to sick bass
3 30 10. 9 11. 14. 013 4. 14 4.13 42.66 - O. 10
4 120 10.6 11.3 13.17 3.82 4.40 66.55 14.18
5 60 10.4 11.4 12.85 3.70 4.46 86.49 18.73
6 15 11.0 11.5 15.05 4.53 4.49 33.51 - 0.84
7 120 11.0 11.7 14.43 4.30 4.81 82.23 11.29

8 30 10.8 11.7 13.84 4.08 4.57 79.98 11.6
C1 30 11.2 11.8 15.68 4.77 4.92 51 49 3.22

C2 120 10.4 10.7 11.59 3.22 3.94 95.56 20.06

Experiment 4. October 7 to 17, 1975. 0. 63 mg/1 NH3.

1 15 10.5 10.6 13.51 3.95 3.48 18.42 -12.52
2 60 10.5 -- 13.60 3.98 3.11 2.68 -30.79
3 30 10.7 10.5 14.08 4.16 3.60 19.59 -14.59
4 120 10.7 10. 04. 04 2. 94 7. 2613. 74 -34.73

3.98 3.90 - 2. 1370. 415 60 10. 5 10. 9 13. 60

6 15 10.7 10. 514. 51 4.33 3.56 -19.43
7 120 10.9 -- 14.37 4.27 3.25

16. 39
10.11 -90.89

8 30 10.5 10.7 13.53 3.95 3.57 35.38 -10.32

Cl
60 10.8 12.0 15.49 4.70 5.55 81.55 16.70

C2 15 10.7 11.0 15.45 4.68 4.22 27.33 -10.52

*Predicted from Y = 0. 3789 (xi) + ( -1. 1714), where xi = initial wet weight.



Appendix II. ( Continued)

Total Average
Length of bass Initial Dry weight Consumption relative

Tank Prey (cm) wet weight of bass (g) rate growth rate
number density initial final of bass (g) initial* final (mg/g/day) ( mg/g/ day)

Experiment 5. September 23 to October 3, 1975. 0. 86 mg/1 NH3.

1 15 11.2 11.4 15.61 4.74 3.97 25.71 - 17.79
2 60 11.1 -- 16.38 5.04 3.78 00.00 -141.98
3 30 11.3 11.6 17.27 5.37 4.14 26.98 - 19.58
4 120 11.1 15.42 4.67 3.12 00.00 - 79.50
5 60 11.1 15.63 4.75 3.48 00.00 - 51.40
6 15 terminated due to sick bass
7 120 11.1 -- 15.91 4.86 3.75 00.00 -128.55
8 30 11.2 10.7 1S.49 4.70 3.22 2.02 - 37.41
Cl 15 11.3 11. 3 17.06 5.29 4.17 12.68 - 23.67

C2
60 10.9 11.6 15.09 4.54 5.22 89.31 13.99

*Predicted from Y. = 0. 3789 (x.) + ( -1. 1714), where x. = initial Wet weight.



Appendix III. Index of spatial segregation - observed Gambusia distribution in experimental tanks as related to unionized ammonia concentration (NH3)
and prey density for each of ten days in the interaction experiments. 2 = Gambusia free swimming in the tank; 4 = Gambusia near the
surface; 6 = Gambusia occupying only the area above the shelves; ( ) denotes an internal control experimental tank.

Experiment

Ammonia
concentration

in tank
(mg/1 NH3)

Prey
Density

Time in days
1 2 3 4 5 6 7 8 9 10

1

1

(4)
(5)
/
1

(2)

(3)
1

1

(4)
(5)

1

(2)
(3)

2

0.00

0.13

15

30

60

120

15

30

60

120

6

6

6

6

6

4
4
2

2

2

4
2

2
4

2

6

6

6

4
2

4

2

2

6

6

6

6

6

6

6

4
2

6

6

2

2

6

2

6
6

6

6

4
4

2

2

6

6

6

6

6

6

6

6
4

6

6

4

6

6

2

6

6
6
6

6
6

6

2

6

6
6
6

6
6
6

6
6

6

6

4
6
6

6

6

6

6

6

6

6

6

2

6
6

6

6

6

6

6

6

6

6

6

4
4
6

6

6

6

6
6

6
6

6

4

6

6

6
6

6

6

6

6
4
6

6

4
4
6

6

6

6

6

6
6

6

6

4

6

6

6

6

6

6

6

6

6

6

6

6

6
6

6

6
6
6

6

6

6

6

4

6

6

6

6
6

6
6

6
6
6

6

6

6
6

6

6

6

6

6

6

6
6
4

6

6
6

6

6

6

6

6

6

6

6

6
6
6

4

6

6

6

6

6

6

6

4

6

6

6

6

6

6

6

6

6

6

6

6

6
6

4

6
6
6

6

6

6

6

4



Appendix III. ( Continued)

* Gambusia chasing and nipping the bass.

A Bass died.

Experiment

Ammonia
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(mg/1 NH3 )
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Density
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1 2 3 4 5 6 7 8 9 10
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Appendix IV. Examples of the three Gambusia distributions in the
experimental test tanks which were used to establish
the index of spatial segregation (left to right):
Gambusia swimming freely throughout a tank;
Gambusia near the water surface; and Gambusia
occupying only the area above a shelf. An example
of a bass approaching and "looking" onto a shelf is
shown at the lower right. This response usually
occurred after the Gambusia had momentarily swam
off of the shelves.
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Appendix IV. Examples of Gambusia chasing and nipping the bass
(Continued) (left to right): bass being chased by a Gambusia; bass

swimming at the water surface with Gambusia nipping
at its caudal fin; bass gulping and swimming with tail
down near the water surface with Gambusia in pursuit;
In several cases the bass beached themselves on the
shelves when continuously harassed (chasing and nip-
ping) by the Gambusia for several days. Nonetheless,
Gambusia continued their harassment of the bass.
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