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ABSTRACT 

A behavioral bioassay method was developed to examine 

the effects of ethanol on the reproductive success and 

behavior of flagfish (Jordanella floridae). Reproductive 

behavior was divided into eight categories; egg tending? 

nesting? t-circling? chasing a faded female? spawning? 

guarding? chasing? and inattentive behavior. The dominant 

male in each tank was observed for ten minutes daily for 

five days before and after ethanol exposure. The data was 

examined to determine the frequency with which each behav- 

ior occurred, the percent of the Total Frequency that each 

behavior represented, the total time spent at each behavior, 

and the sequential order in which the behaviors occurred. 

Total Frequency, the number of times the fish switched 

from one behavior to another, was reduced when the fish were 

exposed to concentrations of ethanol ranging from 0.5 to 3*0 

g/liter. When behavior was analyzed with respect to the 

eight behavioral categories, it was found that no single 

behavior contributed to the decline but rather the number 

of times a fish engaged in each behavior was reduced. 

Accompanying this reduction in activity was an increase in 

inattentive behavior. When sequences of behavior were 

examined, no significant change occurred even at the higher 

ethanol concentrations. 

Fewer eggs were recovered from adults exposed to 2.0 
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and 3*0 g/liter. Of the eggs produced, hatchability and 1 

larval survival exceeded 9^fo and 90fo, respectivelyall 

concentrations tested. It was concluded that the reduction 

in spawning activities at concentrations of 1.5» 2.0, and 

3*0 g/liter ethanol was due to the overall reduction in 

activity. It appears that the dominant male must maintain 

a minimal threshold of activity to successfully spawn. 
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INTRODUCTION 

In the natural environment, the survival of the organism 

is frequently related to its behavior’? such as the ability to 

ca;^ture prey, to successfully spawn, and to avoid predation. 

Toxicants which modify patterns of behavior can reduce the 

chances for individual and specie survival by altering the 

ability of the fish to perform its normal activities. The 

organism has a limited capacity to compensate for and to P 

adjust to stresses such as toxicants (Fry, 19^7? Iverson and 

Gutherie, 1969)* Behavioral toxicity studies are directed 

towards determining the limits of the stresses under which 

the organism is capable of normal performance. 

But, most fish behavioral studies using a toxicant 

examine a single behavioral parameter such as avoidance, 

swimming ability, or learning. (A tabular review of selected 

literature on fish behavioral studies using toxicants is 

presented in Appendix A.) Since toxicants are known to affect 

different behavioral responses depending on concentration 

and time of exposure, and since the effects may not necessarily 

develop at equal rates (Kalant, ^ , 1971), examining a 

single behavioral parameter may not be representative of the 

effects of that toxicant. In addition, studies measuring 

only one behavioral response, such as learning, may be only 

partially suitable in determining the effects of a toxicant 
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since the ecological significance of that behavior may be 

uncertain (Sprague, I97I). 

One area of behavior which is ecologically significant 

is reproductive behavior,since a reduction in spawning success 

can ultimately lead to a collapse in the fish population. In 

addition, reproduction is not a single behavior, but rather 

a composite of several other behaviors: courtship: nesting: 

parental behavior: and fighting (Tinbergen, 1951)• Disrup- 

tion of any of these subcategories can result in unsuccessful 

spawning. 

The purpose of this study was to examine the sublethal 

effects of a toxicant on flagfish reproductive behavior and 

success. Rather than examining a single behavior, this method 

was designed to examine the components of reproductive behav- 

ior. Each behavior was examined to determine if quantitative 

changes occurred in the time spent at each behavior or in 

the frequency with which each behavior occurred. In addition, 

the sequential order in which the behaviors occurred was 

examined to determine if the behavioral patterns were altered. 

Hatching success and larval survival were examined to deter- 

mine if survival of the off-spring was affected by the toxi- 

cant. 
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MATERIALS & METHODS 

Thiis section has been divided into five subsections: 

I. Chemical Analysis? II. Behavior? III. Egg Production? 

IV. Egg Hatchabilityl and Larval Survival. 

I. CHEMICAL ANALYSIS 

Water Chemistry 

Temperature, pH, and dissolved oxygen readings were 

taken daily using mercury thermometers, a Delta Scientific 

Dissolved Oxygen Meter, and a Radiometer pH M-64 Meter, 

respectively. In addition to these parameters, the Thunder 

Bay Regional Ministry of the Environment analyzed the water 

supply. 

Ethanol Determinations 

Ethanol concentration in each tank was determined 

using a modified Widmark method (Hallett, unpublished) 

as follows. Samples were collected daily from at least 

one tank at each concentration throughout the exposure 

period. 

A 10 ml sample was taken from the center of each tank 

and filtered through a Whatman #1 filter into a 50 ml flask. 

Two 10 ml distilled water samples were also prepared to 

determine the volume of ammonia sulfate nedded to titrate 

the potassium dichromate solution. A 0.5 ml subsample of 
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the filtered sample was placed into a 250 ml flask containing 

10 ml potassium dichromate solution. These flasks were placed 

in an oven at 60±2°C for 2 hours. Samples were removed and 

cooled. To provide a sufficient volume to titrate, 100 ml 

distilled water was added to each sample. Since the addition 

of water to the potassium dichromate solution generated heat, 

the samples were coaled again. Samples were then titrated 

against the ammonium sulfonate as an indicator. When the 

sample turned clear, the titration was complete. 

The reagents were prepared as follows: 

Reducing solution:(FAS)s 8.866 g ammonium ferrous 

sulfate was dissolved in distilled water. Then, 200 ml 

concentrated sulfuric acid was added and the volume was 

adjusted to 2 liters with distilled water. 

Oxidizing solutions I.7050 g potassium dichromate 

was dissolved in 100 ml distilled water. Then, 1750 ml 

14 N sulfuric acid was added. 

All glassware was cleaned in chromic acid solution, 

rinsed several times with hot water, and finally rinsed with 

distilled water. 

Ethanol concentrations in the tanks were determined 

using the following calculations s 

15 ml FAS =0.002 g ethanol 

1 ml FAS =0.133 mg ethanol 
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mg of ethanol / ml =g of ethanol / liter 

[,(R) (0.133 mg EtOH / ml FAS);] / 0.5 ml sample 

where R ml of FAS needed to titrate the blank minus 

ml FAS needed to titrate the sample. 
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II. BEHAVIOR STUDY 

TEST FISH 

Flagfish were obtained from the United States Environ- 

mental Protection Agency (U.S. E.P.A.)» Duluth, Minnesota in 

December I98O. These fish were brought into spawning condition 

in preparation for egg collection. Eggs were collected during 

late January and early February I98I. The resulting progeny 

was used for subsequent experiments. 

MATERIALS AND APPARATUS 

Flow-through Diluter System 

The equal volume diluter system used in this study has 

been described by DeFoe (1975)* Modifications on this system 

have been described by Murphy (I978). The system consisted 

of three levels as shown in Figure 1. Level 1 filled with water 

from a header tank until all seven cells were full. When the 

seventh cell was full, it flooded into a siphon initiator cell 

in Level II causing a venturi vacuum which simultaneously 

released the water from the cells in Level I to the correspond- 

ing cells in Level II. As the siphon initiator cell filled, 

the float switch was triggered initiating the injector system 

which released ethanol into the Level II cells. The exhaust 

phase of each ethanol delivery permitted each syringe to refill 

from the ethanol reservior containing 99% ethanol. 

The pneumatic injector system used to deliver the ethanol 

has been described by Smith, ^ (1977). Five injectors 
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Figure 1. Schematic illustrating equal volume 

diluter 
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were used, each cilibrated to deliver a prescribed volume 

of ethanol. The remaining cellyreceived dilution water only. 

Standpipe siphons delivered the water from Level I to 

II, and from Level II to III. Mixing occurred at Level II 

and Level III. Each cell in Level III delivered an equal 

volume (500 ml) to four test tanks. Diluter filling was con- 

trolled by a 5 minute electrical timer providing 90^ replace- 

ment in each test tank in approximately 12 hours. 

Exposure Tanks 

Twelve exposure tanks were used in this experiment; 

six were arranged to the left of the diluter system and six 

to the right. Each of the six treatment tanks was connected 

to a different cell on Level III of the diluter system. Each 

tank contained an inflow pipe, and outflow standpipe, an air- 

stone, and 14 kw immersible heater. Exposure tanks were 

maintained at approximately 26°C with a constant photoperiod 

(LD 16:8). 

Spawning Substrates 

Spawning substrates consisted of a 10 cm X 15 cm 

inverted "V" shaped stainless steel frame wrapped tightly 

with green orlon yarn in parallel strands. The yarn was pre- 

boiled to remove excess dye. 
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Event Recorder 

Fish behavior was recorded using a six channel event 

recorder. Each channel was assigned a behavior. Depressing 

a button produced a mark on the event recorder tape which 

indicated that a particular behavior had been initiated? 

releasing that button indicated the termination of that 

behavior. The event recorder was adjusted to produce iQmm 

of tape per second. The duration of each behavior was obtain- 

ed by measuring the interval between button depression and 

release. This value was converted from millimeters to seconds. 

PROCEDURE 

Adult fish were fed previously thawed brine shrimp 

fSalina artemia) twice daily. All tanks were siphoned after 

feeding to remove excess food and wastes. 

Flagfish were selectively culled in July I98I to provide 

two males and three females in each tank. Two spawning sub- 

strates were placed at opposite ends of each exposure tank. 

Fish were allowed ^ days to habituate to their new environ- 

ment and to establish dominance around the substrate area. 

All substrates were removed in the morning of the fourth day 

and the position of the substrate guarded by the dominant male 

was recorded. Twenty-four hours after removal, the substrate 

of.the dominant male was replaced to its original location in 

each exposure tank. Food was then introduced into each tank. 

One-half hour later each tank was siphoned. Ten minutes after 
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siphoning the behavior recording was initiated. This time 

was chosen because most spawning activity takes place immedi- 

ately after feeding (Foster, et al., 19^9) 

The behavior of the dominant male in each tank was 

recorded daily for a 10 minute interval. To obtain baseline 

behavior data for each dominant fish, every tank was observed 

for 5 days prior to adding the ethanol. After the behavior 

was recorded on the fifth day, the substrates were removed. 

They were replaced 24 hours to coincide with the introduction 

of ethanol. No behavioral responses were recorded on the day 

the ethanol was introduced. The following day the routine of, 

feeding, siphoning, and behavior recording was resumed. 

Behavior was again recorded for 5 consecutive days. 

The behaviors were defined in such a way that the fish c# 

could engage in only one behavior at a time and at any point 

in time must be engaged in one of the behaviors. The behaviors 

observed were defined as follows: 

Egg tending: the male is occupied with fanning or 

mouthing the eggs, or cleaning the substrate of debris and 

food. He is usually oriented 90 degrees to the substrate 

and is rapidly moving his pectoral fins. 

Chasing a faded female: male chases, butts, or bites 

a female who has lost her coloration signifying her readiness 

to spawn. 
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Nesting; male maintains a position within 8 cm of 

the substrate but is not actively engaged in another behavior? 

most often all other fish are located at a distance from the 

substrate. The fins are not extended. 

Spawning; male is actively spawning the female? the 

male presses the female against the substrate. Both are on 

their sides and rapidly undulating their caudal fins. 

T~circling; the female has approached the male and 

orients herself perpendicular to the male. She may maintain 

this position for several seconds while the male attempts 

to parallel her side. 

Chasing; the male aggressively approaches another fish 

with fins extended. 

Guarding; the male extends all fins and assumes a 

position between the substrate and another fish. 

Inattentive; the male does not assume any of the 

behaviors described above. For example, all the fish are 

gathered under the substrate and it is no longer apparent 

which male is dominant. 

At the completion 6f this experiment, all tanks were 

scrubbed and disinfected with chlorine. The experiment was 

replicated 3 days later following the same procedure. 
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III. EGG PRODUCTION STUDY 

Test Fish 

Laboratory raised flagfish were used in this experiment. 

These fish were obtained as described in the Behavior Study 

section above. 

MATERIALS AND APPARATUS 

Exposure Tanks 

The apparatus used in this study was the same as that 

previously described except that only six exposure tanks were 

used. 

Flow-through Diluter System 

The diluter system is described in the Behavior Study 

section above. 

Spawning Substrates 

The spawning substrates are described in the Behavior 

Study section above. 

PROCEDURE 

Fish were fed brine shrimp as described previously twice 

daily. Again, 1/2 hour after the morning feeding the tanks 

were siphoned to remove excess food and wastes. 

Two males and three females were placed into each tank. 

One substrate was placed in each tank. Fish were allowed 4 

days to establish dominance around the substrate area. All 

substrates were removed in the morning of the fourth day and 
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replaced the following morning to coincide with the introduction 

of ethanol. Approximately 3 hours after feeding the substrates 

were removed and checked for the presence or absence of eggs. 

Eggs were brushed from the substrate by gently rubbing the 

fingers across the substrate. Clean substrates were returned 

to their respective tanks. 

In addition, the presence or absence or absence of eggs 

was recorded on the behavior study tanks without removing 

the substrates. 
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IV. EGG HATCHABILITY STUDY 

EGG SOURCE 

Eggs collected from the Egg Production Study were 

used in this experiment. 

MATERIALS AND APPARATUS 

Exposure Tanks 

The apparatus used in this study was the same as that 

previously described except that only six exposure tanks were 

used. 

Flow-through Diluter System 

The diluter system is described in the Behavior Study 

section above. 

Rocker Arm Assembly 

The rocker arm assembly has been described by Murphy 

(1978). Briefly, the rocker arm assembly consisted of a 12.7 

mm aluminum rod suspended above the lower bank of tanks. Two 

6.4 mm aluminum rods per tank were attached perpendicular to 

the former rod. These rods each had two points of attachment 

for the egg cups. The 12.7 mm fod was connected to a five rpm 

electric motor with cam which continuously raised and lowered 

the egg cups within the tank to facilitate oxygen and carbon 

dioxide gas exchange at the egg membrane surface. 

Egg CUPS 

The egg incubating cups were constructed from 120 ml, 

5 cm diameter, round, glass jars. The bottoms of the jars 

and the center of the bakelite caps were removed and replaced 
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with stainless steel screen (Uo. kO mesh^i. The screen was 

fastened with silicone sealant. A stainless steel hook was 

fastened to each cap providing a point of attachment to the 

rocker arm assembly. 

PROCEDURE 

Eggs collected from the Egg Production Study were placed 

into egg cups for incubation. No more than 50 eggs were 

placed into each cup. Egg cups were dipped in 4 ppm mala- 

chite green for 3 to 5 minutes immediately after collecting 

and daily thereafter until all had hatched. This was a 

preventitive measure to mitigate loss of eggs due to fungal 

infestation. 

Eggfcups were placed on the rocker arm assembly so that 

eggs were incubated in the same concentration of ethanol from 

which they were spawned. Eggs were examined daily and any 

dead eggs were removed. 
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V. LARVAL SURVIVAL STUDY 

TEST FISH 

Eggs were collected and incubated prior to ethanol 

introduction. Larvae not older than 2.day post-hatch were 

used in the Larval Survival Study. 

MATERIALS AND APPARATUS 

Exposure Tanks! 

The exposure tanks are the same as those used in the 

Egg Hatchabilijy section above. 

Flow-through Diluter System 

The diluter system is described in the Behavior Study 

section above. 

Larval Baskets 

Larval baskets were constructed from winchester acid 

bottles. The tops and bottoms were removed leaving a 13 cm 

high container. Stainless steel screen (No. 40 mesh) was 

attached to the bottbm. A 3 cm strip of screen was attached 

around the top circumference of the container to obtain 

additional height and water movement. Three 6 cm high glass 

vials were attached to the base of the basket which raised 

the basket off the bottom surface of the tank permitting 

water to pass through the lower screen in the basket. All 

attachments were adhered with silicone sealant. 
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PROCEDURE 

Fifty newly hatched larvae were placed in each larval 

basket. Three baskets were randomly placed in each test tank 

so that 150 newly hatched larvae were exposed to the ethanol 

for 6 days. Larvae were fed newly hatched live brine shrimp 

once daily. Tanks were siphoned daily to remove excess food. 

Larval survival was recorded at the termination of the 

experiment. 
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RESULTS 

This section has been divided into five subsections": 

I. Chemical Analysis Results! II. Behavior Study Results? 

III. Egg Production Results! IV. Egg Hatchability Results; 

and V. Larval Survival Results. 

I. CHEMICAL ANALYSIS RESULTS 

Water Chemistry 

The results of the chemical analysis on the water supply 

is presented in Table 1 in Appendix B. The mean temperature, 

pH, and dissolved oxygen readings are presented in Tables 2 

and 3 in Appendix B, for the first and second run, respectively. 

There was little fluctuation in any of these parameters and 

the values obtained are in the ranges of the U.S. E.P.A. 

recommended values for aquatic bioassays. 

Ethanol Determinations 

The mean ethanol concentrations for the first and 

second run are presented in Table 4 in Appendix B. These 

values are calculated from the mean daily concentration at 

each ethanol level. There was little fluctuation in the ethanol 

concentrations measured. 
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II. BEHAVIOR STUDY RESULTS 

Qualitative Description of Behavior 

During the week prior to alcohol addition, the behavior 

of the dominant male flagfish had two distinct behavioral 

patterns. One of these patterns involved t-circling, spawn- 

ing, and chasing a faded female. The other behavior involved 

tending the eggs and guarding the substrate area. These 

behaviors varied in frequency and duration depending on the 

behaviors of the other fish in the tank and the readiness of 

the female to spawn. 

In the first pattern of behavior, generally a female 

would approach the substrate in a passive manner either 

dropping slowly from above the substrate or slowly approaching 

from the opposite end of the tank. When a female approached 

the substrate in this way, her distinct coloration had faded. 

If no females approached the substrate to spawn, the male 

pursued females in the other end of the tank. The male then 

returned to the substrate and engaged in egg tending, nesting, 

and guarding. Frequently, following these forays, a faded 

female did approach the substrate, possibly in response to 

this activity. 

If no other fish approached the spawning area, the male 

would attempt to parallel the faded female’s side resulting 

in t-circling. The male frequently chased or butted a 

t-circling female. This produced one of two responses: 
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either the female would flee to the opposite end of the tank; 

or t-circling resumed and spawning occurred. Subsequent to 

spawning, the male chased^the faded female from the substrate. 

If another fish approached the substrate during spawning, 

the dominant male usually interrupted his courtship to chase 

the intruder away and, at times, chased the female he was 

engaged with. In instances where the dominant male continued 

spawning rather than chasing the intruders, the intruders 

canabalized the eggs on the substrate. 

After the dominant male had spawned and cleared the 

substrate area of intruders, he resumed the second general 

pattern of behavior. This pattern involved an alternation 

of egg tending, nesting, guarding, and chasing. 

Effects of Ethanol on the Frequencies of Behaviors 

Data were pooled according to ethanol concentration so 

that four fish comprised the behavioral data at each exposure 

level. Week 1 represented the control period and Week 2 

the ethanol exposure period. In this manner each fish was ce 

compared to its own control. This procedure minimizes 

individual behavioral differences. 

The number of times a fish switched from one behavior 

to another was represented by the Total Frequency. This 

parameter measured the activity level of the dominant male 

fish. The mean Total Frequency for each tank was deter- 

mined for each level of ethanol used in the study. There 
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was'^a general reduction in Total Frequency after the introduction 

of ethanol especially at 2.0 and 3*0 g/liter ethanol (Figure 2). 

A linear trend analysis was performed on the Total Frequency 

data and was significant at the p<.05 level, F(1,18)= 14.26 , 

indicating that the tendency to engage in reproductive activity 

decreased as ethanol concentration increased from 1.0 through 

3.0 g/liter. 

No single behavior contributed to the reduction in Total 

Frequency, but rather the frequency of each behavior was, 

reduced (see Figures 3 through 9)* This reduction became more 

pronounced at the higher ethanol concentrations, 2.0 and 3*0 

g/liter ethanol. There was one exception to this general 

pattern? at 0.5 g/liter ethanol^frequency of chasing increased 

(Figure 9)* The controls remained relatively constant for all 

behaviors except for a decline in the frequency of spawning, 

t-circling, and chasing a faded female. Linear trend analyses 

were conducted on the frequency data for each behavior (Table 1). 

Except egg tending, all behaviors were significant at the « 

p^.05 level in the linear trend analysis, indicating that the 

frequency of these behaviors varied inversely with ethanol 

concentration. 

Effects of Ethanol on Percent of Total Frequency 

Since the frequency of each behavior had declined across 

concentrations the data was standardized in the form of percent 

of Total Frequency to determine whether the pattern and relative 
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Figure 2. Mean Total Frequency for all "behaviors. 

(... control period? —ethanol period) 
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Figure 3. 

Figure 4. 

Figure 5. 

Figure 6 

Frequency of nesting behavior 

C... control;   ethanol) 

Frequency of egg tending behavior 

(.,, control;   ethanol) 

Frequency of t-circle behavior 

control;   ethanol) 

. Frequency of spawn behavior 

(... control;   ethanol) 
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Figure 7 

Figure 8 

Figure 9 

Frequency of chase faded female behavior 

(... control;   ethanol) 

Frequency of guard behavior 

( ,control;   ethanol) 

Frequency of chase behavior 

control;   ethanol) 
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Table 1 Linear trend analysis on the frequency 

data for each behavior. 

Behavior F-value 

Egg Tending 

Chase Faded Female 

Nesting 

Spawning 

T-Circle 

Chase 

Guard 

Inattentive 

Total Frequency 

1.26 (NS)* 

5.78 

16.80 

6.61 

4.46 

10.99 

13.67 

13.02 

14.26 

*Not significant at the p<.05 level. 



levels of behavior had changed. The data was converted using 

the following formula: 

% Total Frequency = 

(frequency of a behavior/Total Frequency) X 100 

When the control data was examined for all tanks, it 

appeared that each behavior in the control situation made a -a© 

consistent contribution to the frequency. For example, guarding 

contributed between 25 and 35/^ of the total behavior whereas 

chasing ranged from about 10 and 20^ (Figures 10 through l6). 

The percent of Total Frequency after ethanol exposure 

showed some fluctuations when compared to the control situation. 

The fish exposed to 0.5 g/liter ethanol and 1.0 g/liter ethanol 

showed an increase^iin the percent of Total Frequency for chasing 

behavior, and a decrease in egg tending and nesting behaviors. 

Fish exposed to 1.5 g/liter ethanol showed an increase in egg 

tending and a decrease in guarding and spawning. At 2.0 

g/liter ethanol egg tending and nesting increased? t-circling, 

spawning, and chasing a faded female decreased? and chasing 

and guarding remained unchanged from the control situation. 

The behavior of fish exposed to 3*0 g/liter ethanol remained 

within the ranges of the control period for egg tending, 

nesting, guarding, and chasing on Days 1 and 5? but these fish 

were inattentive for the entire observation on Days 2, 3» and 

4. T-circling, chasing a faded female, and spawning were 

eliminated. 
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Figure 10. Percent of Total Frequency for egg tending behavior 

control;   ethanol) 

Figure 11. Percent of Total Frequency for nesting behavior 

(... control;   ethanol) 

Figure 12. Percent of Total Frequency for t-circle behavior 

(,.. control;   ethanol) 

Figure 13. Percent of Total Frequency for spawn behavior 

(... control;   ethanol) 
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Figure 14. Percent of Total Frequency for chase faded female 

behavior (,. .. control;   ethanol) 

Figure 15. Percent of Total Frequency for guard behavior 

(... control;   ethanol) 

Figure 16. Percent of Total Frequency for chase behavior 

(,.. control;   ethanol) 
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Table 2. One-way ANOVA on the percent of Total 

Frequency 

Behavior F-value 

Egg Tending 

Chase Faded Female 

Nesting 

Spawning 

T-circle 

Chase 

Guard 

3.37 

0.64(NS)* 

4.15 

1.75(NS)* 

0.86(NS)* 

3.93 

3.14 

*Not significant at the p<.05 level 



A one-way ANOVA was performed on the difference scores 

between Week 1 and Week 2 across concentrations (Table 2). 

Egg tending, nesting, guarding, and chasing were significant 

at the pC.05 level, indicating that the relative levels of #> 

these behaviors were affected by ethanol concentration. 

Effects of Ethanol on Sequences of Behavior 

To examine the frequency with which each sequence of 

behavior occurred, a two dimensional transitional matrix was 

computed with the vertical axis representing the "preceding” 

behavior and the horizontal axis representing the behavior 

that "followed”. Since the frequency data by definition is 

a shift from one behavior to another, no behavior can be 

followed by itself. Therefore the diagonal cells remain 

empty. 

The frequency data obtained from all tanks in the control 

situation were pooled into one matrix and are presented as 

the upper values in Table 3* The lowerevalues for each block 

represent the maximum-likelihood estimate if the behaviors 

were occurring randomly. These values were derived using 

the method described by Wagner (1970). A Shi square analysis 

was performed using the estimated matrix as the expected values 

and the control matrix as the observed values. The resulting 
p 

Chi square value was very large, x = 13528, and was significant, 

indicating that the behavioral sequences do not occur randomly. 

Since the behavior was not random, another set of matrices 
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Table 3. Frequency data for sequences of behavior in the 

control situation (upper values) and the 

maximum^likelihood estimates if the behaviors 

were occurring randomly (lower values), 

* denotes sequences that occur most frequently 
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was developed so that the fish at each concentration acted as tl 

their own controls. The raw frequencies for each week were 

summed according to concentration. This frequency was then 

divided by the Total Frequency of the summary matrix and 

multiplied by 100 to obtain the percent of Total Frequency 

for each block. The data is presented in the form of percent 

of Total Frequency so that comparisons can be made across 

concentrations (Tables 4* through 9)* The upper values in 

these matrices were the values obtained during the ethanol 

exposure period? the lower values were the control period 

data. 

In the control situation 10 of the possible 5^ sequences 

represented over 80^ of the Total Frequency. These 10 sequences 

are noted with an asterik. When the sequences were examined 

across concentrations, all of the 10 sequences which repre# 

sented most of the total acitivity are retained after ethanol 

exposure, even at the highest concentration. A one-way ANOVA 

was performed on the differenceiscores between the control 

period and the ethanol exposure period for these 10 sequences. 

The ethanol exposure did not significantly change the behavioral 

patterns? F(5,5^)= 1*33, which was not significant at the 

p<.05 level. 
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Table 4. Percent of Total Frequency for sequences of 

behavior in controls during the ethanol 

exposure period (upper values) and during 

the control period (lower values.) . 

* denotes sequences used in the ANOVA analysis 

Table 5. Percent of Total Frequency for sequences of 

behavior in 0.5 g/liter ethanol during the 

ethanol exposure period (upper values) and 

during the control period (lower values), 

* denotes sequences used in the ANOVA analysis 
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Table 6. Percent of Total Frequency for sequences of 

behavior in 1.0 g/liter ethanol during the 

ethanol exposure period (upper values) and 

during the control period (lower values), 

* denotes sequences used in the ANOVA analysis 

Table 7. Percent of Total Frequency for sequences of 

behavior in 1.5 g/liter ethanol during the 

ethanol exposure period (upper values) and 

during the control period (lower,values), 

* denotes sequences used in the ANOVA analysis 
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Table 8, Percent of Total Frequency for sequences of 

behavior in 2,0 g/liter ethanol during the 

ethanol exposure period (upper values) and 

during the control period (lower.values). 

* denotes sequences used in the ANOVA analysis 

Table 9. Percent of Total Frequency for sequences of 

behavior in 3.0 g/liter ethanol during the 

ethanol exposure period (upper values) and 

during the control period (lower.values). 

* denotes sequences used in the ANOVA analysis 



p
r
e
c
A
d
e
a
 

p
r
e
c
e
d
e
s
 

follows 

•«« 
tending 

chase 
faded 
female 

nesttng 

spawn 

t-clrcle 

chasing 

guarding 

Inatten. 

follows 

«c c 

» ♦» 

« 4) « 
mxi s 
jz m 9 
U W 



Effects of Ethanol on Time Spent at Each Behavior 

The mean time spent at each behavior per observation 

period was also calculated for each ethanol concentration 

(Figures 1? through 24). Egg tending, guarding, spawning, 

t*ccircling, and chasing a faded female all decreased in mean 

time as ethanol concentration increased. Nesting time increased 

during the second week in the control tanks and in concentra%|B 

tions of 0.5 and 1.0 g/liter ethanol, and decreased in the 

remainder of the ethanol concentrations. Chasing time increased 

at 0.5 g/liter, and decreased at 1.5» 2*0, and 3*0 g/liter 

ethanol. Mean time spent at inattentive behavior increased 

as the ethanol concentration increased. 

Linear trend analysis was performed on this data and 

is presented in Table 10. All behavior times except egg 

tending and t-circling were.significant at the p<.05 level, 

indicating that time spent at these behaviors decreased as 

ethanol concentration increased. 
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Figure 17. Time spent at egg tending behavior 

(... control;   ethanol) 

Figure 18, Time spent at nesting behavior 

(... control;   ethanol) 

Figure 19. Time spent at t'-circle behavior 

( ... control;   ethanol) 

Figure 20. Time spent at spawn behavior 

( . control; ethanol) 
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Figure 21. Time spent at chase j^aded female behavior 

(’., . control;    ethanol) 

Figure 22. Time spent at guard behavior 

(... control;   ethanol) 

Figure 23. Time spent at chase behavior 

(... control;   ethanol) 

Figure 24. Time spent at inattentive behavior 

(... control;   ethanol) 
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Table 10. Linear trend 

at each behavior. 

Behavior 

Egg Tending 

Chase Faded Female 

Nesting 

Spawning 

T-circle 

Chase 

Guard 

Inattentive 

analysis on time spent 

F-value 

3.76(NS)* 

4.89 

23.80 

4.97 

1.20(NS)* 

9.34 

25.47 

53.79 

*Not significant at the p<.05 level. 



III. EGg PRODUCTION RESULTS 
2 

A Chi square test performed on this data (x =22.22, 

df'5) indicated that egg production was reduced at the highest 

ethanol concentration, 3*0 g/liter ethanol (Table 11). 

IV. EGG HATCHABILITY RESULTS 

The percent, of eggs hatching after incubation in ethanol 

concentrations ranging from control through 3*0 g/liter is 

presented in Table'12. Percent survival for all concentra- 

tions exceeded The results indicated that ethanol did 

not induce high embryo mortality at any of the concentrations 

tested. 

V. LARVAL SURVIVAL RESULTS 

The percent of larval survival across ethanol concen- 

trations ranging from control through 3-0 g/liter is presented 

on Table 13* Percent survival for all concentrations exceeded 

90%. These results indicated that ethanol was not lethal to 

the larvae at the concentrations tested. 
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Table 11. Presence or absence of eggs on the 

substrates during the ethanol exposure period 

Ethanol Concentration (g/liter) 

Control 0.5 1.0 1.5 2.0 3.0 

Eggs 

No Eggs 

10 12 12 12 11 4 

3 1112 9 
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Table 12. Percent of eggs hatching across ethanol 

concentrations. 

Cone. 

(g/liter) 

Percent 

Survival 

Number of 

Eggs Incubated 

Number of 

Dead Eggs 

Control 

0.5 

1.0 

1.5 

2.0 

3.0 

98.5 

94.5 

94.2 

98.1 

96.1 

100 

136 

200 

121 

155 

127* 

200** 

2 

11 

7 

3 

5 

0 

*95 eggs collected from Control tanks and incubated 

in 2.0 g/l 

**100 eggs collected from Control tanks and incubated 

in 3.0 g/l 



Table 13. Percent of larval survival across ethanol 

concentrations 

Cone. 

(g/liter) 

Percent 

Survival 

Number Number 

Larvae Dead 

Exposed Larvae 

Control 

0.5 

1.0 

1.5 

2.0 

3.0 

98.7 

90.7 

100 

99.3 

97.3 

96.0 

150 

150 

150 

150 

150 

150 

2 

14 

0 

1 

4 

6 



DISCUSSION 

When the behavior during the control period was examined, 

each behavioral category contributed a relatively constant 

percent of the Total Frequency. It would seem that the 

behavior was consistent, although some variation among the 

males did occur. Slater (I98I) discussed reasons for indivi- 

dual behavioral variations. He stated that "it may benefit 

animals to adopt different strategies depending on what 

others are doing." This phenomena was most pronounced when 

the subordinate male intruded into the substrate territory of 

the dominant male. A guard behavior was frequently sufficient 

to deter a passive intruder from the area, whereas a chase 

was necessary if the intruding male was moreaggressive. 

When the fish were exposed to concentrations of ethanol 

ranging from 0.5 to 3-0 g/liter ethanol for 5 days there was 

a decrease in the Total Frequency of behaviors which became 

more pronounced at the higher concentrations of ethanol. 

When the observed behaviors were divided into eight discrete 

categories no single behavioral category contributed to the 

reduction but rather the frequency of each category was 

reduced. Accompanying this reduction in activity was an 

increase in time spent at inattentive behavior which increased 

as ethanol concentration increased. Although the activity 

of the dominant male was reduced, there were no 
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obvious signs of motor impairment in these fish. 

When the Total Frequency was examined the only behavior 

without significant change was egg tending. The fish seem to 

maintain this behavior regardless of the ethanol. The time 

spent ?lt egg tending was also not significantly different 

than the controls. 

Time spent at t-circling did not differ from the control 

situation but the frequency of t-circling was reduced. There- 

fore, the dominant male spent more time at each bout of t- 

circling. The proportion of successful spawnings, as indicated 

in the sequences of t-circling to spawning, was the same as 

would be expected in the control situation, although it appeared 

that fewer eggs were produced at the higher ethanol concen- 

trations. Since the subordinate fish canabalize the eggs on 

the substrate, egg counts would reflect the ability of the 

dominant male to guard the substrate and chase intruders, 

rather than the number of eggs produced. Since the frequency 

and the time spent at guarding and chasing behaviors were 

reduced after the ethanol exposure, subordinate fish were more 

likely to canabalize the eggs. 

Peeke, ^ (1973) noticed a similar pattern when 

examining aggressive behavior in convict cichlids. These 

authors found with increasing concentrations of ethanol (0.?, 

1.8, and 3*3 g/liter ethanol) there was a progressive decrease 

in the number of attacks against intruders. 
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When the percent of Total Frequency was ctlcul^ted for 

sequences of behavior, it was found that these sequences did 

not occur randomly. Of the ^6 possible sequences, 10 cumula- 

tively contributed over 80^ of the Total Frequency. If these 

sequences of behavior were drastically altered after ethanol 

exposure, it would seem likely to reduce the communication 

between the male and the females, causing an interruption or 

elimination of spawning. But, when examined across all 

ethanol concentrations tested, these 10 sequences were retained 

despite the reduction in Total Frequency. Therefore, the 

ethanol had not appreciably altered the pattern of behavior 

except to reduce the amount of activity. 

This reduction in activity was accompanied by a reduction 

in spawning behavior. The‘reduction in spawning behavior 

found at the higher concentrations of ethanol (1.5f 2.0, and 

3*0 g/liter) was not due to a lack of egg viability at these 

concentrations. It would seem likely that if the eggs were 

not surviving, the adults would no longer tend to the develop- 

ing eggs or continue to spawn (Van lersel, I970). But, the 

egg hatehability study showed ithat -the ^ eggs were viable 

since over 9^^ hatched in all concentrations of ethanol tested. 

The ethanol, therefore, was affecting the behavior of the 

adults in such a way as to reduce reproductive behaviors 

regardless of egg viability. This effect can not be attributed 

to any one behavioral category, nor to the critical sequences 
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of reproductive behavior, since these were not affected by the 

ethanol treatments. Rather, a reduction in total activity 

appears to be the controlling factor, a quantitative not 

qualitative effect. It appears that the dominant male must 

maintain a minimal amount of the activity to successfully 

spawn. 
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CONCLUSIONS 

The methodology used in this study is representative 

of a type of behavioral design which could be performed to 

determine sublethal effects of toxicants on aquatic organisms. 

The method lends itself to chemicals that are known to affect 

the central nervous system and therefore, behavior. Rather 

than examining a single behavioral parameter, this method 

examines the components of flagfish reproductive behavior: 

egg tending: nesting: t-circling: chasing a faded female: 

spawning: guarding: and chasing. As demonstrated, the data 

can be examined for changes in Total Frequency, time spent at 

each behavior, and sequences of behavior. Behavioral alteraty^^ 

tions attributed to the toxicant can be examined with respect 

to effects which may develop at differentrates depending on 

concentration and time of exposure, and therefore assist in 

determining safe levels of toxicants discharged into the 

aquatic system. 

In this study sublethal ethanol concentrations did not 

affect survival of the eggs or larvae at any of the concentra4; 

tions tested, yet parental behavior was altered in such a way 

that the fish at the highest concentration were no longer 

spa.whir^g. Although the ecological significance of some behav- 

ioral alterations may be ambiguous the impact of this result 

is certainly not. Since recruitment is inherent to the contin- 
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uation of a species, this behavioral alteration would eventually 

result in a collapse of the fish population. 
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APPENDIX A. 

A Review of Selected Literature on Fish Behavior 
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APPENDIX B. 



Table 1. Water Chemistry Analysis. (All values in 

mg/l unless otherwise indicated.) 

PARAMETER 

Hardness as CaC03 

Alkalinity 

Iron as Fe 

Chloride as Cl 

pH (pH units) 

Turbidity (turbidity units 

Conductivity (umhos/cm) 

Sulfate 

Ammonia nitrogen 

Kjeldahl nitrogen 

Nitrates 

Nitrites 

Total phosphorus 

Copper 

Nickel 

Lead 

Zinc 

CONCENTRATION 

47 

33 

0.10 

3.8 

7.0 

) 0.10 

124 

10 

0.02 

0.06 

0.25 

0.001 

0.002 

0.050 

0.006 

0.001 

0.009 
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Table 2. Mean Temperature, pH, and Dissolved 

Oxygen during the 1st run (istandard deviation). 



Nominal 
Eton cone 
(g/liter) 

0.0 

0.0 

0.0 

0.0 

0.5 

0.5 

0.5 

0.5 

1.0 

1.0 

1.0 

1.0 

1.5 

1.5 

1.5 

1.5 

2.0 

2.0 

2.0 

2.0 

3.0 

3.0 

3.0 

3.0 

Temperature 

( "C) 

28.1±0.7 

27.910.8 

27.9±1.1 

27.510.8 

28.1± 0.7 

28.0± 0.7 

27.9+1.0 

27.710.8 

28.010.7 

27.9i 0.7 

28.li 0.8 

27.610.6 

28.2+0.7 

28.110.7 

28.210.7 

27.610.8 

28.2i 0.7 

28 . li 0.8 

28.li 1.4 

27.7+0.8 

28.310.6 

28.010.7 

28.110.6 

27.810.7 

pH 

(pH units) 

7.2 ±0.2 

7.110.1 

7.1+0.9 

7.510.3 

7.210.2 

7.2+0.1 

7.1+0.9 

7.510.3 

7.110.3 

7.210.1 

6.910.7 

7.410.3 

7.110.2 

7.210.1 

7.110.8 

7.410.3 

7.110.3 

7.110.2 

7.0+0.7 

7.4 +0.3 

7.1 10.2 

7.110.2 

7.110.2 

7.410.3 

DO 

(mg/liter) 

7.5 

7.4 

— * * 

7.310.7 

7.4 

7.4 

— * * 

7.410.7 

7.3 

7.2 

” * * 

7.I1I.0 

7.6 

7.4 

“ * * 

7.410.7 

7.6 

7.1 

” * * 

7.5+0.8 

7.7 

7.5 

“ * * 

7.4+0.6 

**No data collected 
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Table 3. Test tank water chemistry results during 

the 2nd run (±standard deviation). 



Nominal 
Eton cone. 
(g/liter) 

0.0 

%.JQ ^ 

0.0 

0.0 

0.5 

0.5 

0.5 

0.5 

1.0 

1.0 

1.0 

1.0 

1.5 

1.5 

1.5 

1.5 

2.0 

2.0 

2.0 

2.0 

3.0 

3.0 

3.0 

3.0 

Temperature 

( -C) 

27.7+0.7 

27.7±0.7 

27.2±0.7 

27.2±0.7 

27.7±0.7 

27.6±0.7 

27.1±0.7 

27.3±0.6 

27.7±0.7 

27.7±0.7 

27.4±0.6 

27.3±0.8 

27.8± 0.7 

27.8±0.7 

27.3±0.3 

27.210.7 

27.810.7 

27.9±0.7 

27.3±0.6 

27.310.7 

27.810.7 

27.710.7 

27.31 0.7 

27.410.7 

-58- 

PH 

(pH units) 

7.4+0.1 

7.3±0.0 

7.5±0.1 

7.5±0.0 

7.5±0.1 

7.5±0.0 

7.6±0.1 

7.510.0 

7.310.0 

7.310.1 

7.310.1 

7.5+0.0 

7.310.0 

7.310.1 

7.410.0 

7.410.0 

7.310.0 

7.3+0.0 

7.510.1 

7.410.1 

7.310.0 

7.410.1 

7.410.2 

7.410.0 

DO 

(mg/liter) 

7.340.1 

7.310.4 

7.510.3 

7.7+0.4 

7.410.3 

7.510.4 

7.410.3 

7.710.4 

7.3±0.3 

7.310.3 

7.2+0.3 

7.7+0.4 

7.310.3 

7.410.4 

7.410.3 

7.710.4 

7.410.3 

7.4+0.4 

7.5+0.4 

7.6+0.6 

7.310.3 

7.510.4 

7.310.4 

7.6+0.4 



Table 4. 

deviation) 

Control 

Tanks 1 

Tanks 2 

Tanks 3 

Tanks 4 

Tanks 5 

Mean ethanol concentration (istandard 

1st RUN 

0.0±(0.0) 

0.4±(0.0) 

1.0±(0.0) 

1.4±(0.0) 

2.0±(0.1) 

3.0±(0.5) 

2nd RUN 

0.0 ±( 0.0 ) 

0.5±(0.1) 

1.0±(0.1) 

1.5+(0.1) 

2.1±(0.1) 

2.9±(0.1) 
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