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INTRODUCTION
Coffee and alcohol from human negligence can end up in nearby bodies of 
water, affecting the freshwater organisms inhabiting those areas. For this 
study, the crayfish has been chosen to determine what some possible short-
term effects are when freshwater animals are exposed to caffeine or alcohol. 
Past studies have exposed crayfish to ethanol and caffeine to study the effect 
on behavior and the neuromuscular system. In a study conducted by Blundon
and Bittner in 1992, crayfish exposed to 434mM ethanol displayed signs of 
hyperexcitability within 30 minutes to 2 hours. Caffeine, on the other hand, 
evokes crayfish muscle contraction (Chiarandini et al., 1970). In this 
experiment, we investigate the effect of ethanol and caffeine on crayfish (P. 
clarkii) aggression. Our goal is to determine if caffeine and ethanol will affect 
social behavior and increase aggression. Aggression will be determined by 
the number of fights in which each crayfish participates, and a fight is 
defined as any violent physical exchange between crayfish such as forceful 
contact of pincers with another crayfish. Therefore, our research will provide 
insight into how crayfish social behavior will be affected if their environment 
is exposed to caffeine or ethanol. It is hypothesized that groups of 3 crayfish 
exposed to either 10mM caffeine or 434mM ethanol will be more aggressive 
than when exposed to water, due to increased muscle contractions and 
hyperactivity caused by caffeine and ethanol respectively. Our null 
hypothesis is that caffeine and ethanol will have no effect on the number of 
fights. We predict that both ethanol and caffeine will lead to a significant 
increase in the number of crayfish fights.

METHODS
Twelve P.clarkii crayfish were obtained and randomly assigned into groups of 
four, and it was ensured that there were two males and two females in each 
group. Each group was placed in a tank with water and observed for 20 
minutes. The number of fights, defined as a violent physical exchange such as 
forceful contact of pincers with another crayfish, was counted for each 
crayfish during this time. One week later, one tank was filled with 434mM 
ethanol and another was filled with 10mM caffeine. The same crayfish from 
the week before were split into different groups of three, two of which 
would be placed into the ethanol tank, and the other two would be placed 
into the caffeine tank. As before, fights were recorded over a 20-minute 
period for each group in their respective tanks. These data were then 
analyzed using a Wilcoxon statistical test in SPSS (Version 24.0) to determine 
whether there was a significant difference in the mean of the number of 
fights in the different environments. These statistical results are shown in 
Figure 1.

RESULTS
The mean number of fights for the caffeine control group was 9.8 (±SE), and 
the experimental mean was 5.2 (±SE) (Figure 2). Although there was a 
decrease between the means, this decrease was not statistically significant, as 
shown by the p-value of 0.345 (z-stat=-0.943). This is reinforced by the 
standard error which was 1.9 for the control group and 2.3 for the group in 
10mM caffeine. Additionally, the mean number of fights for the ethanol 
control group was 5.2 (±SE), and the experimental mean was 11.2 (±SE) (Figure 
3). Again, though there was an increase of the mean, this increase is not 
significant, as shown by the p-value of 0.249 (z-stat = -1.153). The standard 
error was 4.1 for the control group and 2.2 for the group exposed to 434mM 
ethanol. 

DISCUSSION
Our study showed no difference between P.clarkii aggression in water and 

in caffeine or ethanol. This does not correspond to the studies of Blundon and 
Bittner and Chiarandini et. al. upon which this study was based. However, 
these experiments were carried out under much different conditions. These 
studies involved longer durations of time, more crayfish, and more repeats. 
Because our standard errors were so large, we believe that more precise 
results could have been obtained from more repeats, which may lead to a 
greater significance. In addition to the differences from the study, another 
reason for the lack of significance may be the crayfish we used for this study. 
They were experimented on before our experiment was conducted, and this 
stress may have caused some damage to the crayfish which may have 
influenced our results. In future studies, fresh crayfish will most likely yield 
the best results. A study by Swierzbinski et. al. (2017) showed that the effects 
of ethanol on crayfish behavior can vary depending on the duration of 
exposure. More study in this area is needed to better understand these 
substances’ effects on freshwater organisms over longer exposure duration. 
Nevertheless, this experiment uncovered that there is no difference in P.clarkii
aggression after 20 minutes exposure to 10mM caffeine or 434mM ethanol.
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CONCLUSION
Caffeine and ethanol does not have a significant effect on the number of
fights participated by P.clarkii. It has been shown that it does not increase
aggression after 20 minutes exposure to 10mM caffeine and 434mM ethanol.

Figure 3: Two groups of three crayfish (n=6) each were placed in water and later 
434mM ethanol, and the number of fights per crayfish was recorded over a 20 
minute period for each condition. The mean number of fights for the control groups 
is 5.2 (± SE). The mean number of fights for the experimental groups is 11.2 (± SE).
.

Figure 2: Two groups of three crayfish (n=6) each were placed in water and later 
10mM caffeine, and the number of fights per crayfish was recorded over a 20 minute 
period for each condition. The mean number of fights for the control groups is 9.8 (±
SE). The mean number of fights for the experimental groups is 5.2 (± SE).

Figure 1: A Wilcoxon test was run in SPSS for each experimental group
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