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BIOLOGY 141 Section 3INTRODUCTION
Fertilizers are regularly used in agriculture to stimulate growth of crops by 

providing the plant with its essential macronutrients; nitrogen, phosphate, and 
potassium. An issue proposed by the US Environmental Protection Agency states 
that because the common use of fertilizer is for farming, fertilizer often results 
in water runoff either due to precipitation or irrigation. This excess nitrogen 
within the fertilizer creates overwhelming algae blooms that will suffocate 
aquatic life (U.S. EPA 2005). Fertilizer runoff in small streams may then become a 
larger issue if the excess nitrogen reaches large bodies of water.

Our study examined if the common fertilizer Miracle-Gro, produced by the 
Scotts Miracle-Gro Company©, would cause a decrease in the agonistic behavior 
of the Procambarus Clark crayfish species. Although these nutrients are 
beneficial to crops, it is possible that the nitrogen could have detrimental effects 
on the crayfish. Crayfish can live in a variety of moist areas that include streams, 
rivers, swamps, lakes, and ditches. Thus, fertilizer runoff is relevant to the 
survival of crayfish since it directly impacts the habitat.

A study by Ilha and Schiesari (2014) conducted a similar experiment involving 
the survival and behavior of gladiator tadpoles. The results concluded that over 
a long period of time, inorganic nitrogen will cause lethal effects in survivorship 
of the larvae (Ilha and Schiesari 2014). Based these findings, we hypothesized 
that increasing the Miracle-Gro concentration will cause crayfish to exhibit more 
passive behavior (less agonistic displays). Specifically, we predicted that crayfish 
will show a decrease in agonistic behavior with a higher miracle grow 
concentration level because the fertilizer will interfere with the crayfish’s 
olfactory system. The olfactory system is responsible for responding to signals 
and the ability to locate food in crustaceans, therefore interference from 
chemicals of the highest concentration of fertilizer would lead to less agonistic 
behavior (Horner et. al. 2008). Miracle-Gro concentrations used in this 
experiment were based on two common Nitrogen concentrations found in 
ground-water in agricultural sheds: 4 mg/L and 8 mg/L (U.S. EPA 2005). The null 
hypothesis is that these Miracle Gro concentrations will have no effect on 
crayfish behavior. The null prediction is the fertilizer concentration will have no 
effect on the crayfishes initiated fights and therefore the agonistic behavior.

METHODS
There were 16 crayfish total in the experiment, 10 female and 6 male. Two 

different Miracle-Gro concentrations were tested at 33.4mg/L and 66.7mg/L with 
a control. These concentrations were calculated using two standard runoff 
concentrations of Nitrogen (4 mg/L and 8 mg/L). Experimental concentrations 
were found by using percent mass of nitrogen in Miracle Gro (12%) and then 
applying it to the standard runoff concentrations. Five trials were recorded at each 
of the three concentrations. All crayfish lived in the same substrate (rock). In 
addition, one unaffected crayfish was used to interact with all the crayfish and 
observe agonistic behavior. Each recording observed the agonistic behavior of the 
affected crayfish when presented with the unaffected crayfish over a 10 minute 
period. Agonistic behavior was recorded in the form of confrontation between 
each crayfish. These include both fleeing or actual physical contact (Image 3). Each 
affected crayfish soaked in their solution of Miracle-Gro for 30 minutes before 
being introduced to the unaffected crayfish. An Anova and Post Hoc were then 
run on the number of initiated fights by SPSS (IBM SPSS Statistics).

RESULTS
We predicted that increasing the concentration of Miracle-Gro would 

cause crayfish to exhibit more passive behavior (less agonistic displays). The 
mean number of fights for each of the three concentrations are shown in 
Figure 1. To test for significance, a One-way ANOVA and Post Hoc Test (SNK) 
were conducted. The results indicated no significance between groups and 
therefore Miracle-Gro had no effect on agonistic behavior (Figure 3). In 
addition, the ANOVA resulted in a f-stat of 0.695 with two degrees of 
freedom (Figure 3). The p-value was determined to be 0.518. Therefore, we 
accepted the null hypothesis that Miracle-Gro concentration has no 
immediate effect on the crayfish agonistic behavior. 

DISCUSSION
The significance of this experiment was to determine if Miracle-Gro fertilizer 

had an effect on crayfish agonistic behavior. Contrary to our predicted results, the 
presence of nitrogen in the form of Miracle-Gro fertilizer (in concentrations that 
would be present in agricultural runoff) had no effect on agonistic behavior in 
crayfish. There are multiple explanations for this including that the Ilha and 
Schiesari (2014) experiment involved Hypsiboas faber gladiator tadpoles, an 
amphibian that has major differences in physiology to crustaceans such as crayfish. 
The experiment also focused on gladiator tadpole larvae, which could give a 
possible indication that crayfish eggs and offspring are more susceptible to 
nitrogen concentrations than their adult counterparts (Ilha and Schiesari 2014). 
Another explanation for the nitrogen solution not having an effect on the agonistic 
behavior of crayfish is the amount of time they were in the solution. In our 
experiment, the crayfish were in the solution for thirty minutes, while in Ihla and 
Schiesari (2014) experiment the tadpoles were exposed to solution for 21 days. A 
source of error in our trials could have come from our movement around the room 
that the experiment was conducted in. The crayfish would raise their claws when a 
person got closer to them, which diverted their attention away from the other 
crayfish. Future research would include finding an optimal time for nitrous 
exposure that produces a physical result in crayfish. This experiment lacked 
information on how long it takes for P. Clarki to metabolize nitrogen, an alternative 
hypothesis would include accurate exposure times to the solution based on the 
rate of which P. Clarki metabolizes nitrogen.
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CONCLUSION
Short periods of exposure to inorganic nitrogen in Miracle-Gro has no 
effect on agonistic behavior of adult crayfish. Therefore, the 
concentrations of Miracle-Gro found in runoff water does not have an 
immediate effect on agonistic behavior in Procambarus Clark crayfish 
when exposed for less than one hour.

Figure 2. Picture of Crayfish Interaction that would be defined as a fight as stated in the 
methods
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