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Abstract
Atrazine is an herbicide that has been intensively used in the Great Lakes basin for about
25 years and has a long half-life in cold, low productive aquatic systems (Schottler and
Eisenreich 1997). Atrazine has been increasingly found in drinking water, and has been proven
to impact aquatic flora and fauna (Guasch, 1997). One of the organisms possibly affected by this
chemical is crayfish. Crayfish are considered to be a keystone specie to Michigan aquatic
ecosystems due to their feeding habits and the food source they provide to predators. Previous
studies suggest that crayfish species have been negatively affected by the addition of atrazine to
waterways because it inhibits their olfactory and chemoreceptor processes. For this study we
subjected female Orconectes virilis crayfish to short term exposure of atrazine within a artificial
dynamic stream system. We believe that the short term atrazine exposure will affect the agonistic
behavior by being out performed by their naïve counterparts. After a 24 hour period, the crayfish
were placed in 5 minute bouts and scored on both passive and aggressive actions. From our
results, we did not find any significant differences in the agonistic behavior of control and
exposed groups of crayfish. Although we could not see the impact of acute exposure of atrazine
on agonistic behavior, prior studies have longer exposure has negatively impacted behavior and
reproduction. This in combination with our study may suggest that acute exposure to atrazine is
less harmful to stream ecosystems.

Introduction
The absence of one organism in an environment can drastically change the community
composition of an ecosystem or prevent it from existing all together. Species that have this
power over an ecosystem are referred to as a keystone specie. In Northern Michigan, the species
that fills this niche is Orconectes virilis. Crayfish affect freshwater ecosystems by removing
plants from the aquatic system that may increase turbidity, regulating fish populations by
consuming fish eggs, and being prey for both aquatic and terrestrial predators (Lodge,1987). In
addition to this, crayfish are sensitive to changes in water quality and chemistry, meaning they
are a good bioindicator of water quality (Belanger et al, 2015). In this study, we will examine the
sensitivity of this keystone specie to the addition of an herbicide.
In recent years the use of herbicides and pesticides have threatened freshwater
ecosystems due to agricultural runoff. For instance, atrazine is used in the agricultural industry to
manage the growth of broadleaf weeds and to increase yields of crops like corn, sorghum, and
sugarcane (Belanger, 2017). Atrazine was first introduced into the herbicide program in 1967
(Ryan 1970). From then on, it has been found to leave fields during severe weather events and to
enter groundwater through percolation, atrazine can easily reach streams and rivers which are the
tributaries to larger bodies of water (Belanger et al, 2015). In 2001, it was the most common
herbicide found in drinking water in the United States (Gilliom et al, 2007). Despite this, The
EPA has stated that atrazine is a potential endocrine disruptor, but does not pose health concerns
to humans (Atrazine, 2007). This, however, can not be said about aquatic life.
Atrazine, delivered to streams through runoff, can affect the chemoreceptors and
olfactory processes of O. Virilis crayfish, which, in turn, changes feeding behavior (Belanger et
al, 2015). This alteration can lead to reduced survivability for this keystone specie. In addition to

this, past studies have found that the reproductive processes of crayfish and other aquatic
organisms have been negatively affected (Guasch et al., 1997). In this study we will focus on
agonistic behavior between crayfish that usually occurs at sites of competition for resources.
These fights tend to be one sided, where one crayfish usually out competes the other (Parker,
1974). Intrinsic asymmetrical characteristics that impact the outcome of these fights include:
body size, also known as carapace (Bovbjerg, 1953, 1970), chelae size (Garvey and Stein, 1993)
and sex (Stein, 1976). Other factors that impact fights are extrinsic asymmetries, and these
include: prior residence (Peeke et al., 1995), differing fight strategies (Guiasu and Dunham,
1997) and other aggressive encounters (Rubenstein and Hazlett, 1974). Each of these factors
when combined will change the outcome of crayfish fights.
Atrazine is known to have a very high aquatic half-life, meaning it takes up to 7 years to
completely disappear from most freshwater basins including groundwater and river systems
(Comber, 1999). This study was created to observe the impacts of atrazine on the behavior of O.
Virilis crayfish after a 24 hour exposure at 200 micrograms per liter concentration within a
dynamic system. We hypothesize that O. Virilis crayfish subjected to the atrazine will not
perform as well as naïve O. Virilis crayfish which were not subjected to these concentrations.
Our determination of a good performance is based on more offensive tactics than passive. In this
study, we attempted to limit as many intrinsic and extrinsic asymmetrical factors as possible to
truly focus on the behavioral changes of O. Virilis crayfish after short term exposure to atrazine.

Methods
Using crayfish nets, female O. Virilis crayfish were collected from Burt Lake at the
Maple Bay State Forest Campsite in Cheboygan, MI. The carapace of the individual crayfish was

measured, and each was assigned a number. After numbering the O. Virilis crayfish, they were
placed into individual plastic containers and marked them with the corresponding number for the
crayfish. Once in the containers, they were placed into an isolation tank stream system filled with
water from the East Branch of the Maple River. To keep the crayfish out of direct sunlight, the
containers were weighed down in the tank and held there by a stone.

Fig 1. Picture of the artificial streams created at UMBS Stream Lab

We created two parallel artificial streams; one held 0.108m3, and the other held 0.114m3.
As for stream discharge rates for both the right and left, they were 4.32L/m and 4.70 L/m
respectively. We placed the naïve crayfish on the right side of the stream and exposed crayfish
on the left side. The water was fed into this system by a headtank that was connected to the water
source from the Maple River by PVC pipes. Additionally, a piece of plexiglass was placed in the

middle of both of the streams so that they were divided, but not enough to restrict the stream
flow on either the side of the glass. The reason for this was to maximize the amount of tests we
could run at one time. Focusing on the crayfish, four tether devices were created using three tiles
connected together by zip-ties. A fishing line was also tied to the tiles, and attached to the end of
that is a small piece of velcro. We allowed for a 5 inch distance from the tiles to the velcro. The
crayfish were paired by similarity in carapace size, and the crayfish’s right chelae was recorded.
Before being put into the tank, another piece of velcro was placed on the carapace of the crayfish
and attached to the tether.

Fig 2. Picture of the arena used to host crayfish fights
The atrazine solution that we used was 10 liters with a 0.2% concentration of atrazine.
This solution was stored in a three-gallon bucket placed on the wall dividing the two streams.
The atrazine was distributed to the left stream from the bucket using a small tube at the rate of
4.32 mL/m. This was done until all of the 10 liter solution had been delivered to the system. 24
hours after the initial exposure, the crayfish were collected and put into an arena (40.5 x 20.5 x
15 cm, Fig 2.). The arenas were filled with 3 liters of water, exposed crayfish were marked with

a white line, and crayfish were placed on each side of the divider. Once the divider was lifted, we
timed and recorded the bouts for 5 minutes. After the fight, the crayfish were scored on their
performance. Points were given or taken away based on passive or aggressive actions (Bergmann
and Moore, 2003, Table 1). We performed 2 control fights of Naïve vs Naïve and 2 control fights
with Exposed vs Exposed. Additionally, we had 7 fights of Naïve vs Exposed. The data was then
analyzed using R studio using a Wilcoxon and t-test.

Table 1. Scoring rubric for crayfish fights (Bergmann and Moore, 2003)

Results

Fig 3. Average points scored for Virilis crayfish. Control is the Naïve crayfish and the Exposed
are the crayfish subjected to the atrazine. n=22, +-2.29(SE)

Table 2. Depicts the results of a Wilcoxon rank sum test with continuity correction(n=22).
Comparing Fight scores of Naïve and Exposed crayfish

Wilcoxon Test
W

p-value

61.5

.9736

Table 3. Depicts the Average, Standard Deviation, and Variance of the Sample of female
Virilis crayfish used in the study (n=22).
Virilis crayfish Parameters
Carapace

Chelae

Average(mm)

SD

Variance

Average(mm)

SD

Variance

33.59

2.95

8.73

30.26

3.52

12.42

The variance between chelae size was 12.42 while the variance in carapace length was
less at 8.73 (Table 3). Additionally, there was a large SE of +-2.29 (Fig. 3) with n=22. This
shows that there were a total of 11 fights. According to our Wilcoxon test there was no
significant difference in the performance of the Naïve or Exposed crayfish (w=61.5, p=.9736).
The results of the crayfish bouts show that the the average fight score for the naïve was 6.36, and
the average for the exposed crayfish was 6.72 (Fig 3).

Discussion
Our hypothesis posited that the short term exposure to atrazine would impact the
behavior that female O. Virilis crayfish will display when faced with a situation where
aggression is needed, such as competing for space or resources. Specifically for this experiment,
we believed that female O. Virilis crayfish exposed to atrazine would score less points than the
naïve crayfish. From the research, our p-value of 0.9736 suggested that our results were not
statistically significant in relation to our initial hypothesis. Because of this, it is difficult to make
any assumptions about the effects of atrazine on crayfish behavior. This acute exposure to
atrazine did not seem to impact the chemoreceptors of O. Virilis by their seemingly unchanged
behavior and similar studies were seen in the preliminary research and showed that the
chemoreceptors were affected, but they did not study female O. Virilis specifically (Tierney,
2007, 2008).
Despite all of our attempts to make this study as controlled as possible, there were a
couple factors out of our control. For instance, when putting the crayfish in the isolation stream,
some of them died or lost a claw. When this happened, we rearranged the pairings in an attempt

to keep crayfish of similar sizes together. Sadly, this was difficult to achieve, so the crayfish
were usually paired with ones that had the carapace of chelae a millimeter or two larger or
smaller. Also, even if we were able to find crayfish of the same carapace length, the chalae size
was often different. This is seen in the high variance of 12.42 for chalae length (Table 3).
Also, the short term atrazine exposure was shorter than we initially expected. The 10
liters of atrazine being deposited at a rate of 4.32 mL/m took only 38 minutes for the atrazine to
enter the system. This time was also cut in half when both streams were fed atrazine from the
same bucket. This would make the exposure time only 19 minutes for each of the crayfish. Since
we did not score these crayfish until 24 hours after the initial exposure, with this short exposure
period, the crayfish might have had enough chemoreceptor recovery time and would not show
the effects of atrazine. The recovery process of crayfish exposed to atrazine in terms of their
chemoreceptor abilities was discussed in a previous study (Belanger et al. 2015). To further this
research, we are interested in understanding the impacts, if any, that atrazine would have on the
reproductive processes of female O. Virilis crayfish. As mentioned before, reproductive changes
have been seen in some organisms at low concentrations, and we would like to see if it impacts
crayfish in the same capacity.
In addition to the manipulation of the stream inputs, we encountered complications with
the stream system. For instance, we were unable to get the outflow rates of the streams the same
in both of the streams, but we created them to be as close as possible. Also, we were unable to
change the sediment on the bottom of the stream after every treatment group. There is evidence
of atrazine sinking to the bottom of river systems and becoming imbedded into the sediments
(Mengjie et al., 2017). With this in mind, there is a possibility that the atrazine accumulated in
the sediment could have impacted the data collected for the exposed crayfish. We decided to use

a dynamic stream system because it is most representative of areas of environmental concern
such as rivers and small streams, but a positive addition to this research would be to see the
impact that static conditions have on crayfish agonistic behavior. In future research, we will test
different species and sexes of crayfish in effort to get a more representative accumulation of data.
From this, we hope to bring attention to the potential impacts of atrazine in waterways, not only
to crayfish, but to other aquatic flora and fauna as well.
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