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Introduction

of psychiatric disorderd_(ndsley, 2012). This drug is not fully broken down in the
human body owastewater treatment plants, thus it enters the environment when t
treated wastewater leaves the plants (Cunningham et al., 2006; Arnold et al., 201
Traceable levels of fluoxetine and other SSRIs have been found in drinking water,
groundwater, and surface water in levels up to 540 Mgyingolf et al., 2010; Silva
et al., 2012).
As a selective serotonin reuptake inhibitor (SSRI), fluoxetine works at
neuronal synapses in the brain to allow serotonin to remain in the synaptic cleft
| onger (Yue et al ., 2017) Some of t
Fluoxetine exposure slowed or inhibited righting in mud snails, potentially leaving
them more vulnerable to predation (Fong et al., 2016). In addition, two species of
shore crabshowed increased locomotion when exposed to fluoxdtiiesdquitaet
al., 2011, Peters et al., 2017). Few studies have been done on the effect of fluoxe
on aquatic ani mal behavior and not hi
chelicerates. For these reasons, it is unknown how the behatonubis
polyphemusthe American Horseshoe crab, might be affected by exposure to the
drug. As a keystone species, a chandanmmulusbehaviors such as orientation,
locomotion, and righting could impact many other organisms in its environment.
While serotonin is present in themuluscentral nervous system, few studies
have investigated what role it plays (Battellaman& Hart, 1999). Serotonin
Injections into the brain of a snail cause a decrease in locomotion (Pavlova, 2001)
and initiated avoidance behaviors in response to stress in crdybissagt al.,
2014). We hypothesize that, based on the effects of fluoxetine in other organisms,
chronic exposure to fluoxetine may increase the righting times and locomotion, as
well as alter orientation preferenced.imuluspolyphemus

Methods

Animals & Environmental Conditions.

The adult American Horseshoe Crabispuluspolyphemus(N = 12) were obtained from the Marine
Biological Laboratory in Woods Hole, Massachusetts. There were four females and eight males to
behavioral differences between sexes. Thaselluswere maintained in a constant 12:12 liglatrk cycle.
They were housed in ondtdiameter circular tank with ~32 gallons of artificial salt water28C; 2833
PSU). Two water pumps (Rio+ Agua Pump 180) were used to transfer and help aerate water from t
holding tank into a smaller container with a filtration system consisting of bio balls and floss to help
nitrates from the water. A larger pump (Rio+ Aqua Pump 1100) was then used to transfer the aerate
saltwater back into the holding tank.

Experimental Procedure

Drug Administration.

In this experiment, fluoxetine (Sigr#sdrich, Saint Louis, MO) was administered to achieve four differ
concentrations: 0 ng/L, 50 ng/L, 500 ng/L, and 5000 ng/L. The duration of fluoxetine exposure was ¢
week of 0 ng/L, three weeks of 50 ng/L, three weeks of 500 ng/L, and one week of 5000 ng/L. Prolc
exposure of fluoxetine with increasing concentrations were used to determine if either could affect t
behaviors ol.. polyphemusFluoxetine was administered during half water changes. Due to the findin
water level change has a major impactonuluscircatidalrhythm (Chabot et al. 2011), water levels we
kept consistent during half water changes.

Locomotor Activity Methods & Analyses.

HOBO Pendant G Data Loggers (Onset Computer Corporation, Bourne, MA) measured acceleratio
X, Y, and Z axes relative fomuluswhile they were within the circular tank. These loggers were set to
record location once every minute for fifteen days. The loggers were all secured facing the same di
on theLimuluscarapaces with zip ties fastened by duct tape and super glue. The loggers were affixe
way to reduce false data collected, thus ensuring that recordings reflectédhaullysmovement. Male
Limulusalso had their claspingedipalpgaped closed to preveamplexingonto females, which could
Inhibit their movement. Locomotor data were obtained from the loggers H&iBwarePro v3.7.13
(Onset Computer Corporation; Bourne, MA)sing the raw data frolHOBOware a threshold of 0.04 wa
determined from personal observations of recorded videos to accurately show periods of intentiona
movement and reduce the noise of data. This data was then used to measure the percent of the da
animals were active. Similarly, the amount of time the animals were active when exposed to light cg
to dark was calculated. In addition, actograms and L-8gdrgleperiodogramsvere produced to measure
ani mal 60s r ClogkidbAnalysis. &\ Chrsguare analysis was used to find changes in rhythms
when compared to baseline.

Righting Reflex Methods & Analyses.

The righting reflex was measured in a choice slope tank (240 cm x 61 cm x 61 cm). The tank was b
from plywood coated in fiberglass which was painted white, and sloped at (~22 degrees) down into
deep end (61 cm deep). This tank was created to simulate the estuarine environment. To measure
Limuluswere placed on its carapace into the choice tank one at a time, while a camera was recordi
30fps streaming to a computer for five minutes. The righting time was recorded with a stopwatch a
Limulusdid not right within five minute the organism was manually flipped and recorded as taking 3(
seconds to right. Two measurements of righting times during baseline were compared-Wékht a0l
determine if data could be averaged together. The same procedure was used on righting times duri
ng/L, 500 ng/L, and 5000 ng/L with oiveay ANOVA instead. Another oa@ay ANOVA was used to
determine if there was significance between each treatment as well. The threshold for statistical
significance wap < 0.05. Because the ratio betweaelsonlength and prosomal width has been found ta
play a role inLimulusrighting, we measured prosomal width daldonlength to later determine if this
ratio affected righting times/psatka 1970;Botton& Lovel and, 1989). We d
compare this ratio with animalso righting ti
Orientation Preference Methods & Analyses.

Orientation was conducted in the same choice tank as used in the righting test. Data was recorded
Limulusrighted themselves. The HOBO Pendant G data loggers recorded locomotion during the oric
study with the exclusion of the data from the time of transportation between tanks. Recardigysvere
done over a period of two days total. Orientation data were obtainedefta¥isionXT 13 (Noldus
WageningenNetherlands) and Oriana v 4.02 (Kovach Computing Services; Anglesey, United Kingd
EthoVisionwas used to quantify movement (mm/min) and directionality from recorded footage.
Directionality was quantified as meander expressed in angular degrees (deep et)d @@ was used
to plot and graph the raw data exported fiethoVisionto better convey mean favored vectors and leng
of those vectors. Significance was d&0.@6r mi ne
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Fluoxetine decreases percent daily activity

fFiau?eg. 'Phg effécts of fluoxetine on percentage of the ldayuluswere active.

A Percent daily activity during baseline was significantly higher than after

fluoxetnead mi ni stration (F(3, 44)hec 20.
p<0.05)
Rhythms do not persist after exposure
500 | 5000
O ng/L |50 ng/L| ng/L | ng/L
Response to light
(%) 25.00 | 58.33 | 75.00| 58.33
Circadian
rhythms (%) 8.33 | 16.67 | 41.67 | 41.67
Circatidal
rhythms (%) 66.67 | 25.00| 8.33 | 33.33

response.

(63(1)=5.33-12.00, p<0.0%

A Circatidali decreased during 500n(1)=6.13,p<0.05)
A Daily i increased during 500ng and 5000ng conditi@d)=16.00,p<0.05)

Table 1.The effects of fluoxetine ohimuluspercentactivity rhythms and light

A Response to lightincreased in each condition when compared to baselin
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Figure4. The effects of fluoxetine on percentage of light (green bar) and dar

(black bar) periods the animals were active. Astdrisk0.001
A Percent activity during light period was significantly higher than after

fluoxetine exposure (F(3,44967,p <0. 00 1,

Fluoxetine decreases percent activity
during light
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A No effect of fluoxetine on percent activity during the dark

No effect of fluoxetine on orientation preference

Pearsonb6és correlation to

Figure2. The effects of fluoxetine ohimulusdeepshallow orientation preference. Blue arrowsean vector of an individual animal. Black arrew

s mean vector of all animals. Bold circle indicates significance for orientation and movesehing).
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The effect of fluoxetine on locomotion, orientation and righting times in American horseshoe cradsmulus polyphemus
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Righting times not affected by fluoxetine

Ong/L 50ng/L 500ng/L  5000ng/L
Fluoxetine concentration

Figure 5.Effect of fluoxetine orLimulusrighting times. Average righting times

of all animals throughout each condition.

A Na eff cbo quoxePne on righting timé- (2 3) = 0.69p = 0.51)

A NO correlation between rlg tlngﬁqmeps an%l prosotaemsionratio (r=-0.23,
p=0.48)
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Discussion

Our results indicate that exposure to fluoxetine resulted in a significant decrease
Limulusactivity. This differs from two species of shore crab that showed increases i
locomotor activity when exposed to fluoxetine, although the details of the studies
varied. In one of these studies, the dosage used was much higher (120,000 ng/L)
an exposure time of one wedddsquitaet al., 2011), while in the other the dosages
used were lower (3 and 30 ng/L) with nine weeks of exposure (Peters et al. 2017).
our study, we administered environmentally relevant levels (50, 500 ng/L) and a hig
dose (5000 ng/L) of fluoxetine over nine weeks. This suggests that these
concentrations of fluoxetine in the environment may change locomotor behavior in
Limulus potentially affecting spawning, feeding, and overall fitness.

Circatidalrhythms of horseshoe crabs did not persist in the presence of fluoxeti
Circatidalrhythms, in general, are not very robust in many animals and do not persi
for long in laboratory conditions (Palmer, 1990). However, horseshoe crabs show
robustcircatidalrhythms that usually persist for about seven weeks before they begi
to fade (Chabot & Watson, 2010) contradicting observations in our study showing t
decline ofLimulusrhythm directly following fluoxetine exposure. In addition, a
significant decrease in activity during the light period was observed, but no significe
change of activity was detected in the dark period. This decrease suggest that
fluoxetine could possibly affect the
Limulususe tides, which can occur in both the day and evening, as cuas&bidal
rhythms, suggesting a role the shift of endogenous rhythms discussed previously.
Endogenous rhythms sucha@aescatidalrhnythms allowl.imulusto synchronize to their
environment and a change in these rhythms can disrupt activities such as feeding &
spawning (Chabot & Watson, 2010).

Righting times oLimuluswere not significantly changed by exposure to
fluoxetine. This contrasts the effects on a species of marine snail, where exposure
3450 ng/L for one or two hours at a time resulted in an increased righting time (Fo
al. 2017). Longer righting times may result in an increase in vulnerability to predatic
and reduce desiccation avoidance. However, our results suggest environmental le
of fluoxetine may not affedtimulusability to right or risk avoidance behaviors.

Orientation preference aimulusdid not show a significant change when they

swere exposed to fluoxetine. In fact, horseshoe crabs showed no orientation prefere

In this study. In the field,.imulushave been found to have a preference for deeper
waters when on sloped beaches during the months of May and June when they are
actively spawning (Cheng et al., 2016) and may also be observed from late spring
through early fall during feeding seasd@of{ton& Ropes, 1989). This might support
that orientation preference may be most importahirtalusduring these periods.
Since data collections began in late winter, horseshoe crabs may not express any
orientation preferences.

These findings can be furthered by observing effects of long term exposure of
fluoxetine on the development and behavior of juvenile horseshoe crabs, and whet
they are affected at lower doses. Additionally, other SSRIs, drugs, or combinations
drugs can be tested to determine any potential effects on Limulus or other aquatic
animals. Future studies can be conducted at different times of the year such as, fee
and spawning seasons.

Acknowledgements

Supported by the Biological Department, NINRBRE and the
Institutional Development Award)eA). Special thanks to -
DianaJolles Dr. Heather Chabot, Tyler Thomas and Adan :
Chastarfor their help

Z

at i —

ons (Rayl ei ghos

NFR=INBRE



