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ABSTRACT 

Nitrates are an important compound in nature. However, through a number of 

human activities, nitrate concentrations have exponentially increased in nature. Most of 

the anthropogenic nitrates come from fertilizers, sewage water, and other wastewater. 

These nitrates contaminate the water which can get into lakes, rivers, ponds, and other 

natural bodies of water.  Betta splendens are a well studied species in the animal behavior 

community. They have defined and quantifiable displays and characteristics during 

aggressive and mating ritual behavior. Betta splendens live in freshwater habitats that 

have most likely come in contact with the increased levels of nitrates. This study 

observed anxiety-like behavior of female B. splendens when exposed to increasing levels 

of nitrates (0 ppm, 10 ppm, 100 ppm). We also looked at whether or not there was a 

relationship between the body size and anxiety-like behavior of the females. We found 

that the individuals showed anxiety-like behavior when exposed to 10 ppm of nitrate. We 

also found that there may be a correlation between female body size and anxiety-like 

behavior, however we cannot be certain due to having a small data set.
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INTRODUCTION 

Betta splendens, also known as Siamese Fighting fish, are common pets in many 

households. B. splendens are part of the family Osphronemidae. They are native to 

Southeast Asia and are found in shallow freshwater swamps, rice fields, creeks and rivers 

(Nur et. al., 2022). Male B. splendens are known to have many aggressive behaviors 

during reproductive and territorial matters that are easily quantifiable (Jaroensutasinee & 

Jaroensutasinee, 2001). B. splendens are farmed commercially for ornamental 

purposes.  They are a well studied species because of their availability and unique 

behavioral characteristics (Alton et. al., 2013; Clotfelter et. al.,2007; Dupeyron and 

Wallace, 2023).  

Nitrates are a naturally occurring compound that occur in the nitrate cycle. It can 

begin as ammonia, NH4+, which gets converted into nitrites to nitrates by nitrifying 

bacteria. These nitrates can get used by plants (Canfield et. al., 2010). Apart from the 

naturally occurring nitrates in the environment, there has been an increase of 

anthropogenic made nitrates which are commonly found in fertilizers, wastewater and 

sewer waters, animal manures and waste (Bertram et al., 2019; Canfield et. al., 2010). 

These nitrates can and have started to increasingly contaminate runoff which can get into 

groundwater, streams, marshes, and lakes. This can cause eutrophication in the ecosystem 

(Siarkos, Mallios, and Latinopoulos, 2024; Deegan et al., 2012). In a contained area such 

as a recirculating aquaculture system, it is possible to have unknowingly high nitrate 

levels which can harm the species being reared (Morris et. al., 2011). For humans, 

elevated nitrate levels in drinking water have been known to cause methemoglobinemia 

in infants and thyroid gland problems (Ward et al., 2018). According to the World Health 
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Organization, the guideline for maximum contaminant level for nitrate is 50 mg/L as NO3 

(Ward et al., 2018). In fish, high nitrate concentrations have been found to be an 

endocrine disruptor (Kellock, Moore, and Bringolf, 2017). There have been studies 

conducted looking at how a diverse range of water contaminants affect aquatic 

organisms’ behavior and physical health such as caffeine on zebrafish (Danio rerio) (Alia 

and Petrunich-Rutherford, 2019), fluoxetine in guppies (P. reticulata) (Fursdon et al, 

2019), arsenic in B. splendens (Tudor, 2018), nitrate in Whitespotted Bamboo Sharks 

(Morris et.al., 2011). 

Though B. splendens are a well studied species, most studies focus on males 

(Tudor, 2018). This study’s focal point is on female B. splendens. We are observing how 

the females choose their mates and their levels of anxiety-like behavior. To measure 

anxiety-like behavior, we are using the scototaxis test. This test takes place in a tank 

divided in half horizontally and lined with black and white felt (Figure 7). If the subject 

stays in the black section, it indicates that the fish may be more anxious. In contrast, if the 

fish is in the white section or actively exploring the tank, it suggests that the fish is more 

bold and less anxious. A scototaxis test has been tested to be a valid ecological behavioral 

test (Maximino et al, 2010). It has been used in studies observing anxiety in various 

fishes such as zebrafish (Maximino et. al, 2011), talitrid amphipods (Cohen and Putts, 

2013), B. splendens (Dupeyron and Wallace, 2023; Tudor, 2018). In addition to 

observing how increasing levels of nitrate affect B. splendens’ anxiety, we are interested 

in whether the body size of the female has an effect on anxiety. Body size has been found 

to affect the behavior of organisms in aspects such as reproduction (Clotfelter, Curren, 

and Murphy, 2006), predator-prey relationship (Nakazawa, Ohba, and Ushio, 2013; 
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Niiranen et. al., 2019), boldness and exploring environments (Brown and Braithwaite, 

2004).  It is important to study how these various water contaminants affect the aquatic 

organisms’ ecological behavior. From this perspective, we can understand the organism’s 

reproductive, feeding, environmental, and evolutionary behavior. 
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METHODS 

Subjects 

The B. splendens came from a commercial fish supplier (Segrest Farms, 

Gibsonton, FL). There were two shipments over the testing periods. We found no 

differences of results between the two shipments. Each shipment had an even amount of 

red and blue males and between 40-70 red females. The females had an ovipositor 

showing that they are sexually mature.   

Husbandry 

In the lab, there were tanks filled with water from a reverse osmosis filtration 

system. Males and females were separated on different shelves. Females had visual 

contact with other females.  White corrugated plastic sheets were placed between each 

tank in the male section to avoid aggression between fish. Every week, fish were checked 

between 10-11 AM. Fish were fed two pellets of Hikari Vibra Bites Tropical Aquatic 

Diet every other day. Full water changes were conducted every week. The date, 

temperature of water in the tank, fish behavior and health, if the fish got fed, if the water 

got changed, initials, and other notes were recorded on a log located in the lab once a day. 

The fish were exposed to a ratio of 12:12 light and dark exposure. The health of the fish 

was observed everyday. Fish that displayed signs of sick symptoms were noted in the log 

and moved to a different shelf. During the summer of 2023, temperatures ranged between 

67 to 85.6 degrees Fahrenheit. During the summer and fall of 2023, it was suspected that 

the warm temperatures caused a bacterial infection, killing many of the individuals. Fish 

that had symptoms of discoloration, clamped fins, poor swimming abilities and staying 

near the bottom of the tank, and white film on the body were considered to be sick. For 
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cleaning and sterilizing purposes, ten percent bleach was used as a disinfectant. The tanks 

were scrubbed, rinsed, sprayed with the bleach solution, and left to dry for 24 hours. The 

tanks were then rinsed with tap water and left to air dry for at least 24 hours. Nets were 

disinfected in the bleach solution and rinsed after handling the fish to avoid the spread of 

bacteria. 

Nitrate doses 

A stock solution of standard sodium nitrate was mixed with distilled water. The 

stock solution was then diluted to get the necessary ppm of nitrate. The concentration 

groups were the control group with 0 ppm, 10 ppm of sodium nitrate, and 100 ppm of 

sodium nitrate. We used these concentration amounts because 10 ppm is the maximum 

concentration for the US public drinking water (Ward et al, 2018) and 100 ppm is double 

the amount (50 mg/L or 50 ppm) that is the guideline according to the World Health 

Organization (“Guidelines for Drinking Water Quality: Fourth Edition Incorporating the 

First and Second Addenda, 2022) and is a realistic amount that could be found in the 

environment. 

Scototaxis Testing Procedure 

Each dosing week, three to five females were picked at random and dosed with 

the same concentration amount. The females remained in the dosed water for 96 hours 

before being tested to ensure the nitrate was in her system. No fish that looked sick were 

chosen. During the testing day, a 50-minute mate choice test was administered right 

before the scototaxis test. The scototaxis test was performed in a 37.9 liter tank (50.8 x 

25.4 x 30.5 cm, L x W x H). The tank was divided in half with black and white felt lined 

along the tank (Figure 1.) The felt provided the distinctive areas and created a non-

reflective surface. The tank was filled with clean RO water. A light was suspended above 
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the tank to provide uniform lighting in the tank. The female was placed in a white plastic 

rectangular tube located in the middle of the tank for acclimatization for 10 minutes. The 

female was released from the tubing and observed for 10 minutes. Two people observed 

the fish with one person stating the time. The female crossed to and from the black 

section while the other person recorded the time. Right after the testing, the female was 

moved to the housing tanks with fresh, clean water and measured. 

 

Figure 1. Evenly divided through the middle vertically with black and white felt lining 
the tank. Tank dimensions (50.8 x 25.4 x 30.5 cm, L x W x H)  

Statistical Analysis 

All statistical data was processed in the software JMP pro 17. We ran an ANOVA 

and a Post-hoc Tukey-Kramer test for time spent in the black against nitrate 

concentration. A Tukey-Kramer test was performed to see how each concentration related 

with the time spent in the black section. A generalized linear mixed model was conducted 

with the variables; nitrate concentration and length together and separately against time 

spent in the black section. This was administered to see how each variable interacted with 

the dependent variable (time spent in the black section).  
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Combined data Arsenic data (increase of sample size) 

In order to increase the data size, specifically in the control group, we added the 

control group (0 ppb of arsenic) from Dr. Scarlett Tudor’s dissertation on B. splendens 

conducted in 2018 (Tudor, 2018). All of the methods, tests, and dosage amounts were 

identical to this study. This additional data was added to see if there were stronger trends 

because the original data set was small.  
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RESULTS 

Concentration Comparisons (Nitrate Lab Data) 

 The nitrate concentration was found to have an effect on the time spent in the black 

section from the ANOVA test (p = 0.0274). Upon further exploration, through a Post-hoc 

test, it was found that there was significant difference between the 10 ppm and 100 ppm 

concentration groups (Tukey-Kramer: 0.0229; Figure 2). The control females did not spend 

significantly more time in the black sections than the dosed groups. The females dosed 

with 10 ppm had the highest average of time spent in the black section (460.88 ± SE: 123.96 

s). The average time spent in the black section for the control group was 352.72 ± SE: 

202.82 s. The combined average time spent in the black section for the nitrate dosed groups 

was 384.42 ± SE:155.40 s. The 100 ppm had the lowest average time spent in the black 

section (227.84 ± SE:131.04). There were 29 individuals in this data set. In this data set, 

11 female fish did not go through the mate choice test before the scototaxis test. 
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Figure 2. Comparison of the mean time females spent in the black section of the tank 
among nitrate concentrations. An asterisk represents the significant difference between 
the 10 ppm and 100 ppm concentration groups  (Tukey’s post-hoc: 10 ppm: p= 0.0229). 
Females in the 100 ppm concentration group spent the least amount of time in the black. 
 

Female Body Size Linear Regressions (Nitrate Lab Data) 

There was a correlation shown between the female body size and 0 ppm (r2= 

0.6235, N=7, p= 0.0347; Figure 3). The average length within the control group was 

35.85 ± SE: 7.75  mm. There was no correlation between female body size and time spent 

in the black section in either the 10 ppm (linear regression: r2= 0.1773, N=9, p=0.2590; 

Figure 4) or 100 ppm (linear regression: r2= 0.1390, N=13, p=0.2095; Figure 5). The 

average length within the 10 ppm group was 40.30 ± SE: 9.20 mm. The average length 

within the 100 ppm group was 42.19 ± SE: 7.21 mm. The average length of females in 

the whole data set was 40.07  ± SE: 8.12 mm. 
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Figure 3. The relationship between female body length and time spent in the black for 
the control group (0 ppm)( r2= 0.6235, N=7). There was a significant p value of 0.0347 
which suggests a high correlation. 

 

Figure 4. The relationship between female body length and time spent in the black in the 
10 ppm concentration group (r2= 0.1773, N=9, p=0.2590).  
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Figure 5. The relationship between female body length and time spent in the black in the 
100 ppm concentration group  (r2= 0.1390, N=13, p=0.2095). 

General Linear Mixed Model (Nitrate Lab Data) 

 There were no correlations or significance found between nitrate concentration, 

length and the combination of the two variables (Table 1). 

Source Chi-Square p-value 

Nitrate Concentration 2.2998 0.3167 

Female Size 1.4607 0.2268 

Nitrate Concentration * Female Size 1.852 0.3961 

Table 1. Linear model examining the influence of nitrate concentration and female body 
size on time spent in the black section.  
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Concentration Comparisons (Nitrate Lab and Arsenic Control Data) 

The addition of the arsenic control group data was to increase the sample size. 

The average time spent in the black section for the control group was 354.32 ± SE: 

138.86 seconds (Figure 6). The average length of females was 37.14 ± SE: 8.42 mm. 

There was a significance between the 10 ppm and 100 ppm concentrations. There was no 

significance between the 0 ppm and 10 ppm or the 100 ppm respectively. There were 41 

individuals in this data set. Identical to the nitrate lab-only data set, the same 11 female 

fish did not go through the mate choice test before the scototaxis test. 

 
Figure 6. Comparison of the mean time females spent in the black section of the tank 
among nitrate concentrations. An asterisk represents the significant difference between 
the 10 ppm and 100 ppm concentration groups (ANOVA: p= 0.0117; Tukey’s post-hoc: 
10 ppm: p= 0.0084). Females in the 100 ppm concentration group spent the least amount 
of time in the black. 
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Female Body Size Linear Regressions (Nitrate Lab and Arsenic Control Data) 

There was a significance found between female body size and time spent in the 

black section for the control group (r2= 0.2507, N= 19, p=0.0290; Figure 7). The 

significant p-value= 0.0290 suggests a high correlation between the two variables. The 

average length in the control group is 32.20 ± SE 6.00 mm.

 

Figure 7. The nitrate lab and arsenic data’s relationship between female body length and 
time spent in the black in the 0 ppm concentration group (r2= 0.2507, N= 19, p=0.0290).  
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General Linear Mixed Model (Nitrate Lab and Arsenic Control Data) 

There were no significant p-values found in this analysis (Table 2). 

Source Chi-Square p-Value 

Length 0.8815578 0.3478 

Nitrate Concentration 1.05655924 0.5896 

Nitrate Concentration * Length 1.2142174 0.5449 

 
Table 2. Linear model examining the influence of nitrate concentration and female body 
size on time spent in the black section using the nitrate lab and arsenic control group 
data.  
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DISCUSSION 

Nitrate Concentration 

There were no major differences in nitrate concentration results between the 

nitrate lab-only data and the data set with arsenic data added. In both of the data sets, the 

nitrate concentration 10 ppm had the highest amount of time spent in the black section 

and with further investigation using Tukey-Kramer’s test, there was a significance 

between 10 ppm and 100 ppm (p= 0.0229; Figure 2 & 6). These results did not follow the 

trend that was seen in a similar study focusing on arsenic contaminants and B. splendens. 

The arsenic study found that fish spent more time in the dark section when they had 

higher concentrations of arsenic in their system (Tudor, 2018). Another study observing 

effects of 17α-ethinylestradiol, an estrogen mimic on B. splendens, found that there was a 

reduction of boldness when exposed to the compound. (Dzieweczynski, Campbell, 

Marks, Logan, 2014). In contrast, a study observing male B. splendens’s behaviors of 

boldness and decision making when exposed to 17α-ethinylestradiol found that exposure 

to the contaminant decreased boldness (Hebert et. al., 2014). These differences may be 

due to the tests being used, testing environment, dosage amount, or multiple of these 

factors and more. 

Female Body Size 

In the nitrate lab-only data set, there was a significant p-value in the control group 

(0 ppm) linear regression (Figure 3). This suggests that there is a high correlation 

between body size and anxiety behavior. When the female is smaller, she is more 

anxious. A study with wild populations of Brachyraphis episcopi taken from different 

locations of the same stream found that the larger fish were less bold and slower to 
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emerge from a shelter (Brown and Braithwaite, 2004). To increase the sample size of the 

control group, we added control group data from Dr. Tudor’s study on B. splendens and 

increasing levels of arsenic (Tudor, 2018). This increased the sample size of the control 

group from 7 individuals to 19 individuals. When re-analyzing the new data, we still saw 

significance in the control group (Figure 7). This follows the same trends of the control 

group in the nitrate lab-only data (Figure 3).  The 10 ppm and 100 ppm data was the same 

for both data sets. Thus, we can conclude that the other concentration groups (10 ppm 

and 100ppm), have no significant p values (Figure 4 & 5). These trends follow a study 

conducted with guppies (Poecilia reticulata) also found that there was no significance 

between boldness and body size (Harris, Ramnarine, Smith, Pettersson, 2010). This study 

had 167 test subjects with mixed sexes. This leads to the conclusion that though we tried 

to increase the sample size by adding control data from the arsenic study (Tudor, 2018) 

ultimately, we need a bigger sample size from all of the different concentration groups to 

gain a better understanding of whether there is a correlation between body size and 

anxiety. A bigger sample size would also allow us to have more flexibility in the 

statistical tests that could be used. In addition to a bigger data set, we want an equal 

sample size within each concentration group.  
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CONCLUSION 

Betta splendens are an important species in this scientific community. They have 

become a staple for animal behavior, specifically in aggression, but they can provide so 

much more information if we expand our areas of study. Though there are naturally 

occurring nitrates in the cycle of life, we humans are elevating the concentrations at an 

alarming rate. This study has merely suggested that nitrate contaminants and body length 

have some effect on anxiety-like behavior in Betta splendens. We have only looked at a 

sliver of what we can explore and study.  This study could be further developed by 

increasing its sample size which in return would allow for stronger trends and results. 

This study and other studies exploring the effects of different water contaminants on 

aquatic ecosystems are so important to understanding animal behaviors and their 

evolutionary history. 

 

 

 

 

 

 

 

 

 

 

 



 

 18 

REFRENCES 

Alia, Alia O., and Maureen L. Petrunich-Rutherford. “Anxiety-like Behavior and Whole-
Body Cortisol Responses to Components of Energy Drinks in Zebrafish (Danio 
Rerio).” Edited by Angelo Piato. PeerJ. 7, no. e75546 (August 2019). 

Alton, Lesley A., Steven J. Portugal, and Craig R. White. “Balancing the Competing 
Requirements of Air-Breathing and Display Behavior during Male-Male Interactions 
in Siamese Fighting Fish Betta Splendens” 164, no. 2 (February 2013): 363–67. 

Bertram, Michael G., Jake M. Martin, Minna Saaristo, Tiarne E. Ecker, Marcus 
Michelangeli, Nicholas D.S. Deal, Shu Ly Lim, Moira K. O’Bryan, and Bob B. 
Wong. “Context-Specific Behavioural Changes Induced by Exposure to an 
Androgenic Endocrine Disruptor.” Science of the Total Environment 664 (January 
30, 2019): 177–87. 

Brown, Culum, and Victoria A. Braithwaite. “Size Matters: A Test of Boldness in Eight 
Populations of the Poeciliid Brachyraphis Episcopi.” Animal Behavior 68, no. 6 
(December 2004): 1325–29. 

Canfield, Donald E., Alexander N. Glazer, and Paul G. Falkowski. “The Evolution and 
Future of Earth’s Nitrogen Cycle.” Science, New Series, 330 (October 8, 2010): 
192–96. 

Clotfelter, Ethan D., Erin P. O’Hare, Meredith M. McNitt, Russ E. Carpenter, and Cliff 
H. Summers. “Serotonin Decreases Aggression via 5-HT1A Receptors in the 
Fighting Fish Betta Spendens.” Pharmacology Biochemistry and Behavior 87, no. 2 
(July 2007): 222–31. 

Clotfelter, Ethan D., Leslie J. Curren, and Caleb E. Murphy. “Mate Choice and Spawning 
Success in the Fighting Fish Betta Splendens: The Importance of Body Size, Display 
Behavior and Nest Size.” Ethology 112, no. 12 (November 20, 2006): 1170–78. 

Cohen, Jonathan H., and Meagan R. Putts. “Polarotaxis and Scototaxis in the Supratidal 
Amphipod Platorchestia Platensis.” Journal of Comparative Physiology A 199 (May 
8, 2013): 669–80. 

Davidson, John, Christopher Good, Christina Williams, and Steven T. Summerfelt. 
“Evaluating the Chronic Effects of Nitrate on the Health and Performance of Post-
Smolt Atlantic Salmon Salmo Salar in Freshwater Recirculation Aquaculture 
Systems.” Aquaculture Engineering 79 (December 2017): 1–8. 

Deegan, Linda A., David Samuel Johnson, R. Scott Warren, Bruce J. Peterson, John W. 
Fleeger, Sergio Fagherazzi, and Wilfred M. Wollheim. “Coastal Eutrophication as a 
Driver of Salt Marsh Loss.” Nature 490 (2012): 388–92. 



 

 19 

Dupeyron, Solanch, and Kelly J. Wallace. “Quantifying the Neural and Behavioral 
Correlates of Repeated Social Competition in the Fighting Fish Betta Splendens.” 
Fishes 8, no. 8 (2023): 1–17. 

Dzieweczynski, Teresa, Brennah A Campbell, Jodi M. Marks, and Brittney Logan. 
“Acute Exposure to 17α-Ethinylestradiol Alters Boldness Behavioral Syndrome in 
Female Siamese Fighting Fish.” Hormones and Behavior 66, no. 4 (September 
2014): 577–84. 

Edwards, Thea M., and Heather J. Hamlin. “Reproductive Endocrinology of 
Environmental Nitrate.” Gen Comp Endocrinol. 265, no. 1 (September 1, 2018): 31–
40.  

Forsatkar, Mohammad Navid, Mohammid Ali Nematollahi, Bagher Mojazi Amiri, and 
Wen-bin Huang. “Fluoxetine Inhibits Aggressive Behavior during Parental Care in 
Male Fighting Fish (Betta Splendens, Regan).” Ecotoxicology 23, no. 9 (November 
2014): 1794–1802. 

Freitag, Alyssa, LeeAnne R. Thayer, Christopher Leonetti, Heather M. Stapleton, and 
Heather J. Hamlin. “Sublethal Effects of Elevated Nitrate on Atlantic Salmon, Salmo 
Salar.” Aquaculture 436 (January 20, 2015): 8–12. 

Fursdon, Jack, Jake M. Martin, Michael G. Bertram, Topi K. Lehtonen, and Bob B. 
Wong. “The Pharmaceutical Pollutant Fluoxetine Alters Reproductive Behavior in a 
Fish Independent of Predation Risk.” Science of the Total Environment 650, no. part 
1 (February 10, 2019): 642–52. 

Gruneck, Lucsame, Vasana Jinatham, Phatthanaphong Therdtatha, and Siam Popluechai. 
“Siamese Fighting Fish Gut Microbiota Associated with Age and Gender.” Fishes 7, 
no. 347 (November 2022). 

“Guidelines for Drinking Water Quality: Fourth Edition Incoporating the First and 
Second Addenda.” World Health Organization, March 2022. 

Harris, Sanna, Indar W. Ramnarine, Henrik G. Smith, and Lars B. Pettersson. “Picking 
Personalities Apart: Estimating the Influence of Predation, Sex and Body Size on 
Boldness in the Guppy Poecilia Reticulata.” Oikos 119, no. 11 (April 19, 2010): 
1711–18. 

Hebert, Olivia L., Lindsey E. Lavin, Jodi M. Marks, and Teresa Dzieweczynski. “The 
Effects of 17a-Ethinylestradiol on Boldness and Its Relationship to Decision Making 
in Male Siamese Fighting Fish.” Animal Behavior 87 (2014): 203–12. 

Jaroensutasinee, M, and K Jaroensutansinne. “Bubble Nest Habitat Characteristics of 
Wild Siamese Fighting Fish.” Journal of Fish Biology 58, no. 5 (April 19, 2005): 
1311–19. 



 

 20 

Kellock, Kristen A., Adrian P. Moore, and Robert B. Bringolf. “Chronic Nitrate 
Exposure Alters Reproductive Physiology in Fathead Minnows.” Environmental 
Pollution 232 (2018): 322–28. 

Maximino, Caio, Thiago Marques de Brito, Claudio Alberto Gellis de Mattos Dias, 
Amauri Jr Gouveia, and Silvio Morato. “Scototaxis as Anxiety-like Behavior in 
Fish.” Nature Protocols 5 (January 2010): 209–16. 

Maximino, C., Da Silva, A. W. B., Gouveia, A. & Herculano, A. M. (2011). 
Pharmacological analysis of zebrafish (Danio rerio) scototaxis. — Prog. Neuro- 
Psychopharmacol. Biol. Psychiatry 35, 624-631. 

Moraes, Andréia B., Ana C.V.V. Giacomini, Rafael Genario, Leticia Marcon, Naiara 
Scolari, Tamara G. Amstislavskaya, Tatyana Strekalova, Marta C. Soares, Murilo S. 
de Abreu, and Allan V. Kalveff. “Pro-Social and Anxiolytic-like Behavior Following 
a Single 24-h Exposure to 17β-Estradiol in Adult Male Zebrafish.” Neuroscience 
Letters 747 (March 16, 2021). 

Morris, Alexis L., Heather J. Hamlin, Ruth Francis-Floyd, Barbara J Sheppard, and Louis 
J. Guillette Jr. “Nitrate-Induced Goiter in Captive Whitespotted Bamboo Sharks 
Chilosryllium Plagiosum.” J Aquatic Animal Health 23, no. 2 (June 2011): 92–99.  

Nakazawa, Takefumi, Shin-ya Ohba, and Masayuki Ushio. “Predator–Prey Body Size 
Relationships When Predators Can Consume Prey Larger than Themselves.” Biology 
Letters 9, no. 3 (June 23, 2013). 

Niiranen, Susa, Alessandro Orio, Valerio Bartolino, Ulf Bergström, Meri Kallasvuo, 
Stefan Neuenfeldt, Didzis Ustups, and Michele Casini. “Predator-Prey Body Size 
Relationships of Cod in a Low-Diversity Marine System.” Marine Ecology Progress 
Series 627 (2019): 201–6. 

Nur, F.M., A.S. Batubara, N. Fadli, S. Rizal, M. N. Siti-Azizah, and Z. A. Muchlisin. 
“Diversity, Distribution, and Conservation Status of Betta Fish (Teleostei: 
Osphronemidae) in Aceh Waters, Indonesia.” The European Zoological Journal 89, 
no. 1 (2022). 

Rosengren, Malin, Per-Ove Thörnqvist, Jörgen I Johnsson, Erik Sandblom, Svante 
Winberg, and Kristina Sundell. “High Risk No Gain-Metabolic Performance of 
Hatchery Reared Atlantic Salmon Smolts, Effects of Nest Emergence Time, Hypoxia 
Avoidance Behavior and Size.” Physiology & Behavior 175 (June 1, 2017): 104–12. 

Siarkos, Ilias, Zisis Mallios, and Pericles Latinopoulos. “An Integrated Framework to 
Assess the Environmental and Economic Impact of Fertilizer Restrictions in a 
Nitrate- Contaminated Aquifer.” Hydrology 11, no. 1 (January 2024): 1–30. 

Tudor, Mary Scarlett. “Impacts of Social Environment and Contaminant Exposure on 
Sexually Selected Traits in Two Fish Species.” Dissertation, University of Florida, 
2018. 



 

 21 

Verbeek, Peter, Toshitaka Iwamoto, and Noboru Murakami. “Variable Stress-
Responsiveness in Wild Type and Domesticated Fighting Fish.” Physiology & 
Behavior 93, no. 1–2 (January 28, 2008): 83–88. 

Ward, Mary H., Rena R. Jones, Jean D. Brender, Theo M. de Kok, Peter J. Weyer, 
Bernard T. Nolan, Cristina M. Villanueva, and Simone G. van Breda. “Drinking 
Water Nitrate and Human Health: An Updated Review.” Int J Environ Res Public 
Health 15, no. 7 (July 23, 2018): 1557. 

Zubaidah, Anis, Heryanto, Ari Prabowo, and Soni Andriawan. “Oreochromis Niloticus 
Immune Response Examination: A Case Study of Environmental Toxicology.” 
Aquaculture, Aquarium, Conservation & Legislation 15, no. 5 (October 2022): 
2363–73. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 22 

APPENDICES  

Appendix A: Institutional Animal Care and Use Committee (IACUC) Form & Approval 

 

 



 

 23 

AUTHOR’S BIOGRAPHY 

Tess Hureau was raised in Fort Collins, Colorado. She attended the University of 

Maine pursuing a degree in marine science with a concentration in aquaculture. During 

her college career, she participated in the swim club and crew club. She worked as a 

lifeguard at the Wallace pool for three years. In the fall semester senior year, she did 

Semester by the Sea at the Darling Marine Center in Walpole, ME.  

 


	The Effects of Length and Increasing Nitrate Concentrations on Behavior of Betta Splendens
	Recommended Citation

	Tess Hureau Thesis

