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Summary: Turbidity is known to influence feeding and growth in fishes, yet little is known 
about its impact on shoaling. Shoaling is important in many fishes, including North America’s 
most abundant fishes, the cyprinids. I hypothesized that turbidity alters shoaling in the cyprinids 
Red Shiners and Sand Shiners and that either: 1) fish would reduce individual risk by shoaling 
more closely together in turbid water where risk assessment may be difficult, or 2) fish would 
lose the ability to shoal effectively likely due to sensory limitation. I also hypothesized that 
group size (in clear and turbid water) would affect shoaling in Red Shiners, and predicted 
interfish distance and tank coverage to increase as group size increased. I used a novel, cross-
disciplinary approach to collect data on movement and location of fish by using BioSense. I 
analyzed data using mixed-model ANOVAs with repeated measures, chi-square tests, linear 
regressions, and a Spearman-rank correlation. I used 20 groups of five fish per group for each 
species, and found that both Red Shiner and Sand Shiner shoaling behavior is negatively 
impacted as indicated by interfish distances, formation and duration of shoals, but their response 
to turbidity is not significantly species specific. Using nine group sizes, I found that interfish 
distances is significantly influenced by group size. Tank coverage is influenced by group size 
and turbidity. These findings support a sensory limitation interpretation, although group size is 
negative correlated with tank coverage. This research permits a greater understanding of how 
turbidity influences shoaling i.e. basic knowledge in an area of fish biology that is poorly 
understood, especially at a time when so many fishes are threatened due to habitat alteration. 
Additional studies involving turbidity and shoaling are needed to improve management and 
conservation efforts for cyprinid fishes. 
 
Research Questions/Hypotheses: I investigated two primary questions: 1) Does turbidity 
significantly influence group cohesion (i.e. spatial arrangement among individuals) for single-
species groups of Red Shiners or Sand Shiners (Experiment 1), and 2) How does group size and 
turbidity affect shoaling in Red Shiners (Experiment 2)? I hypothesized that turbidity would 
influence shoaling behavior. 
 
Methods: Red Shiners and Sand Shiners were collected from the Canadian River, NM. 
Experiments were conducted in the Behavioral Ecology Lab at Eastern New Mexico University. 
For consistency, I used separate 10 kg containers of bentonite clay (Sigma Aldrich) for each 
experiment conducted. For Experiment 1, there were three turbidity treatments (clear [0 g/L], 
low [0.34 g/L], and high [0.68 g/L]). For Experiment 2, I used two turbidity treatments (clear and 
turbid, which is the same value as the low turbidity treatment from Experiment 1, i.e. 0.34 g/L). 
BioSense, a free software, specifically developed for this research, but can be used to track other 
animals was used for data collection of fish movement and has an easy-to-use Graphical User 
Interface (GUI). It uses computer vision techniques to distinguish contours of interest within 
video frames that can then be identified as individual fish. This method allows for automatic data 
collection in addition to providing a consistent and accurate way to study animal behavior while 
reducing the potential for human-observer biases. I used two-factor mixed-model ANOVAs with 



repeated measures and tested the influence of species (two levels: Red Shiners and Sand 
Shiners), and turbidity (three levels: clear water [0 g/L], low [0.34 g/L], and high [0.68 g/L]), and 
their interactions, on average inter-fish distances and shoaling durations. I also used a mixed-
model, two-factor ANOVA to test for significant differences in average inter-fish distances when 
defining a shoal to be 3, 4, or 5 individuals within 2.5 body lengths, or 9cm, of each other.  
For shoaling durations (i.e. the amount of time a group could maintain a shoal), I only extracted 
data when three fish, four fish, or five fish were within 2.5 body lengths (i.e. 9.5cm) within each 
other. I used a three-factor ANOVA (with species [two levels: Red Shiners and Sand Shiners], 
turbidity [three levels 0.0 g/L, 0.34 g/L, 0.68 g/L], and group size [three levels: 3, 4, or 5 fish] as 
factors) to test for a significant difference in shoaling duration and turbidity, when defined as a 
shoal of 3, 4, or 5. I used a chi-square test for goodness of fit to test for significant differences in 
the modal frequencies of shoaling in a group consisting of three, four, or five individuals all 
within 9.5 cm of each other. This was used to determine the modal shoal size (i.e. the number of 
individuals that are within a defined range of their nearest-neighbor, 9.5 cm, which is most 
commonly formed). I also used a Yate’s correction for continuity when degrees of freedom 
equaled one.   
 
Results: Question 1: A two-factor ANOVA with repeated measures, with turbidity (three levels; 
control, low, high) and species (two levels; Red Shiners and Sand Shiners) as factors, showed 
that the average interfish distance of all five fish (group cohesion) was significantly influenced 
by turbidity (F2, 37 = 161.0896, P < 0.001). However, average interfish distance of all five fish 
was not significantly influenced by species (F2, 37 = 0.440, P = 0.644). The interaction between 
turbidity and species was also not significant (F2, 37 = 0.522, P = 0.595). Question 2: A linear 
regression showed that as group size increases, interfish distance decreases in clear and turbid 
waters. Analysis of interfish distances, as a function of group size, showed that the slope from 
zero was significant in the clear water (r2 = 0.244, F 1, 25 = 8.080, P < 0.001) and turbid water (r2 
= 0.655, F 1, 25 = 47.552, P < 0.001). Clear water and turbid water treatments were not 
significantly different from each other in slope (|t| = 1.723796, P > 0.05) or elevation (|t| = 
1.619431, P > 0.10).  
 
Discussion: My research adds to two underrepresented topics in the literature: behavioral 
responses to turbidity and shoaling behavior. This may be due to the fact that studying group 
behavior, especially shoaling behavior presents many logistical problems. For example, it is 
difficult to see fishes in turbid water and therefore difficult to track and identify individual fish. 
My research makes the study of these subjects easier by incorporating a novel, automated 
approach to data collection. If turbidity impairs important senses in fishes, e.g. vision and use of 
the lateral line system, it would be expected that shoaling would be disrupted, as I found in this 
study. An experiment that supports sensory limitation at the level of the sense is needed. 
However, the results of my study suggest that the senses are impaired because in clear water, 
they are able to shoal, usually for the majority of the ten minute testing time, and shoaling is 
poorly executed in turbid waters. Since there are few significant differences between the species 
I studied, it suggests that both species are negatively affected by turbidity. I thus suspect that 
other cyprinids, such as other related endangered fishes, could also be negatively affected by 
turbidity, and thus have difficulty surviving in such waters. Therefore, more studies involving 
turbidity and fish behavior, especially shoaling, are needed to further understand the extent to 
which turbidity impacts cyprinid fishes. Understanding the relationship between turbidity and 



behavior in cyprinid fishes could improve conservation efforts by demonstrating the need to 
focus on highly turbid habitats in terms of monitoring cyprinid populations as well as the 
restoration of these habitats. 
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division (Computer Science and Mathematics). We also presented at the Sigma Xi Research 
Conference where Jon Patman won first place in his division (Computer Science). d 
 
 

 
  
Schematic of the observation tank used for experiments.  
 



 
Sabrina Michael samples the turbidity of the Canadian River, NM 
 



 
 
Sabrina Michael and Dr. Marv Lutnesky use a seine net to collect Red Shiners and Sand Shiners 
to be used in the laboratory  
 

 
 



 
 

 
  
 



 
Sabrina Michael, Maxie Kiehne, and Ryan Hagleberger remove shiners from a seine net.  
 
 


