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Hatchery are the healthiest, having been raised in an aquaculture environment. They have the 

lowest parasite load, having little to no parasites in the population, and their immune response is 

still fairly robust. The differences in parasite load between these bodies of water supports the 

notion that parasite abundance can be a good indicator of the effects of urbanization on fish 

populations. As seen in a previous study in the Columbus, GA area observing bluegill and 

redbreast sunfish from urban and rural creeks, the parasite abundance was higher in fish from 

urban creeks (Anderson et al. 2015). 

Limitations and Future Studies 

This study was not able to survey all of the immune responses to parasitic infection, nor 

cover every aspect of parasite activity. Future studies should examine other types of immune 

response, such as rodlet cells or antibodies. The duration of the parasitic infection in the fish 

prior to grossing was not determined during this study, so the timing of infection versus immune 

response was not assessed. As previously mentioned, the season in which the specimens were 

collected was not examined in this study either and could play a role in how the immune system 

is modulated at different times of the year. Lastly, future studies should look at a wider range of 

parasites outside of what is commonly found in the intestines. In some organs, the “unknown” 

parasite counts were fairly large, so expanding the types of parasites studied could reduce these 

numbers. 

CONCLUSIONS 

The immune response to parasitic infection can best be described by the eosinophilic cell 

rate (ECR) because of the high levels of correlation as opposed to the lack of correlation in the 
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macrophage aggregate rate (MAR). The ECR can serve as a biomarker for assessing the health of 

the fish. The higher the ECR with a significant correlation, the healthier the fish. 

While there was no overall difference in parasite load and immune response between the 

sexes, the testes showed a much higher parasite density and a much lower ECR than the ovaries. 

This suggests that the gonads of different sexes have physiological differences that affect their 

ability to resist parasitic infection. Testosterone and other androgens or different tissue 

composition of the gonads could account for this difference. 

Lastly, urbanization around a body of water has shown to have negative effects on the 

immune systems of Largemouth Bass in the Chattahoochee Valley area. Immune response was 

observed to be heavily and negatively impacted, while the parasite’s ability to infect the hosts did 

not seem to be affected by the urbanized environment. 
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FIGURES AND TABLES 

A B 

Fig 1. (A) A nematode in testicular tissue. Stained in H&E and magnified 400x. Eosinophilic 

cells are in the blue circle and a macrophage aggregate is indicated by the red arrow. (B) 

Eosinophilic cells surrounding a tapeworm stained in H&E and magnified 400x. 

Fig 2. A nematode in testicular tissue. 
Fig 3. A tapeworm in liver tissue. Stained 

Stained in H&E and magnified 40x. 
with H&E and magnified 400x. 

Fig 4. A fluke in liver tissue. Stained 

with H&E. Magnified 400x. 
Fig 5. An example of an unknown 

parasite in liver tissue. Stained in H&E 

and magnified 100x. The cuticle remains, 

but it lacks any identifiable internal 

structures. 
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Fig 6. (A) A map depicting the areas where the fish were sampled from, Lake Oliver on the 

left, and Lindsey Creek on the bottom right. (B) An outline of the path Lindsey Creek flows 

through Columbus, GA. It notably passes through the Columbus Airport, Peachtree Mall, and 

Columbus State University. 
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Fig 7. A comparison of graphs depicting the significant effect of parasite density on 

eosinophilic cell counts. The Warm Springs National Fish Hatchery livers (A), ovaries (B), and 

testes (C) all show positive trends with strong correlation. The Lake Oliver ovaries (E) and 

testes (F) also show significant positive trends with strong correlations. 
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Fig 8. The number of macrophage aggregates compared to the number of eosinophilic cells 

counted. The data suggests a significant inverse relationship between the two immune 

responses with a slope of -0.56 and a correlation of -0.35 (p=0.026). 
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a 

b 

b 

b 

b 

Fig 9. The average number of each parasite group over all locations and organs. The 

average number of nematodes was significantly higher than all other groups of parasites 

(aP<0.001). 
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Fig 10. The average number of parasites in each organ by location. Nematodes were the 

most numerous with the except of the Lake Oliver livers where the flukes had the highest 

average. The error bars represent 95% confidence intervals. 
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b,e 

b,d 

b,c 
a,d a,e 

a,d a,ea,ca,c 

Fig 11. The mean parasite density by the organ and location of origin for the Largemouth 

Bass. The testes had the highest parasite density of all the organs (P<0.001), and the bass 

from Lindsey Creek (LC) (P<0.001) and Lake Oliver (LO) (P=0.028) had significantly 

higher parasite densities than the bass from Warm Springs National Fish Hatchery (WSFH). 

Lindsey Creek has a higher parasite density than Lake Oliver (P=0.002). Differences between 

organs are represented by the letters a and b, and the differences between locations are 

represented by the letters c, d, and e. 
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b,c 
b,c 

b,d 

a,d 

a,d 

a,c 

a,c 
a,c 

a,c 

Fig 12. The mean ECPP between the organs and the location of origin for the Largemouth 

Bass. The ovaries had the highest ECPP (P<0.001) and the organs from Lindsey Creek (LC) 

had a lower ECPP (P=0.001) than Lake Oliver (LO) and Warm Springs National Fish 

Hatchery (WSFH). The differences between organs are represented by the letters a and b, and 

the differences between locations are represented by the letters c and d. 
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Fig 13. The mean parasite density between the sexes. Males had a higher parasite density 

than females (P=0.006). 
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A 

B 

b 

b 

a 

a 

a 

a 
a 

a 

Fig 14. (A) The mean ECPPs by organ for fish collected from Lake Oliver. The ovaries had 

the highest ECPP count (P<0.001). (B) The mean MAPP by organ for fish collected from 

Lake Oliver. The spleens had the highest MAPP count (P<0.001). 
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Table 1. The eosinophilic cell rate in different organs at each location. 

Location Organ Number (n) ECR PCC P 

WSFH Liver 23 50.68 0.47 0.011 

WSFH Ovaries 11 53.22 0.71 0.008 

WSFH Testes 16 32.48 0.84 <0.001 

Lake Oliver Liver 23 0.28 0.00 0.489 

Lake Oliver Ovaries 9 139.99 0.79 0.005 

Lake Oliver Testes 17 17.03 0.82 <0.001 

Lindsey Creek Liver 18 0.75 0.05 0.419 

Lindsey Creek Ovaries 13 1.22 0.03 0.467 

Lindsey Creek Testes 10 0.85 0.45 0.114 
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Table 2. A comparison of ECPP in the organs of Largemouth Bass collected from Lake 

Oliver. 

Organ ECPP Number (n) PCC P 

Liver -1.57 23 -0.17 0.29 

Ovary 114.09 9 0.48 0.09 

Testes 52.37 17 0.70 0.001 

Spleen 0.53 31 0.08 0.33 
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Table 3. The macrophage aggregate rate in the organs of the Largemouth Bass in each 

location. 

Location Organ Number (n) MAR PCC P 

WSFH Liver 23 -1.69 -0.12 0.295 

WSFH Ovaries 11 -0.008 -0.16 0.317 

WSFH Testes 16 -0.17 -0.09 0.369 

Lake Oliver Liver 23 -0.80 -0.23 0.151 

Lake Oliver Ovaries 13 0.62 0.37 0.116 

Lake Oliver Testes 17 -0.03 -0.17 0.256 

Lindsey Creek Liver 18 0.25 0.11 0.337 

Lindsey Creek Ovaries 13 0.08 0.11 0.359 

Lindsey Creek Testes 10 -0.01 -0.29 0.222 



 
 

  

 

     

     

     

     

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

40 

Table 4. A comparison of MAPP of the organs collected from Largemouth Bass in Lake 

Oliver. 

Organ Number (n) MAPP PCC P 

Liver 23 0.44 0.63 0.001 

Ovary 9 0.80 0.87 0.001 

Testes 17 0.35 0.60 0.005 

Spleen 31 2.24 0.56 0.001 
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APPENDIX - Parasite Identification Guide 

Fluke 

Nematode 
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Tapeworm 

Spiny Headed Worm 
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Spiny Headed Worm Continued 


