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Abstract 

The anemone species Aiptasia is a nuisance pest that can quickly out-compete 

many species in a coral reef aquarium. The aeolid nudibranch Berghia 

verrucicornis, now officially known as Aeolidiella stephanieae, consumes only 

anemones of the Aiptasia species, a feature that has increased its popularity 

among aquarium overseers everywhere. Not much information exists on the 

digestive process of these aeolids, but what exists notes that A. stephaniae seem to 

house parts of the anemone it consumes in the cerata on its back, a practice 

commonly seen in other aeolids that feed on cnidarian species. By observing the 

location of nematocysts in A. stephaniae at different intervals, we may be able to 

determine the path that nematocysts take on their route to the cerata. To observe 

this trend, we tested three different live stains to determine its potential as a viable 

stain.  The anemones were bathed in the selected stain and fed to the nudibranchs. 

We found that using a 6.8x10-5 M solution of Aniline Blue was the best for 

viewing. The A. stephaniae were collected at different times after feeding and 

fixed so that they might be viewed by light microscopy. Data based on the 

orientation and location of nematocysts was collected and analyzed. 
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Figure 9. Distribution of nematocysts. The ‘E’ labels the epidermis. The  
arrows indicate the location of the nematocysts.   

 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Distribution of nematocysts. Two nematocysts are within 25 of the  
epidermis. Two nematocysts are with 100 of the epidermis. One nematocyst is located  
with 125 of the epidermis. The ‘E’ labels the epidermis. The arrows indicate the  
location of the nematocysts.   
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The following graphs represent the orientation and distance in relation to the 

epidermis of all observed nematocysts within the four sample A. stephaniae. The 

graph in Figure 11 groups the data in five clusters, with each cluster representing 

an orientation value (0-4). Within each cluster are three separate entries for the 

distances from the epidermis. The graph in Figure 12 groups the data in 3 clusters. 

Each cluster represents a range from the epidermis. Within each cluster are five 

separate entries representing the orientation of the nematocysts. The distances 

were split into smaller segments, such that the nematocysts were counted for 

every 25 µm from the epidermis. This data represents the frequency distribution 

of the nematocysts (figures 13 and 14). The chosen statistical test for significance, 

the Fisher’s Exact Test displayed a p value of 5.9x10-5 (figure 15).
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Distribution of Nematocysts Grouped by Orientation Value 
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Figure 11. Distribution of Nematocysts grouped by orientation value. Each orientation 
value has three separate entries for the three distance ranges from the epidermis. 
 

 

Distribution of Nematocysts Grouped by Distance from Epidermis 
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Figure 12. Distribution of nematocysts, grouped by distance from epidermis. Each distance 
has five separate entries for the assigned orientation values. 
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Frequency Distribution of Nematocysts 
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Figure 13. Frequency of nematocysts, grouped by distance observed from epidermis. 

 

 

 Frequency Distribution of Nematocysts 

 

Figure 14. Frequency distribution of nematocysts, grouped by distance from epidermis. 
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Figure 15. Results of a Fisher’s Exact Test. (From Kirkman, 1996).  

 

 

Figure 16. Results of a Chi Squared Test. The result of the chi-squared test was a p-value of 
approximately 0.02 (From Preacher, 2001). 
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Discussion 

Staining Determination 

Two tests considering the effectiveness of a list of live stains were designed.  The 

stains were selected for testing based on what parts of the cell were stained. The 

first test was a determinant of whether the stain would be taken up in the Aiptasia. 

The stain was given by two methods: bathing and injection. The stains that 

remained within the Aiptasia were moved to the next test. The dyed Aiptasia were 

fed to the A. stephaniae, which were observed a day later. Since it is known that 

the cerata of A. stephaniae will turn a dark color after feeding, the theory was that 

the stain from the consumed Aiptasia would be visible once it had reached the 

cerata. The stain that was most visible was selected as the dye to be used.  

 

Originally, there was a list of six complied live stains (Aniline blue, Tryphan blue, 

Janice Green, Bismarck brown, Carmine, and Neutral red) that would be tested. 

Of the original list, three of these were ruled out before testing on Aiptasia. Janice 

green was dropped from the list because it was not available from the source the 

stains were acquired from. Carmine was ruled out for two reasons, the first of 

which was the lack of a molecular weight for the actual compound I had. The 

MSDA sheet that accompanied the dye did not have a listed molecular weight, 

and multiple sources listed different molecular weight for the dye, so I decided to 

discount it as a possibility.  

 



 19 

Aniline Blue was determined to be the most appropriate dye to use due to the 

strength of its color in the Aiptasia and A. stephaniae. Though all three live stains 

were visible in Aiptasia and anemones, the color that Tryphan blue was highly 

visible in the Aiptasia, but provided a weaker visible color in the cerata. Bismarck 

brown produced a highly visible color, but the color was too similar to the natural 

color of the Aiptasia, so it was given a rating of medium visibility in the Aiptasia. 

When the stained anemone was given to A. stephaniae, the color did affect the 

dorsal section of the nudibranch. However, the color of a nudibranch having fed 

on Bismarck brown stained Aiptasia was not significantly different from the color 

of A. stephaniae having fed on unstained Aiptasia. This lack of difference in color 

indicated that the nematocysts might not have stood out much from the normal 

interior structures of A. stephaniae. For this reason, Bismarck brown was rejected 

as an optimal choice. Aniline blue produced a highly visible color in the Aiptasia 

and the cerata. 

 

A. stephaniae Observation 

The dyed Aiptasia was fed to the A. stephaniae, and the A. stephaniae were 

observed at one-hour time intervals over the course of a day to ensure that the 

time frame used to take samples taken from the A. stephaniae could be tailored to 

fit the rate of passage through the A. stephaniae. It would not have made sense to 

carry out the experiments over time intervals of six hours if the nematocysts take 

only two hours to reach the cerata.  
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A. stephaniae Staining 

The nematocysts were only observed in the lumen of the cerata, mostly with 25-

100 micrometers of the epidermis of the cerata. The nematocysts were expected to 

be found evenly throughout the cerata, and yet the data actually displayed a 

pattern similar to a bell curve. Many of the nematocysts were found at between 25 

and 100 µm from the epidermis. This could indicate a preference for this range of 

distances from the epidermis. The p-value from the fisher’s exact test, selected 

because of the small sample size, was extremely low at 0.000059. This low value 

indicates that the data input into the fisher’s exact test was not significantly 

different, which allows the null hypothesis that the nematocysts would be evenly 

distributed through the cerata to be rejected.  

 

It was expected that the nematocysts would orient themselves with in the 

epidermis so that the nematocysts could be fired outwards. As the data reflects, 

this was not the case, as observed in the four sample A. stephaniae. Had the 

nematocysts in the A. stephaniae oriented as in cnidarians, it would be expected 

that all of the nematocysts would have been observed with orientation values of 4. 

This was not what was observed. The nematocysts were found in multiple 

orientation values with most of the nematocysts laying in the orientation of values 

1, 2, and 3. This could indicate that the orientation of the nematocysts is random, 

which is supported by the result of the chi-squared test. The result of the p-value 

was approximately 0.02, and since the threshold for significance for this 
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experiment was 0.05, it can be concluded that the data is not significantly 

different, as the p-value was lower than 0.05. 

 

The sample size was fairly small, so that could be a contributing factor to our 

results, but using the two conclusions from the results of the fisher’s exact test 

and the chi-squared test, the null hypothesis that the nematocysts are evenly 

distributed and oriented in one direction can be rejected. It can be inferred that the 

nematocysts may not act in A. stephaniae as in Aiptasia and other cnidarians. 

Most likely the nematocysts act as a deterrent to potential predators in a slightly 

different way. The nematocyst may function by positioning so that the predator 

receives a mouth full of nematocysts if the cerata are bitten off rather than firing 

when the predator brushes against the outside of the cerata of the A. stephaniae. 
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