Avoidance Behaviors in Nucella lamellosa: Triggers and Intricacies
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Abstract:

The Nucella’s defensive morphology is relatively well-understood compared to their defensive behavior, particularly what prompts it – but as for what prompts said defensive behavior, there have been varying results in other studies. In order to shed more light on this issue, this experiment, using the exemplary species Nucella lamellosa, focused on deciphering which stimuli prompted Nucella’s defensive behavior: something inherent to crabs (the Nucella predator) or something inherent to dead Nucella fellows. Two treatments and one control were set up: treatment one would see how Nucella lamellosa reacted to the presence of a known predator crab, Metacarcinus magister; and treatment two would see how Nucella lamellosa reacted to dead fellows.  The data came back with the answer that both stimuli prompt Nucella's defensive behavior. While the treatments were not significantly different from each other, both treatments were significantly different from the control. With this in mind, more research should be done on the varying factors that contribute to Nucella lamellosa risk assessment and what they perceive as riskier: dead fellow Nucella or the presence of predators.

Introduction:

Predator-prey interactions drive the ecosystem around them: what might seem like a relationship that only impacts two species can actually impact dozens (Taylor, 1990). Because of this, it is vital, especially as the Earth changes at a rate never seen before, to understand these interactions to keep ecosystems safe. To achieve this goal, many studies have been performed, such as those focusing on the Strongylocentrotus purpuratus’s relationship to Pycnopodia helianthoides (Schultz et al, 2016). In a similar vein of thought, I wanted to focus on predator-prey interactions, particularly on how the prey responds to the threat of a predator. If urchins have taught us anything, after all, it is that the role of prey cannot be understated in the implications it carries for the entire food web (Pearse, 2006). With this in mind, I had turned to Nucella, a rocky intertidal sea snail, to study how it might affect its own ecosystem in how it defends against predation.


Nucella’s defensive responses in regard to predator presence have been a major point of study for the genus for a while (Marko et al, 1991). Both morphological (such as a thickening of the shell (Large et al, 2012)) and behavioral (such as reduced general movement (Marko et al, 1991), reduced eating (Aschaffenburg, 2008), and more crevice seeking behavior (Large et al, 2012)) responses have been well-documented. Less-documented is what, exactly, prompts these defensive responses (Marko et al, 1991). The question remaining, then, is less that of if the Nucella can sense their predators, but how? Past studies conclude that it might have something to do with predators’ waste products, rather than the predators themselves, as, while some predators are capable of reducing their sensible presence, they cannot stop body functions as fundamental as waste management (Brown et al, 2000). If this is true, then it is agreeable that their prey would sense these inherent traces of their predators, especially if other senses do not compare to the level a prey’s chemosensors are on (Kohn, 1961).

The last order of business is, then: since Nucella seemingly only respond to waste products of their predators, are they really sensing the crabs, or just other, dead Nucella? Reports vary on this. Some studies say that the Nucella, even if they do not have the same predator as the one being used in the experiment, can sense and respond to those predators (Freeman et al, 2014). However, others say that snails don’t respond to the predators themselves if they did not evolve alongside said predators, but rather the dead snails that may be present in their waste products, which would suggest they sense dead snails to prompt their defensive behavior (Grason, 2017). Since these reports focus more on if invasive species react the same way native species do, however, controls for the predators, such as not feeding them Nucella, were not accounted for. This question is where I have stationed my experiment: regardless of other factors that come into how a prey responds to a predator, such as nativeness, I want to know what exactly the prey is sensing that lets them know a predator is near: their dead fellows or the predators themselves?

Given the previously established context, I have settled on studying an exemplary Nucella species, the Nucella lamellosa (frilled dogwinkle), and how it responds to two different predicaments: Metacarcinus magister (Dungeness crab) that has not, to the best of my knowledge, recently eaten Nucella; and the dead bodies of fellow Nucella lamellosa. Using a modified methodology based on Large’s 2010 study, this experiment allows me to make conclusions about how Nucella lamellosa, and other similar prey species, respond to different situations and the possible implications of those responses. With the conclusions of the pre-existing literature in mind, I figure avoidance behaviors will be seen most in the treatment sensing dead Nucella lamellosa, rather than the treatment sensing Metacarcinus magister, if only because the Metacarcinus magister would not have any Nucella in their waste products.

Methods and Materials:

14 Nucella lamellosa were collected during low tide from the shore of Friday Harbor Labs, San Juan Island, over the span of a couple of days. 24 rocks about the length of 60.96 centimeters were collected from the same shoreline. Two rocks were placed in each treatment container to form a sort of “crevice” for the N. lamellosa. Three Metacarcinus magister were collected via crab pods off of spots to the right and left of the Friday Harbor Labs dock. Raw chicken pieces were used as bait with some crab oil poured over them. The pods were left out overnight for a total of around 20 hours before being brought back up with the crabs.


Two of the extra Nucella lamellosa collected were held in a small container for safekeeping and three were euthanized via freezer to serve as the remains that one treatment was to sense. In total there were three treatments of tanks, with three replications in each tank. The treatments were as follows: the Nucella lamellosa alone, in order to provide a baseline of standard behavior in a lab setting; the Nucella lamellosa with Metacarcinus magister, as an experimental variable; and the Nucella lamellosa with their fellows’ remains, as another experimental variable. The Metacarcinus magister, to the best of my knowledge, had not eaten any Nucella lamellosa prior to captivity and did not eat any Nucella lamellosa while in captivity in order to best study if Nucella lamellosa were sensing them specifically or the Nucella-lamellosa-tinted waste products. There was one Nucella lamellosa per container in all treatments, one Metacarcinus magister per container in one treatment, and one euthanized Nucella lamellosa body per tank in the other treatment. The Nucella lamellosa were placed in crevices to begin with, to echo their usual low-tide preference of being in crevices, and given time (about ten minutes) to adjust to the new space. The Metacarcinus magister and euthanized Nucella lamellosa bodies were placed in and out of the appropriate tanks as needed. The Nucella lamellosa movement was graded on how long they spent doing certain behaviors for the next seven minutes: general movement (which includes sliding around seemingly aimlessly and shifting the shell), cautious behavior (which includes staying still inside or outside of crevices and sliding seemingly toward crevices), and feeding (which includes sliding seemingly toward and staying still on top of food). A repeat of each observation occurred three times a day for the four-day experiment.


Data analysis was done with a PARANOVA test on all the collected data, of treatment versus observation period (1, 2, or 3) to see if treatments were variable with an alpha value of 0.05. If so, a pairwise comparison was performed with an alpha value of 0.25 to see which treatments were different and how different.

Results:

The data ended up rightly skewed, making them hard to properly analyze. However, this in itself shows that the snails mainly exhibited cautious behavior during the experiment (see Figure 1).[image: image1.png]count
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However, beyond the cautious behavior, the snails would routinely feed (Figure 2). Even snails that ended up exhibiting the most cautious behavior still went out to feed, which was surprising. Notably, though, the control and the remains treatment ate more often.
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Beyond these overall trends, the PERMANOVA revealed that the treatments were significantly different (a P-value of about 0.03 compared to an alpha value of 0.05) from one another (see Figure 3). Periods of observation themselves were not significantly different from each other.
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Since treatments were significantly variable, a pairwise comparison test was then done with an alpha value of 0.25 (see Figure 4). The results of the test concluded that while the Metacarcinus and remains treatments were not significantly different from each other, both treatments were significantly different from the control.
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Discussion:

The hypothesis was not supported, as the Metacarcinus and the remains treatments were not significantly variable. However, considering that both treatments were different from the control, this leads to an interesting conclusion: Nucella lamellosa seem to sense both something inherent to crabs and their dead fellows that prompts defensive behavior. What exactly they’re sensing in both cases would need to be studied further, but this data supports the idea that those chemical cues are there.


This finding, therefore, does not align with previous research in regards to Grason (who concluded only nonnative snails react to dead snail remains rather than the predators themselves) and Freeman’s studies (who concluded all snails can react to the predators themselves, but varying factors seemingly affect the degree). More research will have to be done on the question of what exactly the Nucella lamellosa are sensing in both cases to be able to come to a definitive conclusion and help us fully understand how Nucella lamellosa behave and why.


The snails’ behavior did not differ among the observation periods, which also helps to show that their behavior in the lab would mirror that in real life; as the hours ticked by, the Nucella lamellosa had longer to adjust to not having containers over their heads, which were removed once at the start of observation period one, and then replaced at the end of observation period three each day. The fact their behavior did not change significantly throughout the day, then, is grounds to support the findings of this experiment.

However, important to consider in future research is how all the snails exhibited defensive behavior to an extent (see Figure 1). While this could be interpreted as how the Nucella lamellosa behave in the wild anyway (seeing as there was no significant difference in behavior between observation periods), some field studies would certainly be useful in figuring out the puzzle that is the Nucella lamellosa “normal behavior” to see just how different it is from their defensive state, which will hopefully help us to more accurately measure defensive versus general behavior in the future.

To the same degree, the fact that all the snails ate even if they were on the defense all other times is something to be noted for future research. Snails seemingly are able to calculate risk versus reward in terms of if they should rigidly adhere to their defensive behavior or not, even if they sense danger. This should be considered, considering the Nucella lamellosa’s role as predator and prey.
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