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Introduction: Snails require large amounts of Ca calcium (Cacalcium) for shell production and reproduction (Skeldon); however snails cannot take in Ca directly through the soil though. Soil Ca is taken up by surrounding trees through their roots, incorporated into their leaves, and fall off in the fall. After the leaves fall, it returns the Ca back to the soil in a form that the snails can eat and in turn, use and incorporate into their shells and eggs. (Raivo, M). A 73% increase in abundance of snails was found in plots that were treated with Ca when compared to a control plot (Skeldon). Snails have been found with greater species richness, abundance, and biomass, in soils that are rich in Ca when compared to Ca poor soils (Boycott 1934; Wareborn 1992; Hotopp 2002).  The amount of calcium is partially dependent on the level of acid deposition that a particular area receivesgets; the more acid deposition, the less Ca available (Likens et al. 1996; Driscoll et al. 2001). Acid deposition has become an increasing concern due to the wide range of impacts it can have on a landscape – decreases in soil pH and loss of soil fertility are two factors. Both of these can cause an overall decrease in productivity of the forest (DeForest, J. 2011).	Comment by Adam Wild: Add the year of publication to your references	Comment by Adam Wild: It sounds like you are saying the snails get Ca from the soil. You need to say that they eat the foliage with which has the Ca. 	Comment by Jerome Barner: Year associated with author?	Comment by Jerome Barner: Year?	Comment by Adam Wild: This looks correct, has the year	Comment by Adam Wild: What are other reasons for influencing soil Ca? 
By artificially adding more soil Ca, an overall increase in their numbers are expected due to more snails surviving, growing to maturity, and reproducing. If snail populations are heavily affected by overall soil Ca, they could potentially become a bioindicator species for available calcium in an ecosystem. 	Comment by Jerome Barner: What form of Calcium? Available calcium to snails?	Comment by Adam Wild: You need to add a paragraph about N and P. If there is nothing about N and P with snails you should say how N and P are important for forest and how nothing has been done with N and P and snails. There is all this research on snails and Ca but nothing on N and P! That is the cool part of this study. It is not interesting to see if there is a Ca response. People have already done this so it is not new. The new exciting thing is if N and P influences snail abundance
This study plans to investigate the effects of soil Ca calcium (Ca) availability on snail populations in forests that were treated with wollastonite (CaSiO3) at the rate of  311500 kg Ca/ha. soil calcium (CaSiO3). The calcium plots being used were each fertilized with a one-time application of CaSiO3 in 2012. The study It will also look at the effect that nitrogen (N), and phosphorus (P), or N and P together have on snail populations as well. The calcium plots being used were each fertilized with a one-time application of CaSiO3 in 2012. The N, P, and N&P plots were re-fertilized twice a year (May and July). Nitrogen was applied as Aammonium nitrate pills (NH4NO3) at the rate of 30 kg N/ha/yr and P was applied andas monosodium phosphate powder were used for N and P respectively. 30 kg N/ha/yr of ammonium nitrate is applied, and at the rate of 10 kg P/ha/yr. of monosodium phosphate is applied. Bags of preweighted fertilizer is evenly applied throughout the whole plot. 	Comment by Adam Wild: Defined in the intro	Comment by Jerome Barner: It may be good to introduce your study at this time in the form of what you are planning to do. You don’t have to go in depth right now, but it would be good to bring up the cardboard sampling method before you expand on it later.
Hypothesis: More individual snails, –  regardless of species,— will be found in the plots that have been treated with Ca as compared to controlthe  plots that have not been treated at all. Little research has been done documenting the effects of N or P on snail populations; I expect them populations of snails to differ in the N and P addition plots but not enough information is known to predict whether to differ, although I am unsure by how much, or if it will N or P will increase or decrease thesnail abundance population. 	Comment by Adam Wild: Move this up to the introduction	Comment by Jerome Barner: Do you have any reach hypotheses? Because this is a new research area for snails, can you say anything else about what might be expected…..is there any research on the effects on nitrogen or phosphorus alone from which you could infer?

Methods: Within each forest stand, there are 5 treatment plots. Each plot is either fertilized with N, P, N&P, Ca or nothingno synthetic fertilizer (control). Stands C6, C8, JB (middle- age) and JB (old age) will be sampled. Each plot has posts marking 10 meter intervals, in a 30 x 30 meter grid (Fig, 1). The 12 outer boundary points will be sampled, while the 4 inner points will not be sampled.  Two 8 ½ by 11 inch cardboard sheets will be laid out at 12 points in each plots. This totals to 24 cardboards per plot, 120 per stand, and 480 in total. After it rains (at least a half an inch), the cardboards will become wetsaturated; and as the surrounding leaf litter begins to dry out, the cardboard will remain wettermoist, which provides an ideal habitat for snails. The snails will be attracted to the damp cardboard and attach themselves to the bottom, which we will then collect after the rain. If there are more than 20 snails on the first cardboard, then only they will be taken; however, if there are fewer than 20 snails on the first cardboard, then the second cardboard’s snails will be taken as well. The snails will be kept together based on which cardboard they came from and not mixed with other boards. The snails will be kept in 2 ml microcentrifuge tubes; they will be removed from the cardboard with a pair of tweezers and placed in the pre-labelled tubes, all of which will be prelabeled prior to going out in the field. They will be kept together by stand in a plastic Ziploc bag, with 3 groups of 4 taped together (A1, A2, A3, A4 and B1, B4, C1, C4 and D1, D2, D3, D4).  Larger, 20 mL vials will be kept on hand as well, in case of larger snails. All cardboards will be collected as close to the same time as possible to negate any time based or drying effects. The time from the end of the rain event to the beginning of collectionng will be kept as consistent between collections if possibleas well.  	Comment by Jerome Barner: These are two different study sites although they fall under the same scope of the project, describe location a little more in depth, elevation may be an interesting aspect to include	Comment by Adam Wild: You need to say something about the buffer as you are actually sampling in the buffer	Comment by Jerome Barner: And possibly refugia?	Comment by Adam Wild: Do you have a citation for this method? How about the HB paper? 	Comment by Adam Wild: Say snails will be counted and put in the tubes. 	Comment by Adam Wild: what about counting?	Comment by Jerome Barner: This is an important piece of the methods, make sure you are as clear as possible. Clear so that your methods and  results can be replicated.	Comment by Adam Wild: This is not the most efficient way.  I know you already have them labeled but you need to rethink this part. You want to be able to go around the stand in a circular pattern and so you want to be able to fill a group of tubes, put it back in the bag and not pull it back out. I guess I did not understand that this is what you were doing today. You want to have one side in a section or some order that does not require you to keep pulling the tubes in and out.  	Comment by Jerome Barner: Stipulate, maybe in the same morning? Each stand within an hour? Need a time constraint or window at least.	Comment by Adam Wild: You should explain the difference in JBM. 

Analysis: The number of snails will be recorded per cardboard, and then each repetition (same cardboard, same spot, different time/rain) will be averaged together. All the cardboards from one fertilizer can be averaged together as well, which can give an overall average and standard error in the number of snails found in each treatment. The overall average in each treatment can then be compared to each other to determine if there is a significant difference between the treatments.  	Comment by Adam Wild: What is one fertilizer?
Expected result: I expect that there will be significantly more snails found in the Ca plots as compared to all other plots, with a significant –but unknown– difference between the N, P and N&P plots.	Comment by Jerome Barner: Any hypotheses based on the literature for N or P alone, or is it untested?
Implications: If snail populations are affected by the amount of Ca, N and P present in the soil, this could lead to further research to see what other species are affected and what impact it has on the environment. It is possible that arthropods could be affected as well, which could have a cascading effect on any predator that relies on them. Snails could also become an indicator species for low level of soil calcium. Birds also rely on snails during the breeding season for the extra calcium that they need for egg laying. By knowing the effects of calcium on snails, this could also lead into further research about how it affects the local bird population and the survival rate of their eggs/chicks (Hochachka, W. 2001.)	Comment by Jerome Barner: What sort or impact? Just a generalized cascading effect or something more specific?	Comment by Jerome Barner: For laying eggs or for egg shell strength?
[image: https://lh5.googleusercontent.com/RwJTsPbDB-viLR0mJVU4aYp1y4nJfcpnI6rt6r_P9dQ1MmUdpd__InpszkudVgJfnXITyEEO_QsQI8-Vvb_QxueH_6gBxpEGgi4QNP-O29BJhhwSl1L0H3T8ZkquuHeVEw]	Comment by Adam Wild: Can you draw in where the cardboards are located in the plots? Maybe add a figure of JBM and show the difference.
This is one plot outline, there are 5 plots per stand, and 4 stands being sampled. 
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