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Scientific Background – Literature Review


Certain elements, known as micronutrients, are nutritionally important to aquatic systems.  These include Iron, Manganese, Zinc, Copper, Boron, Cobalt, Molybdenum and Vanadium.  Physiological importance of these micronutrients has been studied mainly from a deficiency standpoint.  Necessary for plant and animal growth, most of these metals are toxic if applied in excess, but a complete picture of their distribution in aquatic systems is undefined.  While small amounts of Copper, Zinc, Cobalt and Molybdenum occur naturally in streams and rivers, concentrations of these heavy metals in freshwater may increase with inputs (Wetzel 1983).


Sources of metal contamination, namely from copper, can be simply defined as industry and combustion (Wetzel 1983).  Specifically, major sources are agricultural chemicals (Gomot-de Vaufleury 2000; Gomot and Pihan 1997), industrial effluent, mining runoff and several categories of transportation processes (Gomot and Pihan 1997).  Used in conjunction with enzymes for various metabolic processes (Chang and Cockerham 1994), copper is necessary for synthesizing hemocyanin, the respiratory pigment common to many invertebrates (Gomot and Pihan 1997).  While beneficial, large concentrations of copper can be detrimental to mollusks, their food sources and plant cover, and solutions of copper are commonly used to control molluskan pests (Harman 1974).  

Several sources (Fang et al 2001; Soto and Marigómez 1996; Swaileh and Ezzughayyar 2000; Gomot-de Vaufleury 2000) have identified some mollusks as storehouses of heavy metals from their respective environments.  Blackmore (2000) explains that if present, this ability varies from species to species and depends on the mode of uptake (respiration or ingestion) and physiological distribution.


Other indicator species of metal uptake include fish (Bervoets et al 2001), amphipods (Bentley and Hurd 1995), insect larvae (Fargaošvá 2001), annelids (Marinussen et al 1997), gastropods (Gomot and Pihan 1997; Blackmore 2000; Pihan and de Vaufleury 2000; Fang et al 2001; Swaileh and Ezzughayyar 2000) and other mollusks (Fang et al 2001; Shofer and Tjeerdema 2002).  Studies concentrate on environmental topics such as human ingestion (Fang et al 2001), agriculture (Gomot and Pihan 1997; Marinussen et al 1997) or the test species’ capacity as a parasite host (Bentley and Hurd 1995).  Another study considers gastropod dietary needs and the effects of organic toxin accumulation on life stages (Swaileh and Ezzughayyar 2000). 


Gastropods in general are excellent subjects for research.  First, from an ecological perspective, many are primary consumers of plants and algae (Gomot-de Vaufleury 2000) and can be important links in food webs (Gomot and Pihan 1997).  Typically, they are easy to collect and their slow movement indicates precision in site specificity (Gomot-de Vaufleury 2000).  Evolution and ecology of gastropods is also important.  Often, different species in the same ecosystem have evolved different strategies such as food, shelter, water depth (if aquatic) and water velocity.  Migration within the ecosystem has been shown and because of their different requirements, a tendency exists for very little competition or niche overlap (Brown 1991).


In general, pleurocerids are abundant (Stewart and Garcia 2002), diverse and poorly understood (Dillon 1989).  They are also important to the biomass of the ecosystem (Stewart and Garcia 2002), easily sampled year-round and found in isolated populations within ecosystems (Dillon 1989).  It has also been shown that they can be sensitive to environmental changes (Stewart and Garcia 2002).

Leptoxis (= Spirodon; = Mudalia) carinata (Gastropoda: prosobranchia: pleuroceridae) (Bruguière), the study organism, is distributed along the eastern portion of the United States.  They are found in rivers and streams from New York to South Carolina within the Atlantic drainage system (Stewart and Garcia 2002).  Populations of L. carinata tend to be very dense (Miller-Way and Way 1989) and it has been estimated that they may comprise 65-95% of the total biomass of benthic invertebrates in their habitats (Stewart and Garcia 2002).

The life span of this species is about two years and they reproduce once during their lifetime.  Growth of L. carinata is restricted to two three-month periods.  They are dioecious (Aldridge 1982) and females are identified by the presence of an egg groove (Jones and Branson 1964).  They further restrict themselves by only inhabiting shallow patches of rivers and streams with fast-moving water and rocky substrate, known as riffles.  Aufwuchs (benthic scum) on the substrate is their food source (Aldridge 1982).  

Objectives


The first objective of this study is to gather data in order to approximate total body copper concentration in a population of Leptoxis carinata, copper concentration of the water and also of their food source.  This information will be the foundation for a series of laboratory experiments that will provide some knowledge of copper uptake in this species in relation to age, sex, copper concentration of the food and that of the water.  I will also look at time to copper steady-state in the snails and its decay, as well.  Data from the experiments will possibly determine if this species is a storehouse of copper and also what the normal physiological concentration is.  I have already discussed the sensitivity of many pleurocerids to environmental changes and my study will look at how this species will react to environmental copper and whether it is a storehouse or a regulator.  Consequently a conclusion will be formed concerning L. carinata’s future use as an indicator species of heavy metal inputs in the environment.

Finally, it is important that this study adds to the knowledge and literature of the Leptoxis carinata’s biology.

Methods – Research Design


Preliminary work

Snails will be collected from a site located along Marsh Creek in Gettysburg, Pennsylvania.  Juvenile (<5mm shell length) and year-old (about 10 mm shell length) specimens will be gathered.    Using a plastic scraper, samples of aufwuchs will be taken from the substrate to determine the copper concentration in the food source and samples of water will be collected and analyzed for its copper concentration.  This will be performed weekly for two months.  Samples will then be transported to the laboratory for analysis.  The preliminary data will provide a foundation for the other experiments.


Laboratory experiments


Once in the laboratory, freshly collected snails will be maintained in four groups in small containers with the appropriate water flow, temperature, and photoperiod.  Details of which will be determined at a later point.  The first group is the control group.  They will be provided with Aufwuchs on rocks collected directly from the study site and water will be replenished as needed from the creek.  I will then use water with a copper concentration lower than that found in the creek, from a natural source or purchased, to maintain rocks coated with aufwuchs.  The algae on these rocks will provide nourishment for the snails.  By using low-copper water, I can hopefully control the amount of copper which will be input from the food.  Aufwuchs from these rocks will be analyzed for their copper concentration prior to the experiments.  Based on the results from the preliminary testing, three groups will be categorized as low, medium and high copper concentrations.  For example if N is the average concentration of copper in the water from the first part of the analysis, low will be 1.5N, medium will be 3N and high will be 6N.  Solutions of these concentrations of water will be added to the respective experimental groups.  Depending on how this experiment runs, it may be modified using other concentrations in a second (or possibly third) experiment.  Concentrations of copper in these groups will be closely monitored and maintained.  Snails will be periodically removed from each group and analyzed, as well as water and food samples.  This will take place weekly until a steady state is reached for the snails.  Time and optimal concentration to reach this steady state will be used in a third experiment.  It will be performed as the other experiment was run, except all snails will be placed into one habitat and maintained at this copper level until a steady state is reached.  Then, all copper input will stop when they are transferred to a new container with low-copper water.  Several snails will be periodically removed (once weekly) and analyzed.  This will help determine the rate of decay of copper in Leptoxis carinata.  It will also show if accumulation of copper occurs in this species, if the decay does not happen.


Copper analysis


Snails will be starved for two days prior to being analyzed in order to clean out the digestive tract.  Shell lengths will be recorded using a micrometer and shells will be lightly scrubbed to remove any debris that may contain copper.  The snails will then be individually relaxed using a few menthol crystals and their sex will be determined.  Following and modifying the procedures used in several studies (Pihan and de Vaufleury 2000; Blackmore 2000; Gomot and Pihan 1997) the snails will be individually frozen at -20°C.  For analysis, they will be taken from the freezer and their shells will be manually removed.  By freezing the samples, loss of fluids and tissue is minimized.  They will be defrosted in individual, pre-weighed containers and dried at 60°C until a constant weight is achieved.  This weight will be recorded.  Following Pihan and de Vaufleury (2000), a standardized amount (measured in mg) for each sample will be placed in individual polythene tubes and digested under pressure with 50% HNO3.  Mineralization will be finished at 65°C for 48 hours.  This will then be adjusted to a common volume [Pihan and de Vaufleury (2000) and Gomot and Pihan (1997) use 19mL] with distilled water and analyzed for copper content using Atomic Absorption Spectrophotometry.   


The water and aufwuchs will be processed for analysis according to Bervoets et al (2001).  Water samples will be filtered through a 0.45 (m filter and acidified with nitric acid to a pH of 2.0, then stored in polypropylene vials at 4°C until analysis.  The food source samples will be dried at 105°C and 0.5g will be measured and digested with a mixture of HNO3 and HOCl4 at a 4:1 ratio.  These will also be analyzed using AA Spectrophotometry. 

Methods - Data Analyses

Variable types


The following variables to be analyzed are nominal scale, since their measurements are recorded as a name: age and sex of the snails.  Copper concentration is a continuous variable because it is on an infinite scale.  By this I mean that there is an infinite measurement between steps on the scale (i.e. 6.13722…..().

Statistical Analyses


In the preliminary study, I will calculate a central tendency (mean) for copper concentration of food, water, young snails and old snails of both sexes.  For the concentration of copper in the water, I will see a range which will be used in the laboratory experiments. 


Multiple linear regression (transformed if necessary) will be used in instances where the analysis compares different types of data and the units might not be similar.  I will use multiple linear regression to determine a possible linear relationship between the dependent variable, which is the total body copper concentration in the individual snail and the independent variables: copper concentration of water, copper concentration of food, age and sex of the snails.


Rates of uptake and decay will be measured as concentration per time and steady state will me recorded as time to no longer changing concentration.


Q-Q Plots will be used to check for normality of the data.  ANOVA tests from the multiple linear regression output will show homogeneity of variances.  All data will be analyzed using SPSS 10.0 or other current version.

Discussion


Considering their numerous unique characteristics, one would expect that more literature concerning the biology and ecology of L. carinata would exist. There are still many aspects of this fascinating species that should be described.  This is the first study of this type for this species.  Many of the studies I have mentioned use larger species of gastropods and are thus better able to divide the body into measurable pieces.  For example, most studies measure concentration within the storage organ, the digestive gland (Pihan and de Vaufleury 2000; Gomot and Pihan 1997; Gomot-de Vaufleury 2000).  The digestive gland of this species would be too small to accurately dissect and weigh for measuring its stored copper.  This is why I am looking at the whole organism.  Storage should be shown with this experiment.  Ultimately, I feel that disrupting the integrity of the smaller body increases one’s chance for error in processing the samples.  The preliminary study may show how much copper is due to the hemocyanin itself.    
Initial study design considered multiple collection sites.  After further discussion with peers, it was decided that not considering many of the original variables would be the best option.  My study will pave the way for future research since it truly is a starting-point study.

 Many studies (Fargaošvá 2001; Pihan and de Vaufleury 2000; Gomot and Pihan 1997) use farmed snails.  My study is more indicative of the wild-type species.  I think, too, that Leptoxis carinata’s importance to humans is not necessarily obvious to many people.  Other studies (Pihan and de Vaufleury 2000; Gomot and Pihan 1997; Gomot-de Vaufleury 2000; Fang et al 2001) consider mollusks that are consumed by humans.  My study is related to Bervoets et al (2001), which is a field study of water, benthos and organisms that are important to the aquatic food web and thus the ecosystem as a whole.  This is my study’s importance to human ecology.   

The collection river is ecologically important in terms of human activity.  Many roads traverse Marsh Creek and there are recreational activities along and within it.  It also flows through agricultural areas and is used as a municipal water source just upstream of the anticipated collection site.  This is an excellent argument for studying copper in this species in this aquatic ecosystem.  Another alternative I using is analyzing multiple species from the site.   Gomot and Pihan (1997) found a significant difference in metal uptake between two subspecies of snail.  This also would be a good study for this system, since the system supports numerous aquatic species such as mollusks, arthropods and vertebrates.  Personal observation reveals that L. carinata is consistently found at the site. This is not the case for many gastropods that can be found there.  It is an excellent option, but within this proposal, I can not predict which other species will be abundant at the time of collection.

Copper has been known to fluctuate with certain environmental factors.  Season  and pH have been shown to influence copper availability, uptake and storage in some species (Moriarty 1983).  In my study, I will attempt to avoid this variability by controlling the properties of the water and the ambient environment.  this may not be the right way, since the ecosystem can be variable, but it is not necessarily the wrong way, either.  I just think it is the best method.  

Another alternative design would be to consider density of the populations.  Aldridge (1982) has found that aggregation of this species is influenced by substrate type and water depth.  There is also evidence for differences in copper uptake for conspecifics at different locales (Blackmore 2000).  All of these are excellent experiments, which would really make a more confusing study and might be better used in separate studies.

An obvious parasite infection can influence copper uptake and storage in some species (Bentley and Hurd 1995).  While this information may explain some of the  variability and outliers that may occur, the fact that the snails will be kept in closed quarters for a period of time will not allow me to determine how long the infection has been present in the individual.  In some instances, the parasite may move from host to host and may not be truly natural for the individual and consequently, indicative of copper concentration.

Finally, due to time constraints and the complexity of this study, other micronutrients will not be considered.  This is another study that would prove to be valuable, as it would provide a better profile of the heavy metal uptake and or ability to regulate these elements for this species.  Zinc uptake is often studied in gastropods (Gomot-de Vaufleury 2000).  This may be easier to look at in snails, as it is not part of the hemolymph the way copper is.  However, since heavy metal uptake in this species has not yet been studied, I think copper is the best one to look at initially.  Adding a different metal to analyze may not fit within the allotted time, lab space or budget.

There are still some unsresolved issues pertinent to the study.  First, I am uncertain which solution of copper to use for the experiments.  I could make one from raw chemicals or I could consider a commercial preparation, such as a fertilizer (which would contain other nutrients) or an aquatic pesticide (diluted, of course).  Both of which would be readily soluble in water.   
Schedule

Sampling of snails for the preliminary study will commence in early April, 2004.  Once completed, collection will take place for the controlled experiments and then a final collection for the uptake-decay experiment. Expected experimental completion is October, 2004.    As the study is being performed, data will be maintained in an SPSS data sheet.  October 2004 through March 2005 will be used for data analysis and preparation for presentation in May 2005.  All work will be performed at Hood College pending the necessary permission and instruction.

Budget


I do not expect the cost of this study to exceed $7,000.00.  This will cover analytical (chemical and glassware) expenses.  Personal time and transportation variables are not, and will not be, factored into the cost.  Support will be graciously accepted from Hood College, if any funds are available (most likely a nominal amount).  I will also seek funds from the United States National Park Service, especially since a collecting permit will be easily obtained for the Marsh Creek site.  Also relevant would be money from the United States Fish and Wildlife Service.

Honor Pledge

I pledge that I have neither given nor received any unauthorized aid on this assignment.
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