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Abstract:
Mercury (Hg) contamination of ecosystems is widespread due to long-range atmospheric deposition from industrial sources. Hg has adverse effects on wildlife including reduced performance, maintenance, and reproductive capabilities. Anoxic conditions present in aquatic ecosystems favor bacteria that facilitate the transformation of atmospherically deposited, inorganic Hg to bioavailable methylmercury (MeHg). Vernal pools provide critical breeding habitat for globally pressured amphibian species and support diverse invertebrate communities. These systems may also be particularly efficient in methylating Hg, as they are characterized by low pH conditions and high amounts of dissolved organic carbon and these parameters have been linked with increased methylation in other aquatic ecosystems.  
This study seeks to examine how hydrological differences between systems affect methylation dynamics and to determine the exposure of vernal pool biota to MeHg. Eight sites in two national parks in the northeastern United States will be utilized for this study. Pressure transducers that continuously record water level will be deployed at each site to quantify aspects of the hydrologic regime. Water samples will be collected and analyzed for parameters shown to affect methylation, including pH, temperature, conductivity, DOC, sulfate, as well as Hg and MeHg concentrations.
We hypothesize that the methylation efficiencies in vernal pools will be higher than other lentic, aquatic ecosystems. Ecosystems with methylation efficiencies over 10% commonly have elevated levels of Hg in biota (Krabbenhoft 1999). Contamination of vernal pool biota has implications to the health of these organisms, but also represents a vector for MeHg to move out of vernal pools and up trophic levels. These systems are integral to energy cycling, exporting as much as 140 kg of biomass per hectare annually to the surrounding ecosystem (Gibbons 2006).
Introduction:
Goal: 
To determine how the hydrology of vernal pools affects Hg methylation in these systems.
Justification: 
Hg is a potent neurotoxin that has negative effects on wildlife. Its contamination of natural systems is widespread due to long-range atmospheric deposition (Fitzgerald 1998). Anoxic conditions in aquatic systems facilitate the transformation of atmospherically deposited Hg to bioavailable MeHg. Vernal pool hydrology is distinctly different from other aquatic systems in the extent of their drying and variability of inundation (Grant 2005). We hypothesize that these factors affect the methylation efficiency in these systems. 
The ephemeral nature of vernal pools precludes fish that would otherwise prey on amphibian larvae, making the habitats critical breeding areas for some amphibian species (Brooks 2002). Amphibian declines have been widely reported since the late 1980’s and habitat degradation is thought to be a primary cause of decline in the Northeastern U.S. (Sparling 2000). Amphibians comprise a significant energy base at a low trophic level (Burton and Likens 1975). As such, bioaccumulation in these organisms provides a vector for MeHg to move up trophic levels and out of vernal pool ecosystems. The proposed activities will provide important data about how the physical environment influences methylation, as well as, the exposure of amphibians to MeHg in vernal pools.
Objectives: 
1. To quantify characteristics of the hydrologic regime including duration of inundation and variance of inundation.
2. To collect samples from the water column of vernal pools to be analyzed for chemical parameters that affect methylation, as well as, total Hg and MeHg concentrations. A methylation efficiency (MeHg/THg) will be calculated for each sample.
3. To analyze methylation efficiencies through the lens of hydrologic and chemical parameters.
Literature Review:


Hg as a toxin:

While Hg is naturally occurring element, it is also a potent neurotoxin. Scientific attention was first drawn to MeHg in the 1950’s when a high profile Hg poisoning event occurred in Minamata, Japan. Originally dubbed Minimata disease, it was characterized by adverse neurological effects such as sensory issues, problems with vision and speech, and difficulty walking (United States Natural Resource Council 2000). The cause was subsequently discovered to be MeHg poisoning from the consumption of contaminated fish. The effects of Hg in utero were found to be even more severe including mental retardation, cerebral palsy, deafness, and blindness (Harada 1995).
The adverse effects of Hg on wildlife are well documented including some species that potentially eat amphibians. A study of the Common Loon showed reduced reproductive success when fed diets that contained elevated levels of Hg (Barr 1986). Bouton et al.  fed great egret chicks a diet containing 500 ng Hg/g of food and observed that the chicks displayed decreased appetite and strength, altered maintenance behavior and a reduced motivation to hunt (Bouton 1999). Additionally, a study of black ducks showed impaired reproductive success through decreased egg production, hatching success, and embryo and duckling survival (Finley and Stendell 1978).

While the negative effects of Hg have been well studied in birds and mammals, contamination of amphibians has received relatively little attention. This is particularly surprising considering that the permeable skin of amphibians increases their susceptibility to environmental contaminants. It has also been supposed that their diverse diets, aquatic larval stage, and use of a wide range of habitats may also make them more susceptible to Hg contamination (Bergeron 2010). Reduced motor function and willingness to catch prey has been associated with elevated levels of Hg (Burke 2010).
Hg in the Environment:

Hg is released through natural processes including volcanic eruptions and geologic activity. However, anthropogenic activities including, coal burning, mining, production of cement and chlorine, and other industrial activities also emit Hg. The EPA estimates that between 2005 and 2009, 3,880 pounds of Hg entered the atmosphere from point sources in the U.S. (EPA 2010). The amount of Hg in the atmosphere has been significantly altered by anthropogenic activities. Measurements from lake sediment cores indicate that the amount of Hg in the atmosphere presently is three to five times greater than pre-industrial levels (Selin 2009).
Hg contamination of natural systems is widespread due to atmospheric deposition (Fitzgerald 1999).  High levels of Hg have been found in relatively remote areas, including the arctic, far away from potential sources. Upon entering aquatic ecosystems atmospherically deposited, inorganic Hg is transformed to a more bioavailable and harmful form of Hg, MeHg. MeHg bioaccumulates in organisms and biomagnifies up trophic levels. The anoxic conditions present in aquatic ecosystems favors anaerobic organisms like sulfur-reducing bacteria. These bacteria have been identified as the principal methylators of Hg in aquatic systems (Compeau and Bartha 1985).
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Fig 1. The aquatic Hg cycle (USGS 2011).
Vernal pools and amphibians:

Vernal pools are ephemeral, depressional wetlands and are commonly associated with forested landscapes in the glaciated Northeast. Precipitation and snowmelt are the primary water sources for vernal pools making them particularly susceptible to the atmospheric deposition of contaminants. The regular drying of vernal pools precludes the establishment of fish populations and this reduced predation pressure provides optimal breeding habitat for amphibians. Additionally, vernal pools also support diverse communities of invertebrates and generally have high species richness. 
Amphibians play an integral role in forested ecosystems as effective vectors for energy and nutrient cycling. Raccoons, snakes, owls, birds, turtles, and predatory fish eat various lifestages of amphibian species (Petranka 1998). Amphibians are a desirable food source for predators due to their abundance and ability to turn energy consumed into biomass. The biomass of salamanders in eastern forests has been estimated to be roughly twice that of birds during peak breeding season (Burton and Likens 1975). Amphibians serve both as a link between trophic levels as well as a link between aquatic and terrestrial habitats. Given their important ecological role, bioaccumulation of Hg in amphibian species may have cascading implications on other species.
Since the 1970’s populations of amphibians have been declining worldwide and the phenomena is known as global amphibian decline (Lannoo 2005). The International Union for Conservation of Nature (IUCN) estimates that one in three amphibian species worldwide is in danger of extirpation (IUCN 2010). Several of the pools included in this study, are used by Jefferson Salamanders. These salamanders have been designated a species of greatest conservation need in Vermont because a high proportion of the global population occurs in the Northeast (Vermont Department of Fish and Wildlife 2005, Terres 1999). Globally there are a plethora of stressors negatively affecting amphibian populations including climate change and disease, however in the northeastern U.S. the primary agent is habitat loss and degradation (Sparling 2001). Krabbenhoft (1999) found that ecosystems with methylation efficiencies over 10% commonly contained biota with elevated levels of Hg in their tissue. As such, determination Hg and MeHg concentrations in the water column will allow inferences to be drawn about exposure of amphibians to Hg in their breeding sites.

The inherent characteristics of vernal pool ecosystems lend themselves to efficient methylation of Hg. As in other aquatic ecosystems, the anoxic conditions present when inundated favors anaerobic organisms, like sulfur-reducing bacteria. Additionally, vernal pools are characterized by low pH conditions and high concentrations of DOC. Both parameters are positively correlated with increased methylation in aquatic ecosystems (Ulrich 2001). The unique hydrology of vernal pools may also increase the efficiency of these systems to methylate Hg. The drying and rewetting that results from water level changes shifts the redox cycle in a manner that favors sulfate-reducing bacteria (Munthe 2007). As a result, vernal pool ecosystems have the potential to be particularly efficient methylators of Hg.

While vernal pools are small ecosystems by area, they are extremely prevalent in the landscape of the glaciated Northeast. An inventory of the State of New Jersey using remote sensing techniques, mapped 13,000 potential vernal pools in a total area of 19,500 kn2. (Lathrop 2004). In addition to their prevalence on the landscape, vernal pool ecosystems export a significant amount of biomass, as much as 140 kg/ha annually, to the surrounding upland ecosystems (Gibbons 2006). Methylation in these systems and subsequent bioaccumulation by amphibians could result in the export of significant amounts of MeHg into the surrounding landscape and up trophic levels.
The purpose of the proposed research is to examine whether the hydrologic regimes of vernal pools influence the ability of these systems to methylate Hg. This will be investigated through the collection of Hg samples from vernal pools and through quantifying aspects of the hydrologic regimes, specifically period of inundation and variability of inundation. At present, there is no published data reporting concentrations of Hg or MeHg in the water column of vernal pools. These proposed activities will provide important information about the exposure of amphibians to MeHg in their breeding habitats. Characteristics of vernal pool hydrology will be determined from a continuous stream of data. Considering that previous hydrologic studies of these systems have primarily employed periodic visits, often at one week intervals, (Brooks 2002, Brooks 2004) the methods proposed in this study allow for finer scale hydrologic monitoring and more precise determinations. Through statistical analysis of the Hg and hydrologic data, we hope to clarify the role of hydrology on the transformation of Hg in these systems.

Proposed Research:
Hypothesis:
Considering the unique hydrology of vernal pool ecosystems, marked by regular drying and highly variable water levels, we hypothesize that these characteristics will affect the methylation of Hg in these systems.
Approach: 
Site Selection:
Two national parks in the northeastern United States, Saratoga National Historical Park in Stillwater, New York and Marsh-Billings-Rockefeller National Historical Park in Woodstock, Vermont, will be utilized for this study. Both parks will be toured with local scientists that have significant experience working in the vernal pools at each of the parks. Sites will be selected along a morphological gradient from expansive, shallow pools to well-confined, deeper pools to include pools with varying hydrologic regimes.
Sampling Plan:
Hg sampling will commence in the fall of 2010. One water sample will be collected from each of the eight vernal pools.  Low-level Hg water samples are extremely susceptible to contamination. As such, two sites will be selected at random to obtain replicate samples and an equipment blank and field blank will also be generated. This sampling will serve two purposes, to provide baseline Hg data for the study sites and to provide assurances that our sampling techniques are sound.

During the spring of 2011, a tiered sampling design will be implemented. One sample will be collected from each pool at the beginning of spring fill and also towards the end of spring fill before the pools dry in early summer. A subset of the pools will be sampled two additional times throughout the course of the spring. This tiered sampling design will allow us to determine how Hg and MeHg changed over the course of the season at each pool and will also enable inferences to be drawn about temporal variation through the course of the season.

In the fall of 2011, one sample will be collected from each site at the beginning of fall fill, before leaf off, and again before the pools freeze. Litterfall represents a significant input of Hg into the pools, potentially double the amount deposited via wet deposition (Jani Benoit, personal communication). As in 2010, we will e collect blank and replicate samples to detect contamination and provide assurances regarding the accuracy and dependability of the data. For every ten water samples, one replicate and one blank will be generated.

Two methods will be employed to collect water samples and the appropriate method will be determined by the hydrologic conditions. When there is ample water in the pool to allow for a grab sample to be obtained without disturbing the sediment, a grab sample will be collected. Alternatively, samples will be collected by extending a Teflon sampling line attached to a peristaltic pump out into the pool to obtain the most representative whole water sample. Hg samples will be collected in single use PETG bottles.
Each sample collected will be analyzed for total Hg and MeHg. Methylation efficiency, the ratio of the concentration of MeHg to the total Hg, will be calculated for each sample. This ratio indicates how efficiently each system is transforming the available Hg. All samples will also be analyzed for chemical parameters that affect methylation in aquatic ecosystems. These analytes will include dissolved organic carbon (DOC), pH, electrical conductivity, temperature, and sulfate and nitrate concentrations (Ulrich 2001).
Hydrologic Data:
In each of the eight study sites, Hobo Level Logger pressure transducers (Onset Corporation) will be deployed to continually record water level. These pressure transducers are unvented; so one additional Level Logger will be deployed at each park to measure barometric pressure in order to correct water level readings for fluctuations in atmospheric pressure. These loggers are accurate to .01 ft. This hydrologic data will be used to assess the timing and variance of inundation in each of the pools.  
If funding allows, high-resolution elevation surveys will be conducted. These surveys will utilize RTK GPS survey equipment which has a vertical resolution of 1 cm. Fine scale elevation surveys would allow for the water level data to be extrapolated to surface area inundated.

Data Analysis:
The timing, variance and extent of inundation will be used to construct an index or indices that describe the severity and variance of inundation. These hydrologic based indices will be combined with the chemical parameters as independent variables in multivariate analyses in which total Hg, MeHg, and methylation efficiency are the dependent variables. 
Expected Outcomes:

Hydrologic characteristics will be quantified through a continuous record of water level data that will allow for more precise determinations than has been possible in previous studies of vernal pool hydrology. The Hg data will provide important information about the exposure amphibians to MeHg in their breeding sites. The fine scale temporal hydrologic data, along with the Hg data should allow us to determine whether vernal pool hydrology affects methylation and potentially how different hydrologic characteristics affect methylation.
Limitations:

The primary limitation of this research will be the number of Hg samples generated. This will limit the statistical significance of the results. Hg analysis, especially MeHg analysis, is very expensive. Including the ancillary chemical parameters each sample will carry an analysis cost of approximately $200, which will restrict the amount of samples that can be collected. Low-level Hg water samples are also prone to contamination. Considering that preservation of samples will be done outside of a trace metal clean lab, contamination could be an issue.

To be continued…
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