DRAFT – For Intra-Agency Policy Deliberations Only

Mercury Bioaccumulation in the Food Webs of Two Northeastern Massachusetts Freshwater Ponds

April 2003

Massachusetts Department of Environmental Protection

Office of Research and Standards

1 Winter Street

Boston, MA  02018

Mercury Bioaccumulation in the Food Webs of Two Northeastern Massachusetts

Freshwater Ponds  

Abstract

Mercury partitioning in the food webs and sediments of two similar, close proximity ponds in northeastern Massachusetts (Stevens Pond in North Andover and Pomps Pond in Andover) was investigated.  In spite of their similarities, an earlier work on these ponds in 2000 (MADEP 2002) showed that mercury levels in largemouth bass, the top predator, were much higher in Pomps Pond.  The ponds’ proximity suggests atmospheric deposition of mercury to the ponds would be equivalent.

Sediment and biological samples from lowest to highest trophic levels were collected in the summer of 2001 and analyzed for total mercury.  Methylmercury concentrations and acid volatile sulfide concentrations were also determined in sediments.  

Mercury bioaccumulates in some groups of organisms in the ponds.  A number of measured attributes were similar between ponds, and considered to be insignificant to the process of mercury transfer, whereas other attributes differed, and may be associated with mercury bioaccumulation.  Additional measurements of the amount of wetlands surrounding the ponds and the size of the watersheds were made and compared.  The area of adjacent wetlands, in particular, was markedly different between the ponds and corresponded to high levels of tissue mercury in predatory fish.

I.  Introduction.


The recent documentation of high levels of mercury in fish from northeastern                                Massachusetts freshwater lakes and ponds calls attention to the need for additional study of mercury bioaccumulation in these environments  (Rose et al., 1999, MA DEP, 2002).    Mercury is known to bioaccumulate in some ecosystems (Sydeman and Jarman, 1998). To gain a greater understanding of the process of mercury bioaccumulation in fish and to determine the extent to which it occurs in our freshwater lakes, an initial food chain study was conducted of the ecosystems in two small, similar lakes located within a few miles of each other.  The ponds, Pomps Pond in Andover and Stevens Pond in North Andover, lie in the air shed of an urban area that conducts centralized incineration of municipal wastes.  Thus, atmospheric deposition of mercury should be roughly equal into the ponds.  


Fish studies in Massachusetts have focused on large numbers of lakes across wide geographic areas.  The present study was designed to examine pond characteristics at a smaller scale, in hopes of observing relationships not perceptible in studies that encompass the variation associated with lakes in different geographic and climatic areas.


In a sampling event in 1999 (MADEP, 2002), largemouth bass from Pomps Pond contained different amounts of tissue mercury than those from Stevens Pond.  We assume that factors that influence mercury uptake in the ponds would be measurably different, since mercury concentrations in largemouth bass were different.  Likewise, factors that are the same in both ponds are assumed not to have a significant influence on mercury uptake.  By examining mercury content at each trophic level, we anticipated finding differences or similarities between ponds that correlated with tissue mercury concentrations in largemouth bass or other trophic groups.  Ponds that bore many physical, biological and geographic similarities should increase the probability that variables favoring mercury bioaccumulation would be observable.  To that end, measurements were taken and analyses conducted to determine the comparability of the ponds and the mercury levels present in the ponds’ broadly defined trophic niches and sediments.  

Pond Descriptions.


In an earlier study (MADEP, 2002) fish and water quality data from 26 ponds in northeastern Massachusetts were collected.  Edible fish tissue was tested for mercury, other trace metals and PCBs, and water quality parameters were assessed.  Based on the data collected for the study, Pomps Pond in Andover and Stevens Pond in North Andover were selected for more detailed study.  Table 1 presents pond characteristics determined from data gathered in the spring of 1999.  Water temperature, dissolved oxygen, pH and specific conductance are means of measurements taken at four or five depths at a single deep location in the lake.  Fish condition indices are means of 9 fish.

Table 1.  Pond Characteristics Determined in 1999

	Attribute
	Stevens Pond
	Pomps Pond

	Area
	23 acres
	24.6 acres

	Adjacent Wetlands 
	0.5 acres
	37.9 acres

	Size of Watershed 
	1,629.4 acres
	1,707.3 acres

	pH
	8.1
	8.0

	Maximum Depth
	3 meters
	3 meters

	Water Temperature
	12.9 C
	15.2 C

	Dissolved oxygen
	12.8 mg/l
	11.2 mg/l

	Specific conductance
	282 ms
	206 ms

	LMB mean condition index*
	1.20
	1.43

	YP mean condition index*
	1.21
	1.42


                          * (Weight/length)3 (Ricker 1975).


Pomps Pond.  Pomps Pond is a 24.6-acre natural great pond located one and one half miles south of Andover Center in the Shawsheen watershed of northeastern Massachusetts. This kettle pond of glacial origin is rather shallow, having a maximum depth of only 3 meters and an average depth of 1.5 meters (Table 1). The dark brown water has a transparency of only 0.75 meters in the spring of 1999.  Aquatic plants are common and abundant, dominated by water lilies and pondweed. The eastern shore of the pond is owned by the town and used for a town beach.  A marsh on the west shore and boggy inlet and outlets preclude development on the western portion of the lake. A Girl Scout camp occupies the southern lakeshore, which consists of steep-sided hills of glacial drift.  

A 1982 summer survey by Massachusetts Fish and Wildlife (MDFWELE 1982) found nine fish species, the most numerous being yellow perch (Perca flavescens). Other fish species encountered included bluegill (Lepomis macrochirus), black crappie (Poxomis nigromaculatus), golden shiner (Notemigonus crysoleucas), brown bullhead (Ictalurus nebulosus), pumpkinseed (Lepomus gibbosus), chain pickerel (Esox niger), largemouth bass (Micropterus salmoides) and American eel (Anguilla rostrata).  Previous fish tissue testing has resulted in mean total mercury muscle concentrations in largemouth bass of 2.12 mg/kg wet weight, when normalized to a standard-sized fish of 33.9 cm (s=0.50) (MADEP, 2002).  Mean yellow perch mercury concentrations were 0.47 mg/kg, normalized to a standard-sized fish of 24.2 cm (s=0.18).



Stevens Pond.  Stevens Pond is a 23-acre former millpond in North Andover, in the Merrimack watershed.  The pond lies in a valley below Lake Cochichewick, which is the source of Stevens Pond water.  Damming Cochichewick Brook early in the period of industrial development created the pond.  Stephens Pond is a shallow (3 meter) sandy-bottomed pond supporting a town beach on the southern end and a condominium complex on the northern end.  The remainder of the pond shore is undeveloped.  Small patches of wetlands occur in the pond subbasin.  


Mean total mercury in largemouth bass edible tissue tested in 2000 was 0.55 mg/kg wet weight (s=0.17).  Mean yellow perch mercury was 0.47 mg/kg wet weight (s=0.09).  Both tissue mercury values are based on standard-sized fish (MADEP, 2002).  

II. Materials and Methods


As the study was a small-scale preliminary examination of the issue, a comprehensive analysis of all media was not attempted.  We did not conduct mercury analysis of water, and plants and invertebrate organisms were not identified to species level.  


Field Sampling.  Clean hands/dirty hands sampling was employed to help prevent cross-contamination.  “Clean hands” opened and sealed sample containers, filled out labels and forms, and placed samples in the ice chest.  “Dirty hands” deployed, recovered and handled sampling gear, conducted boat motor fueling and handling, and transported the ice chest from the boat to shore.  


Sample collection occurred during the last two weeks of July 2001.



Piscivorous fish were collected using electroshock boats, gill nets, or fishing rods.  Nine fish per species were sought in a range of sizes.  Fish were rinsed in ambient water, chilled on ice, wrapped individually in tin foil, and placed inside zip lock bags.



Benthic organisms were collected by grab sampling or dredging using a net, rake or grab sampler.  For each major taxonomic group, approximately one gram of material was collected.  Leaf litter was removed, and the samples were elutriated in the field using a 64(-mesh sieve.  The material on the sieve was sorted and the unwanted component discarded.  If necessary, additional grabs were conducted to obtain 10-15 of each species of insect, 3-5 bivalves, 10-15 gastropods, and 3-5 crayfish.  The material on the sieve was transferred to containers.  



Plankton was collected using 150( mesh nets in plastic frames in a horizontal or oblique tow.  Sampling occurred at dusk in both ponds.  The outside of the net was washed down with lake water to concentrate plankton in the collection bucket.  A 100 ml. plastic sample jar was rinsed 3 times with pond water.  The sample was transferred to the rinsed jar and placed in a Ziploc bag. 



Amphibians (3-4 green frogs [Rana clamitans]) were hand collected with nets and traps.  They were rinsed in ambient water, chilled on ice, individually wrapped in tin foil, and placed in Ziploc bags. 

Submerged aquatic vegetation was collected by hand with a net or rake.  Three species were sought, and one gram per species was collected.  The samples were rinsed, chilled on ice, wrapped individually in tin foil and placed in Ziploc bags.  

All biological samples were iced and delivered to the laboratory within 24 hours of collection.

Water samples were hand-collected with a Van Dorn sampler from the deepest part of the lake.  Previous to collection, a water column vertical profile of water temperature, dissolved oxygen, pH and specific conductance was obtained to determine whether the pond was stratified.  Specific conductance, pH, dissolved oxygen and temperature were measured at the surface, at meter intervals, and at the bottom.  Total mercury and methylmercury were not determined for the present study, due to cost constraints.  Four liters of water were collected and split into a 2 liter container and 3 500 ml containers.  The precleaned, plastic containers were chilled on ice and sent by overnight courier service to Severn Trent Laboratories, Inc., (one 2 liter and 1 500 ml container), for analysis.  Two 500 ml containers were sent by overnight courier service to Water Resources Research Center at University of Massachusetts in Amherst, MA.

Sediments were collected by Ponar grab.  Three samples were taken at each pond, one at the location of deepest water, one at a location mid-depth with the potential for sediment deposition, and one at a shallow water location where drainage from wetlands entered the pond.  The grab contents were placed on a clean surface, the litter was scraped off, and pre-cleaned containers were inverted and pressed into the sediment sample.  The samples were shipped on ice by overnight mail to Frontier Geosciences for analysis of total mercury, methylmercury, acid volatile sulfides, oxygen-reduction potential (Eh), pH and total organic carbon.  

Lab Analysis.  Generally, the samples were split, and one half used for chemical analysis while the other half was used to obtain the sample dry weight.  Dry weight was determined by drying a weighed subsample of material overnight at 60 oC. 

Largemouth bass were analyzed following the standard operating procedures described in Rose et al. (1998).  Total length and wet weight were noted.  The fish were filleted and fillets were frozen in precleaned plastic cups.  Yellow perch were homogenized individually in a blender.  Three or four species of forage fish were analyzed.  Large specimens were filleted, and small specimens were homogenized individually. 

Benthic organisms were sorted into major taxonomic groups:  Oligochaetes, Chironomids, other insects, gastropods, and crustaceans.  The organisms were not identified to species level.  Individual organisms were pooled after removal from the shell, where required.  The pooled samples were homogenized, split and frozen to await mercury determination analysis as described in Rose et al. (1999).

One 50 ml. aliquot of plankton was measured into a graduated cylinder and digested for mercury analysis.  A duplicate aliquot was used to determine the dry weight measurement. 


Frogs were humanely sacrificed, and their length and weight were measured.  They were homogenized individually, and frozen in plastic cups to await mercury analysis. 


Aquatic vegetation was rinsed in ambient water before wet weights were obtained.  Like species were pooled, placed in plastic cups and frozen.

Bioaccumulation Factors.  The organisms in the study were categorized into groups corresponding to trophic levels (Appendix 1).  Mean mercury content for each trophic level was determined.  Bioaccumulation factors between trophic levels were determined by dividing mercury concentration of each trophic level by its concentration in the next lower trophic level, e.g., (concentration in predator/concentration in prey).

Adjacent Wetlands and Watershed Size.  The areas supporting wetland communities adjacent to the ponds, and the area of the watersheds, were determined using Geographic Information Systems Dataviewer and Arcview software.  

Water Quality and Sediment Correlations.  Correlations of water quality parameters and sediment quality parameters were calculated across ponds (N=6) using Statistica software. 

III.    Results



Data Considerations.  Many studies, including our previous studies, have shown significant correlation between mercury content in fish and fish size (e.g. McMurty et al., 1989; Wiener et al. 1990).  When such relationships exist, they can obscure differences due to other variables and should be addressed.  To determine whether size correlated with mercury in largemouth bass in the present study, bivariate plots of individual largemouth bass mercury concentrations versus fish length were examined.  Stevens Pond largemouth bass mercury concentrations were highly correlated with fish size (r =0.81).  In Pomps Pond, however, no such correlation existed (r = 0-.17).  This disparity occurred, at least in part, because in the spring of 2001, before fish collection, a fish kill occurred at Pomps Pond.   This natural event eliminated most of the adult largemouth bass and other large fish and prevented a direct, contemporaneous comparison of mercury in bass between the ponds, because bass of comparable size were not obtainable.  All of the largemouth bass collected in 2001 were young of the year, and approximately equal in length.  Therefore, when plotting fish length versus mercury content for these fish, no slope was obtained.  Adjusting data to a common size affects subsequent results and interpretations when regression slopes differ (Somers and Jackson, 1993).  



For Stevens Pond largemouth bass, a linear regression analysis was performed with mercury as the dependent variable and length as the independent variable.  The resultant regression equation was used to predict the mercury content of a standard-sized largemouth bass (33.8 cm., determined from previous studies).  Largemouth bass were collected in Pomps Pond for a study conducted in 2000.  At that time, nine largemouth bass were collected that ranged in size from 27 cm. – 53 cm.  Mercury concentrations correlated with length (r=0.82).  Since comparable sized bass were available from the 2000 study (MA DEP, 2002), we present these data for comparison with the new mercury in bass data from Stevens Pond.  We acknowledge that interannual variation may skew the results.  Interannual variation of mercury in largemouth bass between 2000 and 2001 at Stevens Pond was .12  (the standard deviation associated with the mean mercury of 0.52 mg/kg hg in largemouth bass for each of the two years).  We make the assumption that mercury in Pomps Pond largemouth bass standardized to a 33.8 cm fish would have varied comparably had not there been a fish kill in Pomps Pond in the spring of 2001. 

Table 2.  Water Quality from 2001 Sampling in Stevens and Pomps Pond

	Parameter
	Stevens Pond
	Difference Surface to Bottom
	Pomps Pond
	Difference Surface to Bottom

	Mean Specific Conductance, μmhos/cm
	  0.216 
	-0.022
	   0 .272 
	+0.015

	Mean pH


	  8.7
	-0.9
	  6.7
	-0.4

	Mean Dissolved Oxygen, mg/l 

                                                                                                              
	  6.4 
	-1.4
	  3.9 
	-2.5

	Mean Temperature, oC
	27.6 
	-3.6
	25.1 
	-11.3


Pomps Pond was relatively more thermally stratified than Stevens Pond.  Dissolved oxygen at the sediment surface in Pomps Pond was only 2.3 mg/l.  At Stevens Pond, dissolved oxygen at the sediment surface was 5.42 mg/l.

None of the sediment or water measurements correlated with sediment methylmercury concentrations, nor was methylmercury correlated with total sediment mercury.  Sediment total organic carbon correlated with mean water temperature (r=0.92).  Dissolved oxygen correlated with mean water pH (r=0.91).

Trophic Groups.  The trophic groups sampled consisted of primary producers (plankton, water plants), primary consumers (mayflies, tadpoles, dragonflies, damselflies, waterbugs), secondary consumers (planktivorous fish, frogs, snails, minnows) and tertiary consumers (carnivorous fish).  Appendix 1 presents tissue mercury levels in the pond biota, mean levels for each group, and means for each trophic group.  

Total mercury concentrations in each of the trophic levels of Stevens Pond and Pomps Pond generally increase up the food chain (Figure 1A).  Mean mercury in the tissues of the plants and plankton that make up the primary producers in Stevens Pond was 0.034 mg/kg.  The primary consumers in Stevens Pond contained a mean mercury level of 0.05 mg/kg.  The secondary consumers contained 0.04 mg/kg mean mercury, while the tertiary consumers contained a mean of 0.17 mg/kg hg.  In Pomps Pond, mean mercury in the primary producers was 0.01 mg/kg; in the primary consumers mean mercury was 0.03 mg/kg.  The secondary consumers contained a mean of 0.11 mg/kg mercury, and the tertiary consumers also contained a mean of 0.11 mg/kg mercury.

   Bioaccumulation of mercury appears not to occur between the lower trophic groups in Stevens Pond.  The bioaccumulation factors associated with the lower trophic groups in Stevens Pond are both less than one.  Bioaccumulation shows a four-fold increase between the secondary consumers and the tertiary consumers in Stevens Pond.  In Pomps Pond, a three- to four-fold increase in mercury bioaccumulation occurs between the lower trophic groups, while mercury appears not to bioaccumulate at the highest trophic level. Mercury bioaccumulation factors between the trophic levels for each pond are shown in Table 4.  

Table 3.  Sediment Chemistry from 2001 Sampling in Stevens and Pomps Pond

	Pond
	         Location
	Total Hg
	MeHg 
	AVS 
	pH
	TOC

	Stevens
	· shallow
	115.0
	1.21
	nd
	6.3
	48000

	
	
	
	
	
	
	

	
	· mid-depth
	273.0
	0.682
	nd
	6.2
	44000

	
	· deep
	280.0
	1.19
	27.4
	6.4
	34000

	
	
	
	
	
	
	

	Pomps
	· shallow
	184.0
	0.059
	nd
	6.3
	61000



	
	· mid-depth
	64.9
	0.150
	30.4
	6.4
	48000

	
	· deep
	248
	0.861
	nd
	6.0
	18000


Hg=mercury in ng/g dry wt.  MeHg=Methylmercury in ng/g dry wt.  AVS=acid volatile sulfides in mg/kg.  TOC=total organic carbon in mg/kg.  nd=not detected.

Table 4.  Mercury Bioaccumulation Factors in Stevens and Pomps Ponds

	Pond
	Primary Producers-

Primary Consumers
	Primary Consumers-

Secondary Consumers
	
	Secondary Consumers-

Tertiary Consumers
	Overall BCF

	Stevens

Pomps
	              .68

              3.0
	                 0.8    

                 3.67                    
	
	                 4.25

                  1.0
	5

11

	
	
	
	
	
	

	
	
	
	
	
	


The relative differences in mercury concentrations in pond sediments are shown in Figure 1B, along with the measurements of sediment pH and total organic carbon.  Some variables are scaled in order to be presented on the same bar graphs as measurements of different magnitudes.  Total and methylmercury sediment concentrations are higher in Stevens Pond than in Pomps Pond sediments.  In Pomps Pond biota, the picture is less clear, probably due to the loss of most large predacious fish in the fish kill in 2001.  Substituting data on mercury in largemouth bass collected for the 2000 study, Pomps Pond fish have higher tissue levels of mercury in largemouth bass (Figure 1A).  However, the level of largemouth bass tissue mercury shown in Figure 1A represents fish that were captured for the 2000 study, and the remaining organisms were collected in 2001. The tertiary consumers trophic group in Pomps Pond has the same amount of mercury as the secondary consumers.  The young-of-the-year largemouth bass collected in 2001 are included with the tertiary consumers trophic group in Figure 1A.

IV.  Discussion

Mercury generally increases up the food chain (Figure 1A), although the trend is sometimes reversed. For example, in Stevens Pond the primary producers are higher in mercury than the primary and secondary consumers.  This difference is not statistically significant (based on a t test), perhaps resulting from inadequate sampling.  The sample sizes in this initial food web study were small.  In Pomps Pond, the tertiary consumers contain the same amounts of mercury as the secondary consumers.  This is likely the result of the fish kill in the spring of 2001, which killed largemouth bass and other adult fish that would ordinarily contribute to higher mercury concentrations in the tertiary consumers category, similar to the mercury levels in largemouth bass collected in 2001.  

In Pomp’s Pond, the fish sampled and categorized as tertiary consumers were small enough to be secondary consumers, i.e., food for larger fish.  Mercury in largemouth bass collected for the 2000 study from Pomps Pond is shown in Figure 1A to allow a comparison between ponds of the top predatory fish.  The largemouth bass and other predatory fish collected in 2001 from Pomps Pond are included with the tertiary consumers in Figure 1A.  Largemouth bass from Stevens Pond are those that were collected in 2001.  

Bioaccumulation factors (Table 4) are generally low.  In Pomps Pond bioaccumulation at the tertiary consumer level is low due to the absence of large predatory fish removed by the fish kill.  The bioaccumulation factor calculated with largemouth bass collected for the 2000 study from Pomps pond is 10.8.  The 2000 data show that bioaccumulation factors in Pomps Pond are higher than those of Stevens Pond at all trophic levels.  The overall BCF in Pomps Pond is higher than the overall BCF in Stevens Pond (Table 4).

In Stevens Pond, bioaccumulation factors associated with primary and secondary consumers are less than 1.  No bioaccumulation is actually occurring at these levels.  Rather, biodiminution (the mass-specific body burden decreases at higher trophic levels) (Chen and Folt, 2000) is occurring.  Bioaccumulation occurs at the tertiary consumer level in Stevens Pond, but the bioaccumulation factor is low (4.25) compared to that found in other studies.

In rural Maryland streams mercury bioaccumulation factors in predatory insects and fish ranged from 105 to 106 (Mason et al, 2000).  These values were determined using mercury levels in water as a base for determining total bioaccumulation, which accounts for the orders of magnitude difference in BAFs between rural Maryland streams and rural Massachusetts ponds.  Insects feeding on periphyton and plant material in Maryland streams had methylmercury concentrations 3-10 times that of plant material.  Trophic transfer rates of that magnitude are comparable to those in Stevens and Pomps ponds.  The range of experimentally determined bioaccumulation factors in freshwater and saltwater organisms is 129 for soft parts of the American lobster to 81,000 in the fathead minnow (Risher and DeWoskin, 1999).  

Sediment pH and total organic carbon concentrations are similar in the two ponds, so they probably do not influence the differential uptake and distribution of mercury in fish observed in the ponds (Figure 1B).  None of the sediment or water measurements correlated with methylmercury, nor was methylmercury correlated with total mercury, as found in the Wisconsin lakes (Watras et al., 1995).  

Stevens Pond sediment contains relatively more total mercury and methylmercury than Pomps Pond sediment.  The range of total mercury in the sediments of both ponds, 65-280 ng/g dry wt., is well within the range of total mercury in sediments obtained from sediment sampling in 24 lakes in Massachusetts (30-425 ng/g dry wt.)  (Rose et al., 1999).  An earlier survey of sediment metals in 100 Massachusetts lakes and ponds reported a mean total mercury concentration of 280 ng/g (Rojko, 1991).  Total mercury analyzed from the surface layer of bulk sediment cores from the Whitehall Reservoir was 300-400 ng/g (Colman et al., 1999).  Whitehall Reservoir is located in the Sudbury River Basin, where mercury contamination from the Nyanza Site was a factor in sediment contamination.  Whitehall Reservoir is upstream from Nyanza.  Mean total mercury from surface sediments from the Niagara Basin of Lake Ontario were 239 ng/g (Jackson, 2001), and ranged from 198-280.   

The literature indicates that methylmercury formation in sediments takes place under reducing conditions when sulfate-reducing bacteria use mercury as a receptor for methyl groups (Baudo et al., 1990).  Therefore, one would expect higher methylmercury in reduced sediments than oxidized sediments for the same inputs of mercury.  Acid volatile sulfides (AVS) were detected in deep-water sediments of Stevens Pond at 27.4 mg/kg.  In Pomps Pond, AVS were detected in mid-depth sediments at 30.4 mg/kg.  The AVS present suggested to us that the measured EH levels were inaccurate.

The water attributes measured suggest that specific conductance, which is comparable between the ponds, probably has little to do with the control of mercury cycling (Figure 1C).  Although Stevens Pond waters are better oxygenated, warmer and more alkaline (Figure 1C), the differences are not statistically significant.

Both ponds are in similar sized watersheds, so it is unlikely that the size of the watershed has influenced mercury in the food web of these ponds (Figure 1D).  Pomps Pond has an order of magnitude more wetlands in the adjacent area, which likely contributes to the production of methylmercury.  

Wiener and Shields (2000) study of the Sudbury River showed that methylmercury is strongly associated with wetlands, and that wetlands are active sites of mercury methylization.  The Sudbury River environments differ from the two ponds studied here in that (among other differences) a source of mercury contamination, the Nyanza site, is present.  In contrast, the only source of mercury to Pomps and Stevens Pond is atmospheric.  Even when the source of mercury is exclusively atmospheric, wetlands appear to play a major role in converting inorganic mercury to methylmercury, making it available to organisms.

V.  Conclusions

Stevens and Pomps ponds share many physical and chemical characteristics.  In both ponds, low levels of mercury bioaccumulation were detected.  In Stevens Pond bioaccumulation was detectable only at the highest trophic level.  Pomps Pond bioaccumulation factors showed a higher level of mercury bioaccumulation.  When compared to literature values, the measured bioaccumulation was low in both ponds.  However, the present study did not account for the transfer of mercury from water.  Rates of trophic transfer between trophic levels in Stevens and Pomps Ponds were similar to literature values.

 Total mercury and methylmercury are present in the sediments of both ponds, yet the levels of sedimentary mercury do not correlate with higher levels of fish tissue mercury or higher bioaccumulation rates.

The greatest measured physical difference between Stevens Pond and Pomps Pond is the area of wetlands adjacent to the ponds.  The existence of the adjacent wetlands at Pomps Pond and the near absence of wetlands at Stevens Ponds suggest that processes taking place in the wetlands may modify the partitioning of mercury in the ponds in such a way as to make it more bioavailable.    Higher bioaccumulation rates in Pomps Pond may be reflective of increased mercury bioavailability due to mercury methylation occurring within large areas of wetlands surrounding the pond.
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Figure 1.  Comparison of Measured Variables at Stevens and Pomps Ponds

Key:  In Figure 1A, mercury (Hg) in largemouth bass (lmb) shows the mean mercury from fish collected in 2001 for Stevens Pond, and fish collected in 2000 for Pomps Pond.  Largemouth bass collected in 2001 from both ponds are included as tertiary consumers.  Figure 1B. Mean sediment mercury in ng/g dry wt., mean TOC (total organic carbon) in mg/kg.  Figure 1C. Mean specific conductance (S.C.) in umhos/cm, mean DO (dissolved oxygen) in mg/l, mean temperature in degrees Celcius.  

Appendix 1.  Table 1.1.  Mercury in Stevens Pond Trophic Groups


Trophic Group    Group   Sample Hg  Conc. (mg/kg)   Group Mean  Trophic Group Mean

Primary
    Plant

0.078

Producers
    Plant

0.075



    Plant

0.071



    Plant

0.074


0.067



    Plant

0.036



    Plant

0.063



    Plant

0.091



    Plant

0.095



    Plant

0.088



    Plant

 ND



Plankton

0.002



Plankton

 ND


0.001



Plankton

 ND










0.052

Primary 
Dragonfly

0.042


Consumers
Dragonfly

0.022


0.031

Dragonfly

0.029

Scorpionbug

0.062


0.062



Damselfly

0.029



Damselfly

0.026


0.0275



Giant Waterbug
0.041



Giant Waterbug
0.059


0.05



Mayfly


0.060


0.06


Tadpole

0.067


0.067












            0.044

Secondary 
Bluegill

0.067

Consumers
Bluegill

0.069


0.071

Bluegill

0.076

Bluegill

0.046

Pumpkinseed

0.084



Crayfish

0.052



Crayfish

0.025


0.029



Crayfish

0.025



Crayfish

0.009



Crayfish

0.036



Snail


0.038



Snail


0.016


0.024



Snail


0.018



Bluegill

0.097



Bluegill

0.070

Redbreast sunfish
0.086


0.086

Trophic Group    Group   Sample Hg  Conc. (mg/kg)   Group Mean  Trophic Group Mean

Secondary
Pumpkinseed

0.038

Consumers
Pumpkinseed

0.036

Pumpkinseed

0.16 



Pumpkinseed

0.110


0.088

Pumpkinseed

0.100

Frog


0.002


0.002

Golden Shiner

.0260


0.026

Killifish

0.018

Killifish

0.026


0.023

Killifish

0.026











0.052 

Tertiary 
White Perch

0.130

Consumers
White Perch

0.250



White Perch

0.130



White Perch

0.170


White Perch

0.170

White Perch

0.180

White Perch

0.086


0.143

White Perch

0.097

White Perch

0.14

White Perch

0.080

White Perch

0.110

White Perch

0.160


White Perch

0.160


Yellow Perch

0.061


0.061



White Crappie

0.069






White Crappie

0.190


0.130



Largemouth Bass
0.360



Largemouth Bass
0.390





Largemouth Bass
0.220



Largemouth Bass
0.470



Largemouth Bass
0.400

Largemouth Bass        1.300


0.427

Largemouth Bass
0.170

Largemouth Bass
0.110

Largemouth Bass
0.230

Largemouth Bass
0.190

Largemouth Bass
0.860



Pickerel 

0.120






Pickerel 

0.200






Pickerel 

0.130






Pickerel 

0.140


0.160






Pickerel 

0.130






Trophic Group    Group   Sample Hg  Conc. (mg/kg)   Group Mean  Trophic Group Mean

Pickerel 

0.150





Pickerel 

0.130






Pickerel 

0.240


Pickerel 

0.180

Brown Bullhead
0.079



Brown Bullhead
0.086


0.070



Brown Bullhead
0.046











0.219


Table 1.2.  Mercury in Pomps Pond Trophic Groups

Trophic Group    Group   Sample Hg  Conc. (mg/kg)   Group Mean  Trophic Group Mean

Primary
 Plant
  

 ND*





Producers
 Plant
  
 
 ND




 Plant
            
 ND




 Plant
 
             ND



 Plant
 
             ND


0.026



 Plant
 
            0 .058



 
Plant


0.098



 Plant


0.054


Plankton  

 ND




Plankton

0.002


0.002



Plankton

0.002











0.019

Primary 
Dragonfly

0.032




Consumers
Dragonfly

0.036

Dragonfly

0.045


0.035



Dragonfly

0.027





Damselfly

0.038

Damselfly

0.025


0.031



Damselfly

0.031

Tadpole  

0.022


0.022

Tadpole

 ND












0.028

Secondary 
Bluegill

0.088



Consumers
Bluegill

0.061



Bluegill

0.110



Bluegill

0.140


0.106


Bluegill

0.150



Bluegill

0.140

Bluegill

0.053


Redbreast Sunfish
0.200




Redbreast sunfish
0.230


0.215

Golden Shiner

0.087




Golden Shiner

0.250


0.168

Tess Darter

00.091



Tess Darter

0.092


0.092

Tess Darter

0.094





Snail


 ND






Snail


 ND


0.004



Snail


0.011



Pumpkinseed

0.110


Trophic Group    Group   Sample Hg  Conc. (mg/kg)   Group Mean  Trophic Group Mean

Pumpkinseed

0.120

Pumpkinseed

0.110

Pumpkinseed

0.14 0

Pumpkinseed

0.310


0.127

Pumpkinseed

0.120

Pumpkinseed

0.079

Pumpkinseed

0.16 

Pumpkinseed

0.062

Pumpkinseed

0.059


Frog


0.032


0.060

Frog


0.088











0.110

Tertiary 
Yellow Perch

0.097



Consumers
Yellow Perch

0.120





Yellow Perch

0.120




Yellow Perch

0.120



Yellow Perch

0.130


0.106



Yellow Perch

0.092



Yellow Perch

0.110



Yellow Perch

0.100



Yellow Perch

0.062







Black Crappie

0.098 


0.098





Brown Bullhead
0.033



Brown Bullhead
0.067


0.056



Brown Bullhead
0.067



White Crappie

0.130



White Crappie

0.079


White Crappie

0.650



White Crappie

0.130


0.211



White Crappie

0.130



White Crappie

0.150

American Eel

 ND




American Eel

0.110


0.055



Largemouth Bass
0.110



Largemouth Bass
0.090



Largemouth Bass
0.066



Largemouth Bass
0.048



Largemouth Bass
0.060


0.070



Largemouth Bass
0.054



Largemouth Bass
0.053



Largemouth Bass
0.079


Largemouth Bass
0.068



Pickerel 

0.180



Pickerel 

0.160

Trophic Group    Group   Sample Hg  Conc. (mg/kg)   Group Mean  Trophic Group Mean

Tertiary
Pickerel 

0.110

Consumers
Pickerel 

0.180

Pickerel

0.098

Pickerel 

0.460

Pickerel 

0.170



Pickerel 

0.180


0.163



Pickerel 

0.068



Pickerel 

0.140



Pickerel 

0.069



Pickerel 

0.160



Pickerel 

0.150











0.124





*ND was treated as zero in the mean calculations.
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