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Abstract

This study utilized ICP Atomic Emission Spectroscopy to assess heavy metal 

content in wetland sediments. Sixteen different sites, grouped into four categories, were 

sampled during the study. Sediment was filtered with a 63 pm nylon sieve, allowed to 

settle, and dried. The dried sediment was then microwave acid bomb digested with 

concentrated nitric acid and diluted for heavy metal analysis by ICP-AE spectroscopy. 

There was a strong correlation between elevated heavy metal levels and occurrence of

past mining among the sites. No correlation was found between elevated heavy metal 

levels and amphibian’s absence of breeding activity. Large relative concentrations of 

arsenic, lead, cadmium, and zinc were found in the mining sites Upper and Middle 

Frohner Meadows and Dog Creek and in the non-mining site Spring Meadow Lake 

(SML). Spring Meadow also exhibited extremely high concentrations of manganese.

Resampling and additional analysis was carried out on SML after preliminary results 

indicated elevated heavy metal levels. The second set of results also indicated elevated 

levels of arsenic, lead, and zinc and extremely high levels of manganese at Spring

Meadow Lake.
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Introduction

It is well known that amphibian populations are declining worldwide (Blaustein 

and Wake, 1990; Houlahan et al., 2000). In the United States alone, nearly one-third of 

the frog and toad populations may be in jeopardy of becoming extinct (Luoma, 1997).

The problem is so severe that in February of 1990 a workshop sponsored by the National 

Research Council examined evidence of declining amphibian populations and speculated

on what caused the decrease and what solutions would minimize them. The research is

of great importance to the biological community because of amphibian’s role as a 

biological indicator. Amphibians are vital components to many ecosystems because they 

are usually the highest fraction of vertebrate biomass (Burton and Likens, 1975). They 

also serve as intermediates in the food chain because they are the consumers of many 

invertebrates as well as the prey of many upper level vertebrates (Blaustein and Wake, 

1990). In fact, W.H. Clements et al. (2000) showed that mayfly populations in the Rocky 

Mountains of Colorado were declining by more than 75% in areas of moderate heavy 

metal contamination. This would directly impact the amphibians in the area that rely 

upon mayflies for food.

Amphibians possess many characteristics that make them ideally suited as 

biological indicators. First of all, their skin is highly permeable to the environment and 

their egg stages are highly vulnerable to chemical pollutants, which may cause 

abnormalities (Blaustein and Wake, 1990). This permeability allows for easy absorption 

of waste materials such as heavy metals, pesticides, and other chemicals. It is believed 

that some of these abnormalities may be lethal (Luoma, 1997). Second, amphibians



spend their entire lives in one central location (Cohen and Stebbins, 1995). This allows 

biologists to study specific regions by looking at specific amphibians that inhabit the 

area. Thirdly, amphibian tadpoles feed on both the substrate and algae, and continuously 

use dissolved oxygen in water for respiration; therefore, their tissues are constantly 

exposed to a variety of chemicals, sediment-bound contaminants, and bioconcentrated 

metals (Freda, 1991; Horne and Dunson, 1995). Considering all these factors, it 

appears well established that amphibians are good indicators of local environmental 

conditions (Blaustein and Wake, 1995). In fact, deMaynadies and Hunter (1999) showed 

that the populations of many different amphibian species are positively correlated with 

the quality and quantity of coarse woody debris, litter depth and moisture, understory 

vegetation density, and overstory canopy closure. As a consequence, scientists are now 

able to estimate general size of amphibian populations by observing environmental 

characteristics. In addition, amphibian population characteristics are also used to 

estimate anthropogenic disturbances inflicted upon wetland ecosystems (Hecnar and 

M’Closkey, 1996).

In Montana, mining began in 1860 with the discovery of gold (USGS, 1963). 

When copper was discovered in 1880, thousands of settlers and miners began to populate 

Montana (USGS, 1963). Around 1950 mining was at its peak in Montana with over one 

thousand individual mines operating within the state. A majority of these mines were 

located near water sources such as streams and wetlands. This was important to the 

miners because placer mining techniques involved use of water. However, mining’s 

popularity dwindled as more and more metals were extracted and many mines were 

abandoned and became inactive sites (USGS, 1963). Some of the heavy metal
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contaminates that are still present in wetland areas include: lead (Pb), zinc (Zn), cadmium

(Cd), mercury (Hg), silver (Ag), copper (Cu), arsenic (As), manganese (Mn),

molybdenum (Mo), and antimony (Sb) (Horowitz et al., 1993). The toxicity to the 

Columbia Spotted Frog (Rana luteiventris) was found to be higher when low doses of

mixed heavy metals (i.e. lead, cadmium, and zinc) were compared to low doses of a 

single heavy metal (Lefcort et al., 1998).

It would follow logically that in some locations in Montana, amphibian 

population declines are partially due to the fact that much of their current and potential 

habitats are contaminated with heavy metals. It has been recently demonstrated that 

amphibian survivorship is greatly reduced if there is mining effluent present (Meis, 1999, 

Witcher, 2000).

This study used Inductively Coupled Plasma Atomic Emission Spectroscopy 

(ICP-AES) to measure heavy metal levels at sixteen sites in sediment both exposed and 

not exposed to mining. The ICP-AES uses known standards of specific heavy metal 

concentrations to obtain highly accurate concentrations (i.e. ppm and ppb) of those metals 

for unknown samples. The sites were also designated either positive for amphibian 

breeding presence or negative for amphibian breeding presence.

I hypothesized that I would observe higher heavy metal concentrations in areas 

that don’t support amphibian breeding. I also hypothesized that I would observe higher 

concentrations of heavy metals in areas that mining is known to have occured. Thus, a 

general idea of specific heavy metal concentrations will be obtained for sites both 

exposed to mining and those not exposed to mining. This will in turn lead to a better
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understanding of what specific ranges of metal concentration might be fatal to amphibian 

populations.
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Materials and Methods

Site Selection -This study incorporated sixteen different sites ranging in size from 

small streams (approximately 30 meters in length) to large reservoirs (approximately 2.5 

kilometers in circumference) from which sediment was obtained. The sixteen different

sites were put into four different categories as shown in Tables 1-4. Each category

contained four sites. Sites were labeled either positive or negative for both mine presence 

and amphibian breeding by consultation with Dr. Grant Hokit, a herpetologist and 

ecologist at Carroll College. Sites were designated positive for amphibian breeding if 

they had shown recurring populations of breeding amphibians. Sites were designated 

negative for amphibian breeding if there was no breeding activity present in the area. If 

the sites were geographically located in an area that was immediately adjacent to and 

down slope from a previously mined area, it was characterized as positive for mining 

presence. Sites located in areas not affected by mining were labeled negative for mining 

presence. Figure 1 shows the general locations of the sites. Figures 2-8 illustrate specific

locations for the sites.

Sample Design and Collection- Mapping was done by walking around the 

circumference of each site. Using a random starting point, ten equally spaced samples of 

sediment from the wetland perimeter were collected at arms length from shore. All ten 

samples at each site were combined in a polyethylene jug and homogenized to create a 

single composite.

The sediment was obtained by scooping it into a modified polypropylene buchner 

funnel using a nylon spoon. The sediment was obtained by taking one to two spoonfuls 

of surface sediment at a water depth of 0.2 to 0.5 meters. The bottom of the funnel was
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modified by cutting around the outer edge of the original perforated plate. A 63 pm

nylon sieve was put in place of the original bottom. Once inside the funnel, the soil was

stirred with a polypropylene picnic spoon while water from the site was added. Two to

three area samples were filtered at the same time for approximately ten to fifteen minutes 

until the ten samples were obtained from each site.

Laboratory Analysis -The sediment/water composites were maintained at 8° C 

in the one-gallon jugs and were allowed to settle for a minimum of five days. Water was

then decanted down to a level of approximately two centimeters above the sediment. The 

jugs were then agitated in order to resuspend the sediment, the matrix was transferred to 

acid washed 1000 ml beakers. The beakers were then placed back in the cooling unit and 

allowed to settle for a minimum of two days. The water was then poured off of the 

sediment and the sediment was transferred to a polyethylene weigh boat using a 

polypropylene spoon. The samples were then placed in a drying oven and dried at 70° C 

for two to three days. Once the samples were dry they were ground into finer particles 

using acid washed mortars and pestles. The dried samples were then stored in covered 

weigh boats.

The dried samples were digested using a Parr Microwave Acid Digestion Bomb, 

model 4782. The basic protocol for the digestion followed EPA’s Method 3051,

Revision 0, September 1994 for Microwave Assisted Acid Digestion of Sediments, 

Sludges, Soils, and Oils. The protocol used 0.5 grams of sediment and 20 ml of 

concentrated trace metals grade nitric acid. The samples were placed in the bomb and 

digested in a 1000 W kitchen microwave for exactly one minute or until one thousand psi 

was reached by noting the pressure screw indicator. The samples were then allowed to
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cool down for a minimum of thirty minutes. The digested material was then filtered

through W. & R. Balston, Ltd. No. 41 ashless filter paper into acid washed 100 ml 

volumetric flasks. The digestion bomb and digested material were washed into the 

volumetric flask with 1 % trace metal grade nitric acid to ensure complete transfer until a

total of 100 ml was obtained. Dilutions were made by taking a 10 ml aliquot of the stock 

sample and diluting it to 100 ml in an acid washed volumetric flask.

Inductively Coupled Plasma Atomic Emission (ICP-AE) Analysis-A

preliminary analysis of the samples was performed using a stock 1.0 ppm multi-element 

standard. Using the preliminary results as a guide, a sediment-specific standard was 

created that contained 0.10 ppm Cd, Cr, and Zn; 1.0 ppm As, Mn, Cu, K, Mg, and Pb;

and 10 ppm Fe and Ca. Potassium, calcium, and magnesium were included in the 

standard even though they weren’t target analytes because they were present in the 

samples and could influence the emission spectra of the other analytes. Even though 

ICP-AE is known to exhibit a linear response with concentrations over many orders of 

magnitude for the target analytes, the standards were made such that the levels of target 

metals in the standard were in the same range as those in the diluted samples of the most 

heavily contaminated sites. The ICP was programmed to view the plasma radially and to 

analyze for each of the target metals in a sample sequentially. The instrument then 

repeated the sequential analysis five times. Using the initial sample weights, dilution 

factors and the mean of the five measurements for each element, the instrument then 

calculated the final concentrations for each element in the sediment samples. The 

numeric results are shown in Table 2. Results illustrated graphically appear in Figures 9-

16.
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Resampling and Reanalysis of Spring Meadow Lake-Spring Meadow Lake

was resampled after preliminary results indicated elevated metal levels, which was

entirely unanticipated. The protocol for sampling and analysis was identical to the one 

outlined previously. The only difference was that the ten specific sites sampled around 

the lake were not identical to those sampled earlier in the study. However, the ten sites 

were spaced equally around the lake.

Table 1: Type A Sites and Locations

Site Name
Mining

Presence
Amphibian
Breeding

Township
Range

coordinates

Nearest 
Mine to site

Location 
letter for 
Figure 1

Dog Creek + + T11NR6WS16 Dago Gulch 
Mine

A

Upper Lump 
Gulch

+ + T8NR5WS23 Ida May 
Mine

B

Mid Frohner 
Meadows

+ + T8NR5WS14 Frohner
Mine

C

Tizer Lakes + + T7NR2WS32 Ballard
Mine

D

Table 2: Type B Sites and Locations

Site Name
Mining

Presence
Amphibian
Breeding

Township
Range

coordinates

Nearest 
Mine to site

Location 
letter for 
Figure 1

Forest Lake - + T8NR5WS12 Not
applicable

E

Gipsy Lake - + T9NR4ES34 Not
applicable

F

Little
Blackfoot
Meadows

- + T7NR7WS2 Not
applicable

G

Chessman
Marsh

- + T8NR5WS2 Not
applicable

H
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Table 3: Type C Sites and Locations

Site Name
Mining

Presence
Amphibian
Breeding

Township
Range

coordinates

Nearest 
Mine to site

Location 
letter for 
Figure 1

Upper Frohner 
Meadows

+ - T8NR5WS14 Frohner
Mine

I

Little Flume 
Gulch

+ - T9NR6WS34 Third Term 
Mine

J

Silver Creek + - T12NR5WS33 Belmont & 
Shannon

K

Chessman
Reservoir

+ - T8NR5WS2 Banner 
Creek Mine

L

Table 4: Type D Sites and Locations

Site Name
Mining

Presence
Amphibian
Breeding

Township
Range

coordinates

Nearest 
Mine to site

Location 
letter for 
Figure 1

Spring
Meadow Lake

- - T10NR4WS13 Not
applicable

M

Hidden Lake - - T8NR4ES16 Not
applicable

N

Grace Lake - - T8NR4ES16 Not
applicable

0

Willow Creek - - T13NR2WS5 Not
applicable

P

9





Figure 1: General Locations of Sample Sites
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Figure 2: Specific Site Location Map for Forest Lake, Frohner Meadows,

From Helena National Forest Map

11





Figure 3: Specific Site Location Map for Gipsy Lake, Hidden Lake, and Grace 
Lake

From Helena National Forest Map
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Figure 4: Specific Site Location Map Little Flume Gulch and Little Blackfoot 
Meadows
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Figure 5: Specific Site Location Map for Silver Creek and Dog Creek
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Results

My results show a significant correlation between mining sites and heavy metal 

levels. The mean levels of heavy metal levels are higher in sites that had past mining 

performed in the area. The Friedman ANOVA Test gave a p-value of 0.0339 indicating a 

strong significant correlation.

One can see elevated levels of arsenic in the Frohner sites and the two Spring

Meadow Lake sites. These same sites exhibit elevated levels of lead and zinc.

Manganese is extremely elevated in the two Spring Meadow sites. Dog Creek 

demonstrated high levels of cadmium, lead, zinc, and copper. Chromium was not 

elevated in any one site. Other than the Frohner and Chessman sites, iron levels were

relatively consistent. Elevated copper levels showed up in the Frohner and Chessman 

sites as well as the Dog Creek and Upper Lump Gulch sites.

No correlation was observed between mining sites and amphibian breeding 

activity. The p-value was 0.1573, which was not significant.
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Table 5: Heavy Metal Levels (ppm) of the Sixteen Different Sites

Site Name As Cd Cr Pb Zn Mn Fe Cu
Dog Creek 200 20 16 2200 3100 790 17000 890
Upper Lump 
Gulch

49 5 8.3 120 280 350 9100 74

Middle Frohner 
Meadows

5600 160 29 13000 16000 1000 41000 600

Tizer Lakes 42 3.6 25 69 80 100 7200 42
Forest Lake 31 3.7 10 32 92 140 11000 42
Gipsy Lake 19 3.2 16 29 290 120 11000 25
Little Blackfoot 
Meadows

33 2.8 6.2 31 85 160 5400 29

Chessman Marsh 57 10 14 73 350 480 30000 1400
Upper Frohner 
Meadows

4400 69 11 6700 7100 640 21000 750

Little Flume
Gulch

58 4.9 10 39 190 190 9400 72

Silver Creek 41 5.4 16 170 310 620 13000 130
Chessman
Reservoir

86 6.6 14 67 270 330 22000 1100

Spring Meadow 
Lake#l

2000 10 14 1500 1300 19000 17000 130

Hidden Lake 53 5.5 16 87 150 760 18000 48
Grace Lake 40 4 10 80 85 280 7500 190
Willow Creek 30 3.5 14 20 76 120 11000 26
Spring Meadow 
Lake #2

600 13 9.3 520 600 8600 9500 76

Type A Sites (+mining,+amp); Type B Sites (-mining,+amp); Type C Sites (+mining,- 
amph); Type D Sites (-mining,-amp)
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Figure 9: Relative arsenic levels
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Figure 10: Relative cadmium levels
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Figure 11: Relative chromium levels

Figure 12: Relative lead levels
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Figure 13: Relative zinc levels

Figure 14: Relative manganese levels

22



Figure 15: Relative iron levels
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Figure 16: Relative copper levels
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Table 6: Friedman ANOVA Statistical Results

Comparison of means p-value

Mining vs Non-mining 0.0339

Breeding vs Non-breeding 0.1573

Note: The Friedman ANOVA test is a non-parametric test. We used this because we 
could not assume the metals were distributed normally throughout the study sites.
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Discussion

Arsenic-The results of this study were both surprising and expected. The Frohner 

Meadows are highly contaminated with mine tailings and it has been shown that 

amphibians raised on sediment taken from the meadows exhibited decreased survivorship 

(Tverdy, 2001). Therefore, the high levels of arsenic observed for the Frohner Meadows 

were not surprising. In fact there is currently a settling pond located at the Frohner 

Meadows site. This was constructed to help slow down or stop the wetland 

contamination by run off from old mines. Spring Meadow Lake (SML) also exhibited 

high levels of arsenic. This is of extreme importance because of SML’s recreational 

activity. SML is a Montana State Park and is visited by thousands of people each 

summer. Children of all ages use the lake’s beaches to play and swim. It has been 

suggested that low levels of arsenic concentrations in drinking water may increase the 

risk of bladder cancer (Kurttio et al., 1999). Arsenic is found naturally in concentrations 

of 1-40 ppm in soils and the permissible levels are around 30 ppm (Providence Business 

News, 2001). The fact that I found approximately 2000 ppm of arsenic in SML 

potentially qualifies the area as hazardous. It is also noteworthy that Spring Meadow 

Lake #2’s arsenic level is about one-third the level of Spring Meadow Lake #1. This 

observation is consistent in the other results as well. This can be explained in the fact 

that the digestions that were performed for the second SML site were done at the end of 

the study. By this time, the microwave bombs were somewhat corroded and the integrity 

of the O-ring seal was lowered. As a result, I observed the bombs leaking vaporous NO2 

during the digestion process. Therefore, the digestions that were used to extract the 

metals out of the second SML site may have not been as concentrated as those done
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earlier in the study. Therefore, it follows logically that the levels observed would be 

lower than previously observed. It is also possible that the levels were lower because of 

the time of year in which I sampled the site. I first sampled SML in June but didn’t

resample it until October. Whatever the cause for lower results the second time around, it

must be noted that SML exhibited elevated levels in both analyzes.

Lead-The elevated lead in the mining sites was expected. However, the elevated levels

of lead in SML are quite disturbing. Lead is generally immobile in soil; therefore, it 

acculates in the top layer of soil (Davidson and Rabinowitz, 1992). This is a possible 

explanation as to why high concentrations of lead were found because the sampling only 

involved top layer soil. However, it also means that humans will have a greater risk of 

lead exposure. It is widely accepted that infants put virtually everything in their mouths 

during early stages of development (Berger, 2001). Additionally, it is known that 

children absorb lead more readily into their gastrointestinal tracts than adults, and the 

developing nervous system is very susceptible to the effects of lead (WHO, 1995). It is 

understood that some of the lead in SML may be in a biologically unavailable form,

however, the overall levels are still high and need further investigation. Under the new 

EPA standards enacted in 2001, lead is defined as a hazard by: equal or greater than 400 

ppm of lead in bare soil in children's play areas or 1,200 ppm average in bare soil in parts 

of a yard that are not play areas (Public Health Reports, 2000). Granted these standards 

are for soil, however the sediment on the shore of SML is definitely an area used for play

by children. Because I found 1500 ppm lead in SML, SML is hazardous to humans 

(under the new EPA standards) and may need to be shutdown until further studies can be 

performed.
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Manganese-The concentrations of manganese observed at SML were equivalent to 

approximately 19000 mg Mn/kg soil. This is well above 330 mg Mn/kg soil, the average 

content of Mn in soil (Saric, 1986). This suggests that SML is extremely contaminated 

with manganese. Studies have shown that a bradykinetic-hypertonic syndrome 

superficially similar to Parkinson's disease develops following long-term, high-dose 

exposure to manganese (Shinotoh et al., 1997). Excessive exposure to manganese causes 

neurologic lesions primarily in the output pathways downstream of the dopaminergic 

projection, which is hypothesized to be the cause of the bradykinetic-hypertonic 

syndrome (Shinotoh et al., 1997). There is also limited evidence that links respiratory 

sickness to point sources for manganese (WHO, 1987). Because the manganese 

concentrations were extremely high in SML it suggests that it may have come from some 

kind of pollution. Some possible sources of manganese are dry-cell batteries, 

supplemental trace element in animal feed, ceramics, fungicides, and fuel oil additives 

(CRC Press, 1997). Further studies that involve specific areas of the lake may lead us to 

the source of manganese contamination.

Zinc-The elevated levels of zinc in the Frohner sites and the Dog Creek site were 

expected because of their close proximity to mines. However, SML also showed 

surprisingly high levels of zinc. The concentrations of zinc in SML were equivalent to 

1300 mg Zn/kg soil, which is well above the average amount of 50 mg Zn/kg soil 

(Barceloux, 1999). It has been shown that zinc can be toxic by either inhalation or 

ingestion (Hanston, 2001). Zinc poisoning has also been linked with severe chronic 

cholestatic liver disease in children (Phillips, 1996). This is further evidence that SML
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may need to be closed to the public until further studies can be carried out or clean up 

efforts can be implemented.

Cadmium-The Frohner Meadow sites were the only sites that exhibited elevated levels 

of cadmium. This was expected because of the meadow’s extensive metal pollution. All 

of the other sites in the study exhibited low levels of cadmium. Cadmium becomes toxic 

only at high levels and the human body utilizes the protein, metallothionein to neutralize 

low levels of cadmium (Spiro and Stigliani, 1990), therefore the levels of cadmium 

observed in the non-mining sites are probably not hazardous to humans.

Iron-The iron concentrations observed in the study were higher than any other metal 

(refer to Figure 7 and Table 2). However, because the human body contains about 5 g of 

iron at any one time, it is difficult to reach toxic iron levels (Spiro and Stigliani, 1990), 

therefore the high levels of iron in the different sites should not be of concern. It was 

surprising that I did not observe elevated iron levels in sites that exhibited high levels of

other metals. Iron oxides are abundant in soils therefore one would think that iron would

be elevated if some of the other metals were elevated.

Chromium-The chromium levels observed in this study were all well below the mean 

United States soil content of 37 mg Cr/kg soil (Barceloux, 1999). The highest 

concentration obseverved occurred in middle Frohner Meadows and was only 29 mg 

Cr/kg soil. Therefore, it can be concluded that levels of chromium around central 

Montana are lower than the national average.

Copper-Copper levels were around the national average of 50 ppm (Barceloux, 1999) in 

all sites with the exceptions of the Frohner sites, Chessman sites, and the Dog Creek site. 

The elevated levels of copper in the mining sites were expected. However both the
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Chessman sites exhibited high levels. Chessman reservoir drains the Banner Creek

mining area while the marsh receives its drainage from a different source. It is possible 

that copper contamination may be coming from the drainage into the marsh. If it was

only coming from the Banner Creek area then I should not have seen contamination in 

the marsh considering the marsh is higher in elevation than the reservoir. Chessman 

reservoir is used as a drinking water source for Helena, therefore further investigation 

into the source of copper contamination may be warranted.

Acid Mine Drainage-There are numerous reasons why mining sites exhibited high heavy 

metal concentrations in the sediment. One reason is acid mine drainage. Acid mine 

drainage is a result of numerous chemical reactions influenced by environmental 

conditions (Baird, 1998). Iron pyrite, FeS2, is a stable, insoluble component of 

underground rocks as long as it does not come in contact with air and water(Baird, 1998). 

During the mining process, deep mineralized rock containing pyrite and other metal 

sulfides is exposed to air setting off a chain of chemical reactions resulting in the 

production of acid.

4 FeS2 + 15 O2 + 2H2O 4Fe2+ + 8SO42‘ + 4H+

As one can see from the above equation, protons are a product of the reaction and will 

subsequently increase the acidity of the environment. This increased acidity makes 

heavy metals more soluble by increasing the competition between metal and hydrogen 

ions for binding sites and by dissolving metal-carbonate complexes thereby releasing the 

metals to the surrounding environment (Connell and Miller, 1984).

Another reason why metals appear more concentrated in mining areas has to do 

with natural erosion and leaching of mine waste dumps and sediment ponds. During the
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mining and milling process, large amounts of unexposed rock are exposed to erosion 

conditions that will result in increased distribution of heavy metals.

Amphibian Breeding-The Friedman ANOVA Test did not show a significant difference 

in positive versus negative amphibian breeding sites and heavy metal levels. This 

indicates that amphibians may not select breeding sites based on heavy metal 

concentrations in the area. There are also a number of reasons why I did not see a direct 

correlation between these two variables. The first reason has to do with the design of the 

study. In this study, a site was given a positive designation for amphibian breeding 

activity if any tadpoles or eggs had been observed at the site in previous years and a 

negative if no observations were made. This simplistic approach, although it made the 

study more practical, did not take into account the amphibians that attempted to breed but 

were unsuccessful. Future studies may assess the relationship between mining activities 

and successful recruitment of amphibians, not just breeding activity.

The fact that amphibian populations are affected by a number of variables also

may have influenced the results. For instance, environmental conditions, such as 

prolonged dry weather may reduce adult population sizes either directly or indirectly by 

limiting recruitment of new individuals (Bartoletti, 2000). Therefore, breeding activity 

may be suppressed in an area where it would normally occur because of climatic 

conditions like dry weather. Also, many amphibian species depend upon dispersal 

corridors to maintain connections between habitats (Fahrig and Merriam, 1985). Habitat 

fragmentation is also a barrier to the dispersal of many amphibian species (Wyman,

1991). This means that some sites may not have been accessible to amphibians in the 

first place. This idea is reinforced further by the 1988 study by Fahrig and Paloheimo
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that showed that characteristics of connections among amphibian sub populations 

influence the temporal variation in abundance, and overall resilience of a species. Again, 

amphibian populations and subsequent breeding activity are definitely influenced by

connectedness of habitat.

Taking all things into consideration, my study did verify the importance of heavy 

metal contamination in wetland sediment by demonstrating increased levels of heavy 

metals in sites affected by mining. Although no correlations were observed between 

amphibian breeding activity and heavy metal levels, important factors involved in 

breeding site selection were identified and discussed.
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