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Abstract

Mining is a great source of economic wealth in the state of Montana, and 

consequently, there are numerous mining sites. Along with the economic wealth, 

mining also brings an ecological concern. The purpose of this study was to 

determine whether amphibians select breeding sites where their larvae will have the 

best chance for survival. I tested for the association of pH, turbidity, and 

conductivity with the selection of breeding sites and the survivorship of the larvae. I 

determined that effluent from mine tailings caused a significant change in water 

chemistry. I also assessed water quality using macro-invertebrate numbers, which 

supported the finding of significant water quality differences between the mining 

effluent and non-effluent area. Water quality appeared to affect the survivorship of 

amphibian larvae. Survivorship was lower in sites influenced by mining effluent. 

However, the adult amphibians did not discriminate among ponds when laying their 

eggs. Therefore, if mining effluent is allowed to seep into a water source, it could be 

a danger to the amphibian population in the area. Because amphibians are often 

used as a biological indicator species, monitoring their population fluctuations is an 

important feature when dealing with mines and land management.
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Introduction

There is a delicate balance that must be maintained in the management of 

National Forest Land. Private land owned by mining and logging companies often 

surround such forests. These industries, especially mineral mining, provide Montana and 

the nation with economic wealth. Unfortunately mining is also a major cause of land 

disturbance. This disturbance can result in a severe disruption of the surrounding 

ecosystems. Therefore, many research programs have examined the effects of land 

disturbing activities. Previous and ongoing research focuses on comparing the effects of 

natural events and human activities on ecosystems (Water 1990).

Mining began in Jefferson County, Montana in 1864 with extraction of silver, 

lead, and gold (USGS 1963). Few regulations existed then for the maintenance and 

preservation of the land. Consequently, processing wastes were heaped in piles and 

subject to erosion. This eroded waste would then contaminate surrounding water systems 

contributing to the biological crisis in the surrounding area.

As agriculture became more valuable than Montana’s mineral wealth, many 

mines were abandoned and became inactive sites (USGS 1963). Currently, Montana has 

many regulations governing mining and land use. In 1971, President Nixon proposed to 

Congress that environmental quality standards be implemented to “prevent environmental 

degradation from mining”(McClellan 1971). With these regulations and the Water 

Quality Act of 1965, uncontrolled exploitation of lands, causing irreparable damage to 

ecosystems and water systems, was no longer permitted. However, these sites continue to 

contribute to the pollution the water systems because these mines were not subject to the 

laws imposed on mining companies of today.
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Amphibians are important components of a thriving ecosystem because they serve 

as an energy transfer between the abundant invertebrate population and vertebrate 

predators farther up the food chain (Stebbins and Cohen 1997). The amphibian life cycle 

is dependent on water and land systems, making them more sensitive to environmental 

damage, cold, and drought. Since amphibians are so dependent on their environment, 

they often display a natural fragmentation of ranges which make them especially 

susceptible to population losses and re-colonization rare (Stebbins and Cohen 1997). This 

sensitivity explains why amphibians are used as indicators of environmental health, 

especially water quality (Heyer et al. 1994). Many characteristics of amphibians enable 

them to be good bio-indicators (Stebbins and Cohen 1997). The amphibian skin surfaces 

are especially permeable to various liquids and gases, making them more susceptible to 

absorbing contaminants in the water. An accumulation of pollutants can occur through 

absorption or foraging on contaminated plant material leading to a “biomagnification”

effect in the food web. These contaminants can also accumulate in the fat stores of

amphibians and be metabolized and released during times of energy expenditure such as 

breeding and metamorphosis. Metamorphosis, an especially vulnerable time for 

amphibians, can be greatly impeded by chemicals that can mimic hormone regulators.

For these reasons amphibian populations may decline when under environmental stress.

A decline in amphibian populations can have a detrimental effect on an ecosystem 

by shifting patterns of predation (Stebbins and Cohen 1997). An increase in insects and 

invertebrates, such as mosquitoes, could occur. Opportunistic species could thrive and 

overtake an ecosystem causing environmental stress. A decrease in tadpole populations 

may result in algal overgrowth that would deplete the water oxygen supply. This lack of
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oxygen could lead to severe and unpredictable changes in the ecosystem (Stebbins and 

Cohen 1997).

In this study, I observed the effects of mining on the surrounding water 

systems and amphibian populations. I evaluated the water quality in two ways. First, I 

sampled the water chemistry for each pond measuring pH, conductivity, and turbidity. 

Second, I sampled for macro-invertebrates and measured family diversity and numbers. 

Macro-invertebrates are often used as a biological indicator of water pollution 

(Rosenburg and Resh 1993, Karr and Chu 1997). I then compared this water quality data 

to amphibian breeding patterns and survivorship of larvae.

*
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Methods

Study Site< ....The study site for this project is located 30 miles from Helena, MT in an area 

known as Frohner Meadows in the Helena National Forest, Jefferson County. This 

meadow is a drainage for the surrounding hills and has several temporary and permanent 

ponds, ideal for amphibian breeding (i.e., 1-2 m deep, no fish). There is a small stream 

that flows through old mine tailings splitting the meadow into upstream and downstream 

portions (Figure 1). Hypothetically those ponds below the stream have a lower water 

quality than those ponds above the stream because of the different contaminants the mine 

tailings introduce into the water. Sites were visited twice: once early in the summer (26 

May-1 June 1998) and again later in the summer (17 July-20 July 1998). Ponds with 

Rana luteventris breeding activity (any ponds with tadpoles or egg masses) were noted 

along with relative numbers of tadpoles and eggs.

Water Quality

The water quality of the ponds above and below the contamination site was 

determined through water chemistry data and macro-invertebrate data. The three water 

chemistry properties measured were pH, conductivity, and turbidity. The pH and 

conductivity of all the ponds were measured with an Oyster pH-Conductivity-TDS- 

Temperature meter. Water samples were collected and analyzed with a

spectrophotometer at 450 nm, ideal photosynthetic wavelength, to correlate the light 

intensity with the turbidity using the following formula:

E = 2.30 log(100/T)/d

4



In the above formula the extinction coefficient (E), a common measurement of turbidity, 

is the amount of light absorbed per unit depth of water (d). The percent transmittance (T) 

is the amount of light that is allowed to pass through the sample and is compared to 

distilled water that is calibrated to 100% transmittance (Brower 1977). The greater the

extinction coefficient the more turbid the water.

During the first sampling days, macro-invertebrate samples were taken from 

ponds above and below the contamination site. Each pond was divided into northwest, 

southwest, southeast, and northeast quadrants. A random point was selected in each 

quadrant, and one dip net sample, approximately 1 m long, was taken per quadrant. All 

macro-invertebrates sampled were placed in ethanol for preservation. For each pond, all 

macro-invertebrate samples were identified to the family level and the total was counted.

Survivorship Experiment

To compare the probability of survival in relation to the position of the pond, 

either upstream or downstream from the contamination site, tadpoles of Bufo boreas were 

observed at both sites. A total of 240 Bufo boreas tadpoles was collected from one pond 

above the contaminated stream. Six enclosures were made (61 cm x 30 cm x 46 cm) from 

a wood frame and surrounded with nylon netting. Three enclosures were placed in a pond 

below the mine effluent site, and 30 tadpoles were put in each. A comparable pond with 

similar dimensions and vegetation was chosen above the effluent site, and again three

* enclosures were installed with 30 tadpoles in each. In all enclosures, vegetation from the

respective pond was provided and all predators were removed. These ponds were close 

enough to be exposed to the same temperature and weather fluctuations.
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Statistical Analysis
t

Average pH, conductivity, and turbidity for effluent and non-effluent ponds, both 

early and late in the summer, were calculated with standard errors. I tested for position 

and time effects on the water chemistry by using a Wilks’ Lambda Multivariate Analysis 

of Variance Test (MANOVA). The response variables pH, conductivity, and turbidity 

were log transformed to correct for problems of normality.

The average number of families and average abundance of macroinvertebrates 

was calculated for each pond again with standard errors. A MANOVA test was also done 

on the macro-invertebrate data. I tested for the position effect using family diversity and 

total number (abundance) of macro-invertebrate as response variables. I then used a 

Pearson Correlation Matrix to determine the association between the water chemistry 

response variables and macro-invertebrate response variables.

A Wilks’ Lambda MANOVA test was also used to assess the effect of water

chemistry on breeding site selection.

9
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Results

Results of the MANOVA show a significant difference in both the position and
t

time effects (Table 1, Fig. 2). Univariate results for position suggest that conductivity and 

pH are significantly different between non-effluent and the mining effluent sites. Results 

suggest no significant difference in turbidity. The results for the univariate test of time 

show a significant difference in the pH and turbidity, but no significant difference 

appears for conductivity.

The MANOVA testing for the effect of position on the variables of taxa and total 

macro-invertebrates show a significant difference in both (Table 2, Fig. 3). Univariate 

results for taxa and abundance suggest that there is a difference in both diversity and 

average number of macroinvertebrates between the non-effluent and the mining effluent 

sites. This supports the results for the water chemistry analysis showing a significant 

difference in water quality between the affected and non-affected sites.

A Pearson Correlation Matrix was used to associate the response variables of 

water chemistry with the response variables of the macro-invertebrate data (Table 3). The 

pH shows a significant and positive correlation with both taxa and total number of macro

invertebrates. The conductivity shows a significant and negative correlation with taxa and 

total macro-invertebrates. But the turbidity shows no significant correlation with the 

macro-invertebrate response variables.

In the survivorship experiment, about 76% of the tadpoles survived in the non- 

effluent (above) sites, while there was 0% survivorship below the effluent site (Table 4).

The MANOVA testing for the effects of water chemistry on breeding site 

selection suggests that adults do not discriminate between low and high water quality
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sites. The pH, conductivity, and turbidity were not significantly different between 

breeding and non-breeding sites (Table 5).
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Discussion

The Frohner Meadow site is an example of point source pollution, meaning that 

one mine affects one general area. Although other human impacts may affect this area, 

the majority of the pollution in the downstream sites is a result of the land disturbance 

and tailings from this mine. This site provided an opportunity to isolate the effects of 

mining on this particular aquatic habitat.

Water naturally has a buffer system that maintains the pH somewhere between 6.0 

and 7.5 (Gillis 1993). Because of this natural buffer system, a large amount of acid is 

required to drop the pH. Early in the summer the average pH in the downstream site was 

5.75. Although many natural phenomenon can contribute to a drop in pH (i.e. spring run

off), in order for it to drop as much as observed, there must have been a loss of 

neutralizing ability in the water (Gillis, 1993). This lowering of pH, indirectly implicates 

a change in the chemical composition in the downstream sites compared to the upstream

sites.

Conductivity is the amount of current that is conducted through two electrodes 

lcm apart (Brower 1977). The higher the concentration of ions in the water the higher the 

conductivity will be. Conductivity is often used as an index of heavy metal pollution 

(Brower 1977), and I observed a difference between the upstream and downstream sites 

that did not change significantly over time. The conductivity difference between sites 

again indicates a change in the chemical composition of the water.

Turbidity is an optical property of the water that can be affected by dissolved 

chemicals, suspended particles, and density of microbial life (Brower 1977). Since all 

these factors can contribute to turbidity, it is no surprise that there is not a significant
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difference in turbidity between upstream and downstream sites. I hypothesize that the 

significant change in turbidity over time is due to the increase in photosynthesis from the
$

beginning to the middle of the summer.

Even though the water chemical data suggest water quality differences, they do 

not tell us whether or not these differences affect the surrounding biota. Furthermore, 

there could be hidden components in the water that can only be detected through the 

reaction of organisms that are in daily contact with these components. Testing for the 

biological reaction, I included macro-invertebrate data in the water quality analysis. In 

general those ponds with more diversity and abundance have higher water quality (Karr 

1997). As the data show, there was a large impact on the macro-invertebrate population 

downstream in which both diversity and abundance are shown to significantly decrease. 

The Pearson correlation matrix indicates that those ponds that demonstrate a significant 

difference in water chemistry also have a significant difference in the macro-invertebrate 

diversity and abundance. The lower diversity and abundance in the downstream sites 

allows us to conclude that the water quality significantly impacts the study site.

The survivorship experiment also demonstrates the mine effluent impact, since no 

Bufo boreas tadpoles survived the downstream treatment. There could be other 

contributing factors to this extreme reaction. B. boreas is a species very sensitive to 

acidic conditions and usually breeds much later than R. luteventris to avoid the episodic 

acidification due to spring runoff (Gillis 1993). Therefore exposing these tadpoles to an 

acidic environment they usually avoid, contributes to their lack of perseverance.
•>

The number of R. luteventris egg masses was counted in both the non-effluent and 

mining effluent ponds. Although we did not quantify R. luteventris tadpole numbers, I did
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note a general decrease in relative number of tadpoles to the number of egg masses 

present. I only observed a few tadpoles in the downstream site in August. No similar 

decline was observed in the upstream sites. Therefore R. luteventris tadpoles declined in 

number as did the tadpoles in the B. boreas survivorship experiment.

The comparison of breeding site and non-breeding site water chemistry suggests 

that R. luteventris does not discriminate according to water quality when laying eggs.

This undiscriminatory behavior implies that amphibians are particularly susceptible to 

environmental impacts because they will not avoid polluted areas. Therefore, in 

contaminated sites amphibian populations will be severely impacted. Amphibian 

populations are good indicators of environmental quality and can be monitored to assess 

ecosystem health.

These tadpoles are dependent upon their aquatic environment. The chemicals and 

heavy metals within the water itself could contribute to their demise. But these pollutants 

also affect the pond vegetation, the tadpole food source, leading to a compound effect.

The ultimate result is a concentration of deadly substances in organisms farther down the

food chain.

Overall, my research findings included significant difference in water chemistry, a 

significant decrease in macro-invertebrate diversity and abundance, and a significant 

decrease in amphibian tadpole survivorship due to the pollutants of mine tailings, most 

probably consisting of heavy metals. Indirectly this could lead to a decrease in the overall 

amphibian population. These results are particularly important when monitoring 

ecosystems for health and vitality. Amphibians have an advantage over other biotic 

indices for environment quality because of their sensitivity and dependence on water
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quality. My study indicates that they are particularly sensitive to mine effluent pollution. 

This information could be valuable in Montana’s endeavor to regulate mineral resources 

through legislation. Through research projects such as this one, we can devise a method 

to meet the people’s economic needs through mining, yet at the same time promote and 

maintain healthy and productive ecosystems. Research in the past has suggested that 

pollution prevention is more beneficial than restoration (Journal of Soil and Water 

Conservation, 19). Therefore, the land must be closely monitored for signs of pollution. 

My research provides evidence that amphibians are good bioindicators for monitoring 

these ecosystems.

a
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Table 1. Water chemistry analysis
Analysis of water chemistry differences between effluent and non-effluent sites 

(position) and differences over the course of the summer (time).

A) Results of MANOVA for effects of position 
and time.

Variable Wilks’
Lambda

F df P

Position 0.445 19.089 3,46 <0.001

Time 0.843 2.859 3,46 0.047

B) Results of univariate F tests of position
Variable df MS F P

Conductivity 1 117470.773 45.196 <0.00
1

PH 1 5.520 21.891
1
<0.00
1

Turbidity 1 1.415 3.606
I
0.064

C) Results of univariate F tests of time
Variable df MS F P

Conductivity 1 703.062 0.270 0.605

PH 1 1.105 4.382 0.042

Turbidity 1 1.732 4.413 0.041
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Table 2. Macro-invertebrate analysis
Testing for the difference in macroinvertebrate diversity and abundance between 

non-effluent and mining effluent sites (position).

A) MANOVA Test for Effect of Position on Macro-invertebrate
Variable Wilks’ Lambda F df P
Position 0.323 17.850 2,17 <0.001

B)Univariate test for taxa diversity and abundance
Variable df MS F P
Taxa 1 231.2 29.515 <0.001
Abundance 1 104980.05 28.241 <0.001

Table 3. Correlation between water chemistry and macro-invertebrates
Matrix that shows the relationship between water chemistry and macro

invertebrate diversity and abundance.

A) Pearson Correlation Matrix
Variable pH Conductivity Turbidity
Taxa 0.654 -0.663 0.217
Abundance 0.489 -0.568 0.429

B) Matrix of probabilities
Variable pH Conductivity Turbidity
Taxa 0.002 0.001 0.358
Abundance 0.029 0.009 0.059

Table 4. Survivorship experiment
Represents the number of tadpoles that survived, out of 30 original tadpoles, in 

sites upstream and downstream from the mining effluent site.

Replicate Upstream Site Downstream Site
1 24 0
2 18 0
3 27 0

<►
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Table 5. Breeding site analysis
Analysis of differences in water chemistry between breeding and non-breeding

sites.

MANOVA Test for effects of breeding on water chemistry
Variable Wilks’ Lambda F df P
Breeding 0.754 2.502 3,23 .085

Univariate test for breeding effect
Variable df MS F P
PH 1.0 0.208 2.043 0.165

Conductivity 1.0 1.596 2.074 0.162

Turbidity 1.0 0.242 7.803 0.01

*
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Figure Legends

Figure 1. Map of study site at Frohner Meadows in the Helena National Forest, Jefferson 
County, MT.

Figure 2. Water chemistry results for upstream and downstream sites for both the early 
and late sampling periods.

Figure 3. Macro-invertebrate diversity and abundance for upstream and downstream 
sites.

Figure 4. Water chemistry data for breeding versus non-breeding sites.
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F) Average pH

H) Average Turbidity

G) Average Conductivity

Figure 4.

20



a Literature Cited

Brower JE, Zar JH. 1977. Field and laboratory methods for general ecology. Second 
ed. Wm. C. Brown Company Publishers.

Concar D, Griffiths R. 1992. Pollution takes its toll. New Scient.
134 (1827):28.

Cowen R. 1990. Vanishing amphibians: why they’re croaking. Sci. News.
137:116.

Gillis AM. 1993. Amphibians don’t drop under acid rain in the west.
BioScience. 43 (10): 678-679.

Heyer RW, Donnelly MA, McDiarmid RW. 1994. Measuring 
and monitoring biological diversity: standard methods for amphibians.
Washington D.C.: Smithsonian Institution Press.

Karr JR, Chu EW. 1997. Biological monitoring and assesment using 
multimetric indexes effectively. University of Washington, Seattle Washington.

McClellan GS. 1971. Land use in the united states, vol.43. num.2. H.W. Wilson 
Company

Rosenberg DM, Resh VH. 1993. Freshwater biomonitoring and 
benthic macroinvertebrates. Great Britian: Chapman and Hall.

Stebbins RC, Cohen NW. 1997. A natural history of amphibians.USA: Princeton 
Academic Press.

USGS, Montana Bureau of Mines and Geology. 1963. Mineral and water resources of 
montana. Washington:U.S. Government Printing Office.

Water quality on the national forest. 1990 J. Soil Wat. Cons. 45:627.

21


