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ABSTRACT

Saline seeps are a known environmental hazard in eastern Montana. Identifying 

the salinity threshold value for fish using a 96-hour acute toxicity test will allow fish 

salinity tolerance to be taken into account when biotic integrity is used to determine the 

health of a waterbody. Acute toxicity tests were run 10 fish per 8 gallons of test solution 

in glass aquaria. The test solution was made using Na2SC>4 dissolved in carbon filtered 

city water and was renewed after 48 hours. Mortalities were counted and removed every 

6 hours for the first 24 hours and every 12 hours there after. Results obtained from the 

96-hour acute toxicity test determined the LC50 range to be 10-20 g/L using the binomial 

method. The geometric mean being 14.1 g/L. Results from a follow up experiment 

showing 100% mortality at 13 g/L lead to the conclusion that the actual LC50 lies below 

14.1 g/L. The calculated LC50 value of 14.1 g/L leads to the conclusion that northern 

redbelly dace are a salt tolerant species well adapted to the saline waters of eastern

Montana. Affected streams in eastern Montana that have salinity levels regularly 

approaching 9 g/L are approaching toxic levels.

e
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INTRODUCTION/LITERATURE REVIEW

The salinity tolerance of northern redbelly dace, Phoxinus eos, was determined 

using a 96-hour acute toxicity test. Northern redbelly dace are a common prairie fish 

native to eastern Montana, where high salinity levels in lakes and streams have been well 

documented. Knowledge of the salinity tolerance of northern redbelly dace and other 

prairie fish will provide resource managers a tool for assessing and monitoring the health 

of water bodies impacted by salinization. A variety of topics related to the salinization 

problems of eastern Montana will be discussed, including geology, land use practices, 

history of saline seep in Montana, and IBI development.

The geology of eastern Montana promotes naturally saline waters, and the effects 

of certain agricultural and mining practices magnify this (Fig. 1). Saline seeps are 

responsible for the salinization of most of the affected water bodies in Montana although 

acid mine drainage is also a contributor. In 1971 a Soil Conservation Service survey

revealed that more than 80,000 acres of nonirrigated Montana cropland had been lost to

saline seeps (3). Other estimates for the amount of cropland lost are much higher. 

Montana is not the only state impacted by saline seep, and nation wide approximately 10 

million acres of land suffer from salt-caused crop yield reductions (4).

Salinization occurs by the processes of salt loading and salt concentration, both of 

which are problems in eastern Montana (4). Salt concentration occurs when water 

evaporates leaving the salts, and thus increasing the salt concentration of the water. This 

process most often affects lakes and ponds and is a major contributor to the high salinity 

at Bowdoin National Wildlife Refuge (BNWR) discussed below. Salt loading occurs 

when salts are added to the water and is the major cause of high salinity in creeks and
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FIGURE 1. Area of Northern Great Plains region with potential saline seep 
development (3).

rivers of eastern Montana. Salt loading produces saline seeps, which are created by 

dryland farming practices and oil mining in Montana (4).

Bahls et al. (3) describes the history of the saline seep problem in Montana today. 

Lewis and Clark documented deposits of alkali as white spots along the Missouri River 

drainage around 1800. These alkaline deposits were static spots of residual salt 

accumulation that do not spread over time as the saline seeps of today do. Bahls et al. (3) 

also describes the formation and progression of saline seeps. Saline seeps as we know
♦

them today began between 1910-1920 when most of the northern Montana prairie was 

plowed. It has been assumed that some excess water accumulation began below the root 

zone at this time. Because of drought and poor agricultural technology, saline seeps did
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not become a problem until the 1940s when high-powered farming technology became 

widespread (3).

At this time the practice of alternative plant rotation became a common practice. 

Leaving fields fallow, without vegetation, for a season enhanced the salinization process 

(3). Because no root system exists to remove water from the soil when fields are left 

fallow the water table may raise significantly (3). The salinization of eastern Montana 

streams and land has occurred at rapid rate. Aerial photos over the thirty year period of 

1941-1971 show that in 1941 approximately 0.1% of the land in the Highwood Bench 

area were effected by salinity (3). In 1971 this number was 19.4% (3).

Although the method of seep formation may vary from area to area, the 

Highwood Bench provides a good general model and will be used as an example to 

describe how saline seeps form (3). Glaciers covered the entire northern Great Plains 

area two or three times during the Pleistocene Period (between 1 million and 15,000 

years ago). These glaciers left a mantle of glacial till that covers most of the valleys and 

plains of eastern Montana, southern Canada, and the Dakotas (Fig.2). There are two 

layers of till separated by a pebble layer. The till layers lie atop an impermeable bedrock 

layer of black shale. Except for the upper 2-3 feet (the leach zone) the rest of the till 

layers are filled with a high concentration of salt crystals. Current crops have a shallow 

root depth and do not drain the till layer as the native prairie vegetation does. The diverse

native vegetation has a much more complete root system that provides good root cover at 

all levels in the topsoil draining it much more efficiently and preventing the accumulation 

of water on top of the shale bedrock. This excess water moves through the soil taking 

salts with it. As the water table rises, this saline water may begin to leak onto the surface,
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effectively killing the soil. As water drains off the surface and moves through the soil it 

may leak into nearby streams and springs raising the salinity level (3).

The production of oil can also lead to salinization of water by brine. Brine is a

byproduct of most crude-oil production that originates from the intraformational

dissolution of halite in the oil-producing zone (5). The major constituents of brine are

sodium and chloride, which differs from the sodium sulfate salts associated with

agriculturally caused saline seeps. This brine is often injected back into the ground, 

where it leaches into streams (5). The type of salinization associated with oil production 

will not be considered in this study.
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Rising salinity levels affect the entire biotic system. Adverse effects of high 

salinity levels have been documented on fisheries, wildlife, macroinvertebrate, and 

riparian vegetation as well as agricultural productivity. Reduced species diversity and an 

overall decrease in the total biomass of all biological assemblages has been noted with 

increasing salinity (6).

Studies of the aquatic macrophyte community at BNWR (Bowdoin National 

Wildlife Refuge) by Johnson (6) have shown that as salinity increases the diversity of 

species goes down dramatically. Fourteen species were identified in waters categorized 

as slightly brackish, ten in mildly brackish water, and only five species were identified in 

waters labeled brackish. Johnson (6) also sampled macroinvertebrates at the same 

transects as the macrophytes in BNWR, and it was shown that there was an inverse linear 

relationship between total macroinvertebrate density (no./m2) and salinity. Studies of 

terrestrial vegetation at BNWR showed salt tolerant species to be dominant. It was 

shown that the composition of terrestrial plant species could be used to estimate the

salinity of the soil. Studies of duck broods at BNWR showed that decreased duck

production over the past 30 years could also be attributed to the increased salinity of the

area. With conductance of 15,250 pS/cm ducklings stopped eating, and were inactive,

and some deaths were reported (7). Rising salinity levels at BNWR and other sites have

been proven to have adverse effects on all biological communities studied.

The streams and lakes of eastern Montana have been largely neglected in the area 

of water quality assessment and monitoring, although the effects of certain agricultural 

practices that result in the leeching of ions into the streams have been well documented. 

The effects of the increased total dissolved solids levels in the state’s waterbodies have
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been studied as related to agricultural productivity and land management (3). The effects 

of increased salinity on biota, especially fish, has been ignored.

Tolerance levels for native prairie fish species have not been established, and 

most previous studies have focused on the effects of NaCl salts. These tests do not reflect 

ion ratios that fish are subjected to in nature. While Na does make up a large portion of 

the dissolved salts, chloride makes up only a small fraction.

Salinity refers to the mass of all dissolved salts in a given volume of solution. 

Freshwater usually has a salinity of <0.6 g/L, where as the salinity of seawater is around 

34 g/L (1). In most cases the term salinity and total dissolved solids can be used 

interchangeably. Salinity is normally determined by measuring some related physical 

property such as conductivity, density, sound speed, or refractive index. Specific 

conductivity (p,S/cm) readings may be taken with portable conductance meters in the 

field and are often used to express salinity and can be converted to total dissolved solids 

(TDS) mg/L. For most waters the specific conductivity can be multiplied by 0.64 to 

determine TDS (2). For highly saline waters other conversion factors are needed. A

complete description of salinity conversion factors and parameters can be found in an 

EPA document (2).

The Redwater River is a typical eastern Montana prairie stream. Total dissolved 

solids have been measured at over 10 g/L at individual sites on the Redwater River, and 

average values for TDS samples taken over the past 8 years are as high as 8 g/L for some 

sites on the Redwater River. Salinity levels such as these have been determined unsafe 

for most farm animals and water with salinity values over 1 g/L have been proven unsafe 

for most irrigation purposes (2). With levels such as these it is urgent to determine the
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tolerance levels of fish native to these waters. This will help establish the salinity level at 

which fish populations will begin to be affected. Ingersol (8) performed an acute toxicity 

test on the fathead minnow, a common prairie fish native to Eastern Montana, and the 

lethal toxicity level was determined to be between 6 and 10 g/L for NaCl. Based on his 

data, salinity levels at sites on the Redwater River could be potentially hazardous to fish 

populations already.

Biotic integrity can also be assessed using biological communities through the 

development of an Index of Biotic Integrity (IBI). An IBI uses surveys of biological 

communities to assess water body quality. Biological communities are sensitive to 

almost all changes in the environment and therefore give a good model for stream health 

(9). Developing an IBI for a region requires knowledge of the relative tolerances and 

sensitivities of the biological communities to environmental threats. Measuring the 

salinity tolerance of northern redbelly dace will help with the development of a salinity

sensitive metric for an IBI in eastern Montana.

Benthic macroinvertebrate and periphyton communities are most often used for 

determination of biotic integrity, but no class of organisms has become the standard 

measure. Macroinvertebrates and diatoms have been widely used for monitoring in

Montana, but have some drawbacks (10,11). They both require specialized taxonomic

expertise, which may require hiring a lab to evaluate the sample results (9). They are

difficult to sample, life-history data are often missing, and the results obtained from these 

types of studies are often difficult for the public to understand (9). Current research in 

Montana includes using a multi-assemblage monitoring approach combining fish, bugs, 

and periphyton surveys to give a more comprehensive study of the stream.
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As Karr (9) states, using fish populations to determine biotic integrity has some 

advantages. Life-history information for fish is almost always extensive, allowing 

biologists to use any life stage of a fish when analyzing the water quality. Information 

like this is not available for other biological assemblages. Fish communities normally 

have a range of species belonging to different trophic levels. Fish are much easier to 

correctly identify than macroinvertebrates or diatoms. These analyses can often be done 

in the field without the added expense of lab costs later on. Acute toxicity and stress 

effects are also more readily observed on fish than on other organisms. Fish are usually 

present in even very small streams so this technique can be used for most streams.

Species composition is a tool often used for biotic stream assessment. If a 

majority of the fish species present is tolerant to a contaminant, and those species not 

present are intolerant to the contaminant, it is a good indicator that a particular 

contaminant is present. Using methods like these to suggest the pressure of a pollutant is 

much less expensive than lab chemistry results and gives a much more comprehensive 

view of the actual stream condition. Determining the salinity tolerances as well as 

tolerance levels for other potential toxins of fish species will aid anyone performing a

stream assessment.

To determine the salinity tolerance of northern redbelly dace, a 96-hour static 

renewal acute toxicity test was performed. This is one of four methods used to determine 

acute toxicity as described by EPA (1). The first of these is the static technique where 

test organisms are placed in solution and kept there for the duration of the test, no longer 

than 96-hours. Recirculation is the second technique and is the same as the static 

technique except the test solution is continuously circulated through an apparatus to
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maintain water quality by filtration, aeration, and sterilization and then returned to the 

test chamber. The third method is the renewal technique. It is the same as the static 

technique except the test organisms are exposed to fresh test solution of the same 

composition usually every 24 hours. This is done to maintain high water quality, and 

proper toxin concentration. The flow-through technique is the fourth technique. It 

requires expensive equipment that allows the test solution to flow in and out of test 

chambers on a once through basis for the duration of the test.

All of these techniques have benefits and drawbacks, which must be considered 

when attempting to balance scientific and practical considerations. The static technique 

provides the easiest, least expensive measure of toxicity and is often the only practical 

method, while the quality of results may not be as good as those from other techniques. 

The flow-through technique is the most desirable and gives the best possible results 

especially if the test solutions have a high biological demand, or contain degradable or 

volatile toxins. This technique also requires a large investment in equipment that is not

feasible for the toxicity test performed in this study. The recirculation and renewal 

techniques give similar quality results. The renewal technique was chosen for this

experiment because it provided the best balance between quality scientific results and

practical expenditure (1). Furthermore, because the toxin being used, Na2SO4, is not

volatile or accumulated by the fish, using the flow-through technique would be 

unnecessary and impractical. Na2SC>4 was the chosen to make test solutions, because Na 

and SO4 are the two major constituents found naturally in prairie streams and Na2SO4 in 

solution gave the proper weight percent Na and SO4. This also eliminates complicated
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concentration calculations. Fish death data will be used to create an LC50 (concentration

that kills 50% of subjects) for Na2SO4.

Although acute toxicity tests control for many of the variables found in nature, 

they do not take into account the ability of organisms to gradually become resistant to a 

contaminant. None the less these tests should provide useful information to a variety of 

concerned groups and will provide a starting point for further testing on northern redbelly

dace and other fish native to eastern Montana.
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MATERIALS AND METHODS

Northern redbelly dace were collected from the Sun River with seines by Robert’s

Bait Shop in Great Falls, MT. Fish were purchased from the bait shop and transported in

15-gallon coolers with ice to the lab at Carroll College in Helena, MT.

Fish were acclimated for four days in six 15-gallon (56.8 L) glass aquaria with

• one aerator per tank. Approximately 15 fish were placed in each tank. Acclimation 

water was treated with 1 capsule Furacin antibiotic per tank to eliminate fungal 

contamination. Water was dechlorinated/purified using a carbon filter (PUR filter) and 

dechlorinator and allowed to sit overnight prior to fish being introduced. Alpine 

Analytical, of Helena, MT tested the water for chlorine. Chlorine concentration was 

determined to be undetectable, and the water was deemed safe for fish. One large rock 

was placed in each tank to reduce aggressive behavior. Fish were fed freeze-dried brine 

shrimp during the acclimation period once per day to satiation.

Test solutions were made with salinities of 1.25, 2.5, 5.0, 10.0, and 20.0 g/L 

Na2SO4, and a control using only the carbon filtered water was also used. Test chambers 

were 15-gallon glass aquaria containing 8 gallons (30.3 L) of test solution. Solution was 

made using the proper mass of reagent grade anhydrous Na2SO4 (Mallinckrodt) and water 

prepared in the same manner as the acclimation water. Ten fish were randomly chosen

• and placed in each chamber. Fish were not fed during the experiment. Temperature, 

dissolved oxygen, pH, and conductivity readings were taken using a Horiba meter and 

recorded. Mortalities, which were defined as no visible operculum movement, were 

removed and counted every six hours for the first 24-hours and every 12 hours following. 

After 48 hours a new test solution of the same concentration was introduced to fish and
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observations continued until 96 hours. Total length measurements (nose to tail) of fish 

were taken to the nearest mm either when removed as a mortality or after the 96-hour test

was complete and recorded.

A second set of fish were obtained in the previous manner and acclimated for 

seven days. Tests were run following the same procedure as above with salinities of 13.0

and 17.0 g/L and a control. Observations, measurements, and testing were also run in the

same manner as above.

An LC50 was determined using the binomial method described by Stephan (12) 

using the results obtained from the initial experiment of 0, 1.25, 2.50, 5.0, 10.0, and 20 

g/L Na2SO4 solutions.
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RESULTS

Results for the first set of experiments run with salinities 1.25, 2.50, 5.00, 10.0, 

and 20.0 g/L are summarized in Fig. 3. Mortality rate after the 96-hour acute toxicity test 

were 0% for the control, 1.25, 2.50, 5.00, and 10.0 g/L salinity levels. Mortalities

observed in the 20 g/L test chamber were 100%.

100%

0 1.25 2.50 5.00 10.0 20.0

Na2S04 g/L

FIGURE 3. Mortality rate for northern redbelly dace after 96-hours in 0, 1.25, 2.50, 5.00, 10.0, 
and 20.0 g/L Na2SO4 solution. Solution was renewed after 48-hours, mortalities were counted 
and removed every 6 hours for first 24 hours and every 12 hours for the remainder of the test.
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Results for the follow up experiment run with salinities 0,13.0, and 17.0 g/L are 

summarized in Fig.4. Mortality rate after the 96-hour acute toxicity test were 0% for the 

control. Mortality rate observed in both the 13 and 17 g/L test chambers was 100%.

Na2SO4 g/L

FIGURE 4. Mortality rate for northern redbelly dace, after 96-hours in 0, 13.0, and 17.0 g/L Na2SO4 
solution. Solution was renewed after 48-hours; mortalities were counted and removed every 6 hours for the 
first 24 hours and every 12 hours for the remainder of the test. Data from this experiment not used to 
determine LC50 due to no bracketing of range.

The results of the LC50 determination using the data from the initial experiment 

using 0, 1.25, 2.5, 5.0, 10.0, and 20.0 g/L solutions had a LC50 range of 10-20 g/L with 

99% confidence. This number was calculated using the binomial method for 

determination of LC50, which is used when none of the exposures results in a partial kill 

(12). The geometric mean LC50 was determined to be 14.1 g/L. The second experiment 

using salinities of 13 and 17 g/L had 100% mortality rate. Because there was no
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concentration with survivors except the control, these data can not be used to calculate an

LC50 value.

Fish lengths and water chemistry data for the initial and follow up experiments

are shown in Tables 1 and 2.

Table 1. Fish lengths and water chemistry in test chambers of initial experiment.
Salinity

(g/L)
Total Fish length 

(cm)*
Temperature

°C
Dissolved
Oxygen
(mg/L)

pH (s.v.)

0 6.21 0.21 (6.0-6.4) 22 9.5 7.5
1.25 6.0+0.32 (5.8-6.2) 22 9.2 7.5
2.5 6.010.30 (5.8-6.2) 22 9.0 7.5
5.0 6.110.26 (5.9-6.1) 22 8.9 7.5
10.0 6.210.30 (6.0-6.4) 22 9.0 7.4
20.0 6.210.35 (6.0-6.4) 22 9.8 7.3

*Mean±standard deviation (range)

Table 2. Fish lengths and water chemistry in test chambers of follow up experiment.

Salinity (g/L)
Total Fish Length 

(cm)*
Temperature

°C
Dissolved
Oxygen
(mg/L)

pH (s.v)

0 5.910.48 (5.7-6.1) 23 9.6 7.5
13.0 5.710.57 (5.5-5.9) 23 9.3 7.4
17.0 5.810.54 (5.6-6.0) 23 9.5 7.3

*Mean±standard deviation (range)

15



DISCUSSION/CONCLUSIONS

Northern redbelly dace demonstrated an ability to tolerate relatively high 

concentrations of Na2SO4 based on the LC50 calculation of 14.1 g/L in the initial 

experiment. The 99% confidence interval of 10-20 g/L was quite wide, and further 

experimentation should be carried out to narrow this LC50 range. However, the fact that 

the 13 g/L concentration in the follow up experiment produced 100% mortality, suggests

that the actual LC50 in the first test was below the calculated value of 14.1 g/L. The 

salinity tolerance level of northern redbelly dace appears to be very abrupt. Fish in the 10 

g/L test chamber showed 0% mortality and appeared to be unaffected by the salt 

concentration, whereas fish in the 13 g/L test chamber showed 100% mortality in less 

than 24 hours. There is a narrow range between the salinity level that does not result in 

mortality in northern redbelly dace and the level that is rapidly lethal.

The two experiments differed in the amount of time the fish were acclimated to 

their surroundings. The follow up experiment was run after seven days acclimation 

(compared with four in the initial experiment) because of complications due to fungal

contamination. After four days acclimation a mortality rate of greater than 10% per day 

was still occurring. After seven days there were no visible signs of fungus and feeding

behavior seemed normal so I proceeded with the follow up experiment. In both cases, the

fish were acclimated to identical conditions, and it was assumed that the duration of the

acclimation did not bias the results of the experiment.

Several sites on the Redwater River and other eastern Montana streams have 

average salinity readings of 8 g/L, with readings on some days being much higher (13). 

Northern redbelly dace with a calculated LC50 of 14.1 g/L therefore appear to be very
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well adapted to the saline prairie streams. While the average salinity of most eastern 

Montana streams does not appear to represent a risk of acute lethality for the northern 

redbelly dace, the fact that the toxicity threshold is so narrow is cause for concern. The 

salinity in many of the prairie streams can vary greatly from day to day depending upon 

the weather and the time of the year. A hard rain may raise the salinity of a stream

significantly because the water runs over the surface, collecting salts and draining into the

streams (3). This same process occurs when snow melts in the spring. Late summer and 

fall may produce higher salinity levels because higher temperatures cause more water 

evaporation leading to the concentration of salts already present. While northern redbelly 

dace would appear to live unharmed at the normal salinity level of 8 g/L raising the salt 

level by more than 2 g/L would bring the level into the LC50 range potentially killing the

fish.

The fish used in this experiment were not typically exposed to highly saline 

conditions. The Sun River, where the fish were collected, had an average salinity of 0.45

g/L at three sites sampled in the past ten years (13). This is well below the calculated 

LC50 for northern redbelly dace. It is reasonable to expect that redbelly dace taken from

more saline streams might have a higher tolerance to saline water, but more

experimentation will be needed to answer this question.

A previous study by Ingersoll (8) determined the salinity tolerance of fathead 

minnow {Pimephales promelas) to be between 6 and 10 g/L, and Mount (14) determined 

the mean LC50 of fathead minnow to be 6.39 g/L for NaCl and 7.96 g/L for Na2SO4. 

Fathead minnow are considered to be a very tolerant, hearty species that is well adapted 

to warm, saline waters. They are found in streams throughout eastern Montana. Results
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from the toxicity test suggest that the northern redbelly dace maybe even more tolerant to 

saline waters than the fathead minnow. Although toxicity tests performed by Ingersoll

(8) used a solution made with NaCl rather than Na2SO4, studies by Mount (14) show that 

chloride salts seem to be more toxic than sulfate salts to fathead minnow. Mount’s (14)

data also indicate that sodium is not the toxic ion rather it is the anion associated with

sodium that determines the toxicity. Because not all testing was done with the same ions

caution should be used when comparing the tolerance of the two species.

A potential confounding factor to this study is the occurrence of northern redbelly 

dace and finescale dace (Phoxinus neogaeus) hybrids that are known to exist in some 

Montana streams. The fish used in the toxicity tests were not examined thoroughly by a 

trained professional to eliminate the possibility of some hybrids being used in the test.

The possibility that hybrids were used in this study may limit the accuracy of the data 

collected. However, there was no differential response to any exposure concentration 

indicating that if hybrids were present, they responded in a similar way as northern

redbelly dace.

No further information has been found on salinity tolerance determinations for 

species inhabiting habitats similar to eastern Montana. This study provides a starting 

point for further research, which should include testing to determine whether there are 

toxic effects associated with chronic exposure to saline water. Further research to 

determine the salinity tolerance of a much wider range of prairie fish will aid in the 

development of a salinity sensitive metric for an IBI for eastern Montana prairie streams. 

Salinity is an appropriate water chemistry metric to study for eastern Montana prairie fish 

because of the saline pollution problems present in that part of the state. Northern
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redbelly dace are a salt tolerant species. Their presence in the absence of salt-sensitive 

species would be an indicator of salinity pollution.
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