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North-shore streams provide marginal habitat for trout. Stream discharge and temperature reach extremes 
in mid-to-late summer, during dry periods, and again in winter, when runoff is essentially non-existent. 

Deeper groundwater is one of the main sources of flow during winter, and can significantly contribute to 
maintaining habitable temperatures and flow during the winter. A deep (200+ feet) groundwater spring 

and associated tributary were identified flowing into Amity Creek and had a significant impact on raising 
the temperature of the main stem throughout winter. This spring maintained an almost constant 

temperature between 6 and 7 𝇈C throughout the winter, along with steady conductivity and isotope 
signatures. The spring was very similar in all aspects to a discharge from a deep bedrock well within the 
same watershed. The steady properties of the deep spring stood in sharp contrast to the main stem of the 

Amity, which was consistently below 1𝇈Celsius and fluctuated in conductivity and isotope signature 
throughout the season. The only time when the groundwater tributary was not affecting the main stem was 

during two periods of extreme cold, when the tributary may have frozen to the bed of the channel. The 
tributary itself can also serve as a trout refugium year-round, in addition to maintaining flow in the main 
stem, as brook trout have been found within the tributary in the past. Trout conservation efforts should 
focus on identifying and protecting similar deep groundwater inputs to ensure continued streamflow, 

above zero temperatures, and trout survival throughout winter.   



Introduction 
Many streams on the north shore of Lake Superior are designated trout streams and draw 

anglers from across the region. Trout fishing is a popular activity on the north shore, contributing 
significantly to the local economy. Correspondingly, the Minnesota DNR annually spends over 
one million dollars on trout management (DNR, 2018). North-shore streams provide marginal 
trout habitat throughout the year, but the habitat struggles in middle to late summer, during dry 
periods, and again in the winter, when runoff is essentially non-existent. 

The primary reason that north-shore streams are marginal is relatively low baseflow 
levels. Northeastern Minnesota geology consists of low-permeability glacial sediments sitting 
atop low-permeability ancient bedrock. The glacial sediments and bedrock are unable to transmit 
groundwater in large amounts. North-shore drainage basins and their streams have large 
topographic relief. The combination of low-permeability geology and steep topography leads to 
‘flashy’ streams that tend to rise quickly during rain events and fall quickly after the events stop. 
The low groundwater contribution to streamflow means that north-shore streams have difficulty 
‘buffering’ periods of no runoff.  

Groundwater keeps streams flowing in the winter. ‘Distributed’ groundwater flows into 
the stream from the shallow (< 10 m) groundwater flow system at all points along the channel. 
This distributed groundwater flow has short residence times and the input to streams decays 
throughout the winter because frozen ground prevents infiltration and aquifer recharge. The 
distributed flow from these shallow groundwater flow systems is sensitive to the duration and 
intensity of the winter and the level of groundwater storage going into the winter (Dingman, 
2015). 

Focused input of deep groundwater, typically in the form of ‘point-source’ springs, 
occurs at a scale larger than that of the shallow groundwater flow system. The goals of this 
research were to identify to what extent this deep groundwater flow contributed to winter stream 
flows and how it impacted the temperature of the stream, along with determining if the deep 
groundwater could provide winter trout refugia.  
Methods 

For this project, sampling was conducted across seven sites within the Amity Creek 
Watershed. The first sample was directly at a ‘point source’ spring that flows into the West 
Branch of Amity Creek. The second was in the tributary this spring established, immediately 
before it entered the main stem. Two samples were collected in the main stem, one from directly 
upstream of this tributary and one directly downstream of this tributary. These were taken in 
order to assess the effects of this input into the stream. One sample was taken from a deep (205 
feet) groundwater well. This well was compared to the groundwater spring. Two other sites were 
sampled in the main stem upstream of the confluence with the deep groundwater tributary as a 
baseline.  

Measurements taken as a part of each sample included temperature, conductivity, and 
dissolved oxygen. Water samples were taken for isotope analysis in Dr. Salli Dymond’s lab. 
Isotope analysis consisted of measuring the 18O and 2H isotopes.  



 
Results 

Both the deep groundwater spring and the deep well were very steady across the entire 
winter in temperatures. Temperatures for both landed between 6 and 7 𝇈C, while the rest of the 
main stem of the Amity didn’t get above 0.5 𝇈C until March 31 (Figure 1). The spring-fed 
tributary is shown to be statistically significant in raising the temperature of the main stem of the 
stream. T-test results show that the temperature directly downstream of the tributary is 
significantly warmer than the temperature directly upstream of the tributary, with a P-value of 
.0013.  

The deep groundwater spring and the deep well also stayed relatively constant in their 
conductivities throughout the winter, ranging between 206 and 237 microsiemens/centimeter. 
This is in sharp contrast to the large fluctuations across the rest of the sample sites, as 
conductivity ranged from as low as 105 to as high as 350 microsiemens/centimeter (Figure 2).  

The isotopes measured follow the same trend. The deep well and deep spring maintained 
their consistency for both 18O and 2H across the entire season, ranging from -10.16 -11.36 for 18O 
and -73.51 to -78.34 for 2H. The -10.16 18O value is suspected to be an error, with the non-error 
value being -10.62. The isotope values across the other sites ranged from -10.37 to -13.24 for 18O 
and from -70.77 to -94.65 for 2H (Figure 3). 

 

Figure 1: The water and air temperature across four of the seven sites sampled throughout the 
winter.  
 



 
Figure 2: Conductivity time series across six of the seven sites sampled throughout the winter 

 
Figure 3: 2H time series across six of the seven sample sites  



Discussion 
The data overall show that this deep groundwater spring and the resulting tributary that 

feeds into the main branch of the Amity significantly affects the temperature in the stream. Not 
only is this tributary influencing the temperature of the stream channel directly, but the tributary 
itself can serve as warm-water refugia for trout during the winter. Evidence of groundwater 
providing warm-water winter refugia for freshwater fish has been found in other water bodies 
(Cunjak and Power, 1986 , Lindstrom and Hubert, 2004) and supports this theory in Amity 
Creek. The only time when the tributary did not raise the temperature of the main stem was 
during periods of extreme cold (approximately -19 𝇈C) immediately before sampling took place. 
During these two days of sampling, February 5 and February 19, we noticed that the tributary 
was frozen to the bed of the channel, limiting the flow of the tributary into the main stem to 
almost none. This means that the groundwater can only feed into the main stem during periods of 
relatively warm weather, potentially limiting the effectiveness of the groundwater spring as a 
winter flow contribution. We hypothesize that most of the freezing, or the temperature drop that 
leads to freezing, likely takes place in the culvert where the water is more spread out with a 
higher surface area exposed to the air.  

Data from Jasperson (2019) shows the spring maintaining similar readings in temperature 
throughout the summer months. A water temperature of 7 𝇈C in the summer would provide 
refugia for trout from the warmer summer temperatures, meaning that this groundwater spring 
could potentially provide habitat for trout year round. Jasperson also collected trout samples 
from within the tributary, on both sides of the culvert going under Jean Duluth Road. Eighteen 
Brook Trout, consisting of mostly year-of-young, were found in mid-September. This means that 
trout should be able to inhabit the tributary during the winter months to avoid the cold water 
habitats of the main stem that hover just above 0 𝇈C, a temperature that decreases their ability to 
feed (Brown et al., 2011).  

The temperature, conductivity, and isotope data all correlate enough to hypothesize that 
the deep groundwater spring is at relatively the same depth as the known deep well, 
approximately 205 feet. Higher dissolved oxygen levels in the spring (9 mg/L  compared to 4 
mg/L) suggest that the spring surfaces farther upstream from where the measurements were 
being taken. If the surface location could be identified, further measurements could be made to 
assess the similarities of the water sources between the spring and the well.  

Isotope data shows that the points in the stream are relatively constant until March 12, 
after which they start to become lighter. The lighter isotopes are an indication of the snowmelt 
and this correlates with the timing of temperatures consistently above 0 𝇈C, as to be expected. 
We also hypothesize that there is a confounding variable or sampling error in the 18O deep well 
sample on March 24, as there is no hypothesized reason why it is significantly higher than any 
other sample of the deep well.  

Rapid conductivity fluctuations are thought to be caused mostly by road salt, as the high 
fluctuations in the main stem correlate relatively well with the maximum air temperatures that 
are above 0 𝇈C, when melting snow and ice would carry road salt into the channel.  We also 



hypothesize that there is some shallow groundwater input into the tributary stream that lowers 
the conductivity values from the site at the spring. 

Overall, the deep groundwater fed tributary significantly affects winter temperatures 
within Amity Creek, along with providing potential refugia for trout during all seasons. Further 
research should investigate the proportion of winter streamflow from the deep groundwater 
spring and the effect of the culvert on the tributary freezing to the channel bed. Trout 
conservation efforts should focus on identifying and protecting deep groundwater tributaries to 
North-shore streams in order to provide both winter and summer refugia for trout.  
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