
 Associations between groundwater-surface water dynamics and coaster brook trout 
           spawning habitat in the Salmon Trout River, Upper Peninsula of Michigan

Motivation
�e Salmon Trout River (STR, see Figure 1 for location) is the only river on 
the south shore of Lake Superior known to sustain a naturally reproducing 
coaster brook trout (coasters, see Figure 3) population.  Related studies 
demonstrate that brook trout tend to select spawning sites (Figure 2), based 
on the presence of groundwater discharge into the river (Curry et al., 
1994).  �e results of these studies suggest that groundwater presence is 
also vital to the reproductive success of coasters. Previous studies of the 
STR have characterized the life history strategies and ecology of  coasters, 
but to date no study has investigated the in�uence of groundwater on 
coaster brook trout spawning habitat in the STR. We hypothesize that spatial 
distributions of groundwater in�ows through river-bo�om sediments is a critical 
factor in the selection of spawning sites.

Objectives
In this study, high-resolution data collection methods are implemented to 
quantify the interaction between groundwater and surface water in order 
to verify the presence or absence of groundwater discharge into the river 
at sites that support a reproducing population of coaster brook trout 
(Figure 3). 
Networks of 1.5 inch inner diameter PVC monitoring wells are installed 
into river banks and bo�om sediments of two active spawning sites.  
Transects containing three monitoring wells each are located in the active 
sections, as well as immediately upstream and downstream of the active 
spawning sections (Figure 4).  Each monitoring well is equipped with �ve 
temperature sensors placed at incremental depths (0 to 4 feet) beneath 
the riverbed (Figure 5).  An in�atable packer equipped with a pressure 
transducer is used to monitor pressure gradients between the groundwa-
ter and surface water at depths equal to the placement of temperature 
sensors. 
By simultaneously inverting temperature and pressure measurements ver-
tical groundwater �uxes within the river bed can be estimated. �e study 
will span the course of two spawning seasons during 2007 and 2008.  Pre-
liminary data is presented  here to show estimates of groundwater velocity 
based solely on the inversion of temperature data.
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Temperature Measurements
�ermochron iBu�ons (Embedded Data 
Systems) capable of recording tempera-
tures from -5 to 26oC with a resolution of 
<0.0625oC and an accuracy of 0.5oC were 
used in this study. Each monitoring well is 
equipped with �ve evenly spaced iBu�ons  
a�ached to a 0.5 inch I.D. PVC pipe. In 
order to prevent vertical mixing intervals 
are discretely separated using santoprene 
rubber washers. �e upper most logger is 
located in the surface water environment, 
while the upper most ba�e is located at 
the bed surface to prevent surface water 
in�ltration within the well.

Temperature measurements are recorded 
by the iBu�ons in three hour intervals, 
and downloaded to a laptop computer 
upon removal of the ba�e assembly. �e 
iBu�ons used in this study began 
recording temperature data in early 
October 2007, and will continue through 
the Fall of 2008.

Modeling and Parameter Inversion
�e one-dimensional thermal advection and dispersion equation (see Equation (1)) is solved using �nite 
di�erences. �e vertical groundwater �ux (velocity) is estimated by comparing �eld observations and model 
simulations of vertical temperature pro�les. �e best �t estimate of velocities is obtained by minimizing the 
sum of the squares of the residuals between observations and model simulations. All other parameters in 
equation (1) are estimated independently using empirical relationships de�ned in Lapham (1989) and 
Domenico and Schwartz (1998).
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Conclusions 
Preliminary results indicate that the presence of groundwater 
discharge (gaining conditions) is a factor associated with coaster 
brook trout spawning site selection.  

 Figure 6: Temperature vs. Time (6.3)                     Figure 7: Modeled vs Observed (6.3)

Figure 8: Temperature vs. Time (8.1)                               Figure 9: Modeled vs. Observed (8.1)

Figure 4: Monitoring Well Network

Figure 5: Monitoring Well Assembly

Results and Discussion
Figures 6-9 focus on two wells that are representative of typical 
temperature pro�les observed in the spawning and non-spawn-
ing sections. Monitoring well 6.3 (Figures 6-7), which is lo-
cated in the spawning section (see Figure 4 for location), 
achieves an average ambient groundwater temperature of 6.5 oC 
within 35 cm of the bed surface during the Fall and early Winter 
of 2007. Diurnal �uctuations in surface water (SW) tempera-
tures are not re�ected in sub-surface (SS) water temperatures, 
which is indicative of groundwater discharge (gaining) condi-
tions (Figure 6). Figure 7 displays results of the best �t model 
simulations for monitoring well 6.3.  An average vertical veloc-
ity of +3.1*10-4 cm/s was estimated using the parameter inver-
sion methodology described here, with a range of (+/-) 
3.0*10-4  cm/s during the sampling period. �e average error of 
0.03 oC calculated as (             ) is relatively low, indicating good 
model �ts. All temperature pro�les in the spawning section 
reached ambient groundwater temperature within 60 cm below 
the stream bed.

Monitoring well 8.1 (Figures 8-9), located in the non-spawning 
section (see Figure 4 for location), does not achieve ambient 
groundwater temperatures (Figure 8). Fluctuations in surface  
water temperatures are re�ected in the sub-surface water over 
the course of the sampling period, which is a qualitative 
indicator of groundwater recharge (losing) conditions. Figure 9 
displays results of the best �t model simulations for monitoring 
well 8.1. An average groundwater �ux of -1.0*10-4 cm/s was 
estimated during the sampling period. Again, the average error 
of 0.07oC is relatively low, indicating good model �ts. All wells 
in the non-spawning sections exhibit similar temperature 
signatures to that of Figure 10, where variations in tempera-
tures observed in sub-surface locations strongly re�ect tem-
perature variations observed in the stream. 
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Future Work 
A pressure transducer and custom designed in�atable packer 
will be used to measure the pressure di�erential between the 
surface and sub-surface water.  Vertical estimates of sub-surface 
water velocities will be computed by solving Darcy’s Law and 
independent estimates of hydraulic conductivity.  Simultaneous 
inversion of both temperature and pressure data will provide 
re�ned estimates of sub-surface water velocities in two 
locations containing both spawning and non-spawning habitat.
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Spawning Section: Groundwater Discharge (gaining) Conditions 
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Figure 1: Location Map

Figure 3: Coaster Brook TroutFigure 2: Spawning section

10 km

10 m


