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Problem and Research Objectives: 
Stream temperature models based on air temperature alone cannot be uniformly applied to regions of 
differing geologic stratigraphy without accompanying physical models to incorporate subsurface heat 
flow. By coupling stream temperature distributions with subsurface heat flow dynamics we can better 
understand the resilience of thermal microhabitats in streams in the Northeast to climate changes. Our 
study focuses on a critical gap in our understanding of how temperature dynamics within subsurface 
flow paths relate to stream temperature distributions and the prevalence of thermal refugia for fish 
habitat. 

Methodology: 
We used fiber-optic distributed temperature sensing (DTS) to characterize stream temperature 
distributions with high spatial and temporal resolution. In conjunction with physical groundwater heat 
flow models, we use detailed stream temperature distribution profiles to provide new insight into the 
temperature variability and thermal buffering capacity of streams in till-mantled fracture bedrock 
catchments. 
 
Principal Findings and Significance:  
Our findings show that mean annual groundwater temperatures range consistently between 9-10° C in 
fractured bedrock at depths greater than 40 ft below ground surface. Till aquifer temperatures show 
greater seasonal variation, ranging from 6 – 13° C which fall along a damped phase lag of 3.5 months 
from air temperature. Shallow soil aquifer temperatures at depths of 1 m below ground surface 
surprisingly show a similar phase lag of 1-3 months ranging from 0 -15° C. Main channel stream 
temperature ranged between 1 – 20° C with a phase lag of <1 month. Most interestingly, localized 
groundwater input in the stream channel provided temperature offsets of up to 3° C, where 2° C 
temperature differences were common, despite a relatively well mixed channel area.  
 
The timing and magnitude of these localized groundwater inputs support the hypothesis that 
groundwater is responsible for providing relatively cooler microhabitats during the cold or frozen winter 
months and warm summer months where stream temperatures can reach the extreme tolerance for 
salmonid survival. We observed that in-stream temperature variability was less present in stream reaches 
with extensive sand and gravel, rather the highest concentration of localized groundwater inputs 
coincided with bedrock outcrops and high near-stream hydraulic heads. Ongoing work will investigate 
the temperature variability of the streambed sediments and their relationship to site selection for egg-
laying female brook char during the autumn redd. 
 



 

 
Figure 1: Red and black lines indicate the temperature differences between localized in-stream groundwater seeps 
and the main stream channel. Notice a step increase in dT around October 20th, 2013. 

 

 
Figure 2: Hydraulic head changes in the surficial till (red) and saturation state of overlying soils (1m depth). A similar 
response to increased saturation can be seen as hillslope aquifers discharge to localized seeps in upstream reaches of 
Jimmy Nolan Brook 
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Deposition of acid rain in the Northeast United States beginning in the middle of the 20th century 
resulted in increased hydrologic export of calcium from forested watersheds, an important nutrient that 
is stored in biomass and in soils. Forest harvesting similarly results in accelerated loss of nutrient Ca.  
Both effects have important implications for forest sustainability, as decreased Ca availability 
diminishes tree resistance to cold and disease. Despite extensive work on forest nutrient mass balances, 
much of which was done at Hubbard Brook Experimental Forest in New Hampshire, there remains some 
uncertainty in terms of the mechanisms that cause this accelerated Ca loss. The goal of this project was 
to conduct a pilot study of the application of calcium stable isotopes to historical changes in forest 
calcium cycling at Hubbard Brook based in archived samples, and to use these preliminary data to 
motivate a larger-scale proposal to the National Science Foundation. Ca stable isotopes are naturally 
fractionated in forests primarily by preferential uptake of light Ca (40Ca) by plant roots. This process 
imparts variability in the ratio of 40Ca to 44Ca in different Ca pools (root-, woody-, and leaf-biomass, soil 
exchange sites, soil Ca-oxalate) within a forest ecosystem. The 44Ca/40Ca ratio of dissolved Ca exported 
by streams is influenced by this fractionation and losses from these pools. 

Methodology: 
 
Research samples for this study come from an extensive archive of materials at Hubbard Brook 
Experimental Forest, including streamwater, soils, and plant tissues. Our initial work has focused on a 
1983 experimental clear-cut of one of the first order watersheds (Watershed 5) at Hubbard Brook. We 
subsampled archived streamwater samples from both the experimental watershed (Watershed 5) and a 
nearby control watershed (Watershed 6), bracketing the experimental manipulation (1977 to 1988).  
Samples were selected to capture a range in both seasonality and discharge. We also subsampled glacial 
till and archived soil profiles from Watershed 5 in order to characterize the Ca isotope ratios of the 
weathering parent material, and plant-available soil Ca pools. Recently we have expanded our collection 
subsamples (streamwaters and soils) to investigate decadal-scale changes in Ca cycling driven by 
changes in acid deposition at Hubbard Brook between the late 1960s and mid 1980s.   
 
The vast majority of the research effort in this project took place in the Boston University Thermal 
Ionization Mass Spectrometry (TIMS) Facility, improving our analytical method and collecting both Ca 
concentration data and measurements of Ca isotope ratios of samples. Determining 44Ca/40Ca ratios on 
natural samples is tricky because there is a significant isotopic fractionation that takes place within the 
instrument during analysis that must be separated from natural isotopic effects. These complications are 
overcome by mixing the natural sample with a carefully calibrated mixture of 43Ca and 48Ca (a “double 
spike cocktail”) prior to separation of Ca by cation exchange columns. At the start of this project, we 
were successfully applying the double spike method to determination of 44Ca/40Ca ratios but with less 
reproducibility than expected. In December 2013 we traced the problem to Ca contamination sometimes 
occurring during sample preparation. Eliminating this source of Ca (a “loading blank”) has greatly 
improved reproducibility.   

Principal Findings and Significance: 
Our initial work shows that there is a measurable range in the 44Ca/40Ca ratio of both streamwaters and 
forest ecosystem Ca pools and that there is interpretable variability in streamwaters both as a function of 
discharge and as a response to the 1983 experimental harvesting. 44Ca/40Ca ratios are presented in the 
“delta notation” common in stable isotope geochemistry, reflecting permil variations relative to a 
standard (in this case seawater Ca). The δ44Ca of the glacial till parent material is -1.1‰, within the 
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range typical of silicate rocks. Ca on soil ion exchange sites (plant-available) is isotopically light 
(enriched in 40Ca) relative to till (-1.4 to -1.8‰), and lightest in shallow soils, which also contain the 
largest amounts of exchangeable Ca.  Streamwater values of δ44Ca vary between -1.1 and -1.7‰, and 
are lightest (most negative) during high discharge events. We interpret this as evidence of hydrologic 
flowpath control over export of dissolved Ca to streams, with increased contributions from the shallow 
soil pool relative to deep weathering during storm events. δ44Ca values in watershed 5 shift by an 
average of -0.3‰ as a response to the experimental harvesting. The shift towards lighter Ca post-harvest 
is consistent with increased export of plant-available shallow soil Ca in responses to changes in soil 
biogeochemistry and hydrology that result from clear-cutting.  


