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TRAVELLING DOWNSTREAM: THERMAL CHALLENGES FACING FISH. 
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Cooling and warming processes were characterized, as well as the rate of changes between landscapes (Forested 
versus Open), over a 7 km stream reach where brook trout have been observed in the past. Results show that 
summer temperatures could be a limiting factor for fish species having a thermal tolerance that does not exceed 
24oC, since this threshold was reached on several occasions. The maximum temperatures for the Open sites 
reached 26.9oC, meanwhile the Forested sites did not exceeded 22.3oC. The reaches situated in open meadow are 
the ones presenting the warmer water temperature and the more dynamics diurnal variations. The mosaic of 
thermal dynamics created by the changes in riparian landscapes also affected the accessibility to thermally 
appropriate habitat, such as thermal refuge, by limiting the connectivity between suitable habitats. This study 
informs management recommendations of the riparian zone, especially in connection with brook trout 
reintroduction. 
 

1 INTRODUCTION  

Many studies have shown the stabilizing and reducing effects of riparian buffers on daily maximum temperature 
and water temperature dynamics (e.g. Studinski et al., 2012 [1]; Garner et al., 2013 [2]). Few studies have 
detailed exactly which processes control the cooling and warming of water, the thermal buffering efficiency of 
the riparian buffer, and how quickly (rate and gradient) the changes happen as streams transit often fragmented 
riparian forest landscape segments (Hannah and Garner, 2015 [3]). Understanding how riparian forest 
fragmentation affects stream thermal regimes is essential to informing stream temperature models as well as 
effective land management programs that aim to restore or protect the quality and longitudinal spatial extent of 
riparian buffer needed to achieve thermal restoration and/or resilience in the face of projected climate warming.   

Here we present the results from a landscape-level study in the Mid-Atlantic region of the United States to 
evaluate the effects of riparian forest buffer quality (height, stand density, thickness) on the thermal regimes of 
headwater streams flowing through a land use mosaic of agriculture and forest. Successful modeling and 
management of temperature regimes is essential to ensure the diversity of thermal habitats needed for the 
conservation of thermally sensitive fish species, such as the brook trout (Salvelinus fontinalis), a species that has 
been in decline for many decades (e.g. Stranko et al., 2011[4]). 

2 METHODOLOGY 

2.1 Study site 

The target study watershed is Sharitz Run, a sub-watershed of Brandywine Creek, in Pennsylvania, USA (Figure 
1). It is a medium size watershed (app. 10.0 km2), from which 23.17 km of stream have been designated as Trout 
Stocking Fishery, Migratory Fishery (TSF-MF) by the Pennsylvania Fish and Boat Commission. The majority 
(73%) of the watershed is dedicated to agricultural activities including livestock pasture, hay, and row-crop 
production, and 14.81 of the 23.17 km of streams do not have any riparian buffer.  

 
 
 



Figure 1: Watershed study site and location of the water temperature loggers along the stream reach. 

2.2 Water temperature data 

HOBO ProV2 water temperature loggers (accuracy = ±0.21°C, resolution: 0.02°C) were shaded using white pcv 
and deployed approximately at each 0.50 km over a 7km stream reach (Figure 1), where the land use transitions 
from open meadow to semi-forested zones and zones in restoration where trees were planted, but are still not tall 
enough to provide shading cover to the stream. The loggers are recording the water temperature at 15 min 
intervals from March 2015 to March 2016. The loggers were placed at the bottom of the water column since 
there was no stratification at the study sites.  

2.3 Statistical analyses 

Water temperature data were used to calculate five parameters at each site: 1) daily mean (Tm), 2) daily max 
(Tmax), 3) daily min (Tmin), 4) delta between sites (Td) and 5) the maximum daily change (difference between 
max and min values Tr). A Kruskall-Wallis test was performed on each of the five daily parameters (using the 
aggregated data set to determine if all sites were derived from the same population). Wilcoxon signed-rank test 
was also used to compare Forested and Open sites. 

3 RESULTS AND DISCUSSION 

A Kruskall-Wallis test was first conducted over all the sites and confirmed significant differences between the 
sites for the five parameters (p<0.01). Therefore, the Wilcoxon signed-rank test was used to compare the Open 
and Forested reaches, which were significantly different (p<0.01).  The daily mean water temperature between 
Forested and Open reaches (Figure 2) showed that both site types displayed similar water temperature at the end 
of the winter (March) when the air temperature are still cold (<5oC) and the ground mostly frozen. From April 
and throughout the rest of the summer, different patterns appear between sites and the differences between water 
temperatures increased progressively during summer, with the Open sites being warmer. The mean daily water 
temperature difference between Forested and Open sites is 2.1oC and the max is 4.2oC. Those differences are 
important, especially when reaching temperatures close to the maximum temperature tolerance of cold-water 
species, such as brook trout (24oC). In some Open sites, the limit of 24oC was reached on several occasions 
during the summer (max water temperature reached was 26.9oC), with these sites becoming thermally unsuitable 
for brook trout or other fish species having similar thermal tolerances. This threshold was never reached within 
the Forested sites, with maximum temperatures typically not exceeding 22.3oC. 

 
 
 
 
 



 
Figure 2: Daily mean water temperatures for the Forested and Open sites. 
 
 August 5 2015, one of the warmest days, was chosen to show the mean diurnal pattern between 
Forested and Open sites. As expected, the Open sites are not only warmer, but also display greater diurnal 
variations (4.9oC compare to 3.2oC). In some of the Open sites, the diurnal variations can reach 9.6oC; 
meanwhile in Forested sites they tend to stay lower than 6.3oC. The diurnal variations are also important to 
consider since they can influence the capacity of fish to recover from warmer temperatures during the day or 
increase the thermal stress pressure beyond what the fish can physiologically handle (e.g. Angilletta, 2009 [4]).  
 

Figure 3: Daily water temperature variation between Forested and Open sites for August 5 2015. 
 
 Figure 4 shows the longitudinal pattern of the mean differences between the maximum and minimum 
temperatures values for the month of July from upstream to downstream. Most Forested sites show significantly 
lower differences than Open sites. The only exception is for the site situated around 3.5 km, where the forested 
buffer is very thin, consisting of only a few mature trees and recently planted trees. A significant drop in the 
Delta Max-Min occurs at the 5 km mark, where the stream transits through a mature forested buffer, showing the 
buffering capacity of the buffer against the effects of direct solar radiation as a water temperature driver. The 
Delta Max-Min differences abruptly increase again downstream, reaching almost 5oC.  Stream reaches with high 
Delta Max-Min values may prevent fish movement during summer months, limiting the habitat value of the 
short buffered reaches during periods of thermal stress. 
 
 
 
 
 



 
 
Figure 4: Longitudinal water temperature differences between max and min (Delta Max-Min) for the month of 
July 2015, from upstream to downstream. The Forested areas are highlighted in grey. 

4 CONCLUSION 

The fragmented riparian landscape of Sharitz Run produces equally fragmented water temperature dynamics.  
This represents a challenge for stream network thermal modeling and conservation of thermally sensitive 
species. Our results show clearly the thermal benefits of forested stream buffers, but this is among the first 
studies to quantitatively evaluate how riparian landscape fragmentation affects network-scale patterns of 
temperature.  Conservation and restoration efforts should focus on protecting, improving and connecting riparian 
forest buffers. These actions will allow movement of thermally sensitive aquatic species, which would also 
increase overall available aquatic habitat. Another tangible benefit from the riparian cover restoration includes 
increased structural habitat by the addition of woody debris into the stream from the tree.  
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