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ABSTRACT 
 
MacMillan, J.L., D. Caissie, J.E. LeBlanc and T.J. Crandlemere. 2005. Characterization of 

summer water temperatures for 312 selected sites in Nova Scotia.  Can. Tech. Rep. 
Fish. Aquat. Sci. 2582: 43p. 

 
Water temperature plays an important role in the overall health of aquatic 

ecosystems.  It influences most physical, chemical and biological processes of the river 
environment, including the distribution of fishes and the growth rates of many aquatic 
organisms.  Therefore, a good understanding of the thermal regime of rivers is essential 
for the management of fish habitat.   

In the present study, water temperature sensors were installed in 312 sites 
across the province of Nova Scotia during the summers of 2000, 2001 and 2002.  Water 
temperature sites were selected in each of the six Recreational Fishing Areas (RFAs) to 
best represent thermal habitat conditions in each fishing area of the province.  Water 
temperatures were collected at 30 minute intervals and sites were divided into 
stationary or non-stationary sites.  Stationary sites were sampled during the summer 
period from June 15 to September 5, whereas data were collected for a shorter period 
of time at non-stationary sites.  At non-stationary sites, loggers were systematically 
moved to different sites to cover as many sites as possible.  Thereafter, water 
temperatures at non-stationary sites were extended for the whole summer period using 
regression analysis.  This method permitted the coverage of a wide range of river sizes 
as well as different meteorological and thermal conditions within the province.  A 
classification of water temperature was developed and sites were assigned as cool (< 
16.5°C), intermediate (16.5-18.9°C) or warm temperature sites (> 18.9°C). 
 Results showed that both cool and intermediate temperature sites constituted 95 
sites (30.5%) for a total of 61% of the sites whereas 122 (39%) sites were classified as 
warm temperature sites.  A good relationship was observed between the mean summer 
water temperature and the maximum daily summer water temperature.  The number of 
days that the water temperature exceeded 20°C was also highly correlated with the 
mean summer water temperature for intermediate and warm temperature sites.  In most 
cases, cool water temperature sites did not exceed 20°C.  It is estimated that under 
climate change and with an increase in water temperature of +2°C, the distribution of 
cool, intermediate and warm temperature sites will change significantly.  As such, cool 
water temperature sites would decrease to 15% (47 sites) followed by 23% (72 sites) 
intermediate water temperature sites and warm water sites would increase to 62% (193 
sites).  A discussion is provided on the importance of cool water temperature sites for 
salmonid habitat as well as the potential impacts of climate change. 
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RÉSUMÉ 
 
MacMillan, J.L., D. Caissie, J.E. LeBlanc and T.J. Crandlemere. 2005. Characterization of 

summer water temperatures for 312 selected sites in Nova Scotia.  Can. Tech. Rep. 
Fish. Aquat. Sci. 2582: 43p. 

 
 La température de l’eau joue un rôle important au niveau de la santé globale des 
écosystèmes aquatiques.  Par exemple,  elle influence la plupart des processus physiques, 
chimiques et biologiques des cours d’eau ainsi que la distribution des espèces et la 
croissance de plusieurs organismes aquatiques.  Alors, une compréhension des processus 
thermiques en rivière est essentielle pour une gestion efficace de l’habitat du poisson.   
 Dans la présente étude, 312 capteurs de température de l’eau ont été installés 
en Nouvelle-Écosse pendant les périodes estivales 2000, 2001 et 2002.  Les sites 
d’analyse de la température de l’eau ont été choisis afin de bien représenter les 
conditions thermiques des six régions de pêches récréatives (RPRs) de la province.  La 
température de l’eau a été mesurée à des intervalles de 30 minutes et les sites ont été 
divisés en sites stationnaires et sites non stationnaires.  La température de l’eau a été 
mesurée aux sites stationnaires durant la période de l’été, c’est-à-dire du 15 juin au 5 
septembre, tandis que la température de l’eau a été mesurée pour une plus courte 
durée aux sites non stationnaires.  Pour les sites non stationnaires, les capteurs de 
températures ont été déplacés systématiquement à différents sites afin d’échantillonner 
un plus grand nombre de sites possible.  Par après, les températures aux sites non 
stationnaires ont été calculées pour toute le période de l’été en utilisant les 
températures des sites stationnaires et une analyse de régression.  Cette méthode a 
permis d’effectuer une analyse de la température de l’eau pour un plus grand nombre 
de sites couvrant plusieurs rivières et conditions météorologiques de la province.  Une 
classification des sites de températures a été effectuée, soit les sites froids (< 16.5°C), 
sites intermédiaires (16.5-18.9°C) et les sites de températures d’eau chaudes (> 
18.9°C). 
 Les résultats démontrèrent que les sites de températures froides et 
intermédiaires constituaient chacun 95 sites (30.5%), soit de 61% des sites au total, 
alors que 122 sites (39%) étaient classifiés comme sites de températures chaudes.  
Une bonne relation a été observée entre la température moyenne de l’eau et la 
température maximale durant la période estivale.   Également, le nombre de jour avec 
une température de l’eau supérieure à 20°C démontra une bonne corrélation avec la 
température moyenne estivale pour les sites intermédiaires et chauds.  Il a été estimé 
que pour des conditions de changement climatique, c’est-à-dire en ajoutant +2 °C à la 
température de l’eau pour chaque site, le nombre de sites froids, intermédiaires et 
chauds serait grandement modifié au niveau de la province.  Par exemple, le nombre 
de sites froids pourrait diminuer à 15% (47 sites) suivi de 23% pour les sites 
intermédiaires (72 sites) tandis que les sites chauds augmenteraient à 62% (193 sites).  
Une discussion sur l’importance des sites d’eau de température froide pour les 
salmonidés ainsi que sur l’impact potentiel du changement climatique a été fournie.



 
 

1.0 INTRODUCTION 

 Water temperature is one of the important parameters in stream ecology which 

determines the overall heath of aquatic ecosystems.  It influences the growth rate of 

aquatic organisms (Elliott and Hurley 1997; Edwards et al. 1979) as well as their 

distribution within rivers (Ebersole et al. 2003).  Water temperatures can also have 

adverse impacts on aquatic habitat especially when they are outside the optimal thermal 

range (Coutant 1977).  For example, high water temperatures can result in fish 

mortalities by impacting directly on fish populations and indirectly by limiting fish 

production in rivers.  During high temperature events, fish often seek out thermal refugia 

near cold water springs or at the mouth of groundwater-fed tributaries (Torgersen et al. 

1999).  Brook trout (Salvelinus fontinalis), brown trout (Salmo trutta), and Atlantic salmon 

(Salmo salar) are members of the salmonid family that need cool water to survive.  For 

example, brook trout are among the most sensitive salmonids to warm water and usually 

avoid temperatures greater than 20oC, whereas brown trout and Atlantic salmon are 

slightly more tolerant of warmer waters (Lee and Rinne 1980; Garside 1973).   

 

 Land use practices and development activities have been responsible for 

increased water temperatures in many rivers throughout North America (Beschta et al. 

1987; Mitchell 1999). The removal of streamside vegetation has been shown to 

significantly increase water temperatures due to increased solar input directly at the 

water surface.  Climate change is also expected to result in warmer air temperature and 

reduced summer flows which will ultimately result in high stream temperatures.  These 

changes to the thermal regime of rivers due to climate change could potentially impact 

on the distribution of fish as well as thermal habitat structure as noted in some studies 

(Minns et al. 1995; Schindler 2001).   

 

 The purpose of this study is to better understand how salmonid habitat can be 

potentially affected by warm water temperatures.  Although the thermal regime of rivers 

plays a key role in fish habitat preference and utilisation, very few studies investigated 

the spatial variability of river water temperatures on a province-wide basis to 

characterize cold water vs. warm water temperature sites.  Therefore, the objective of 
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the present study is to characterize stream water temperatures for many sites 

throughout the province of Nova Scotia and to classify these sites into cool, intermediate 

and warm water temperature sites.  Important river thermal indices such as the mean 

summer water temperature, the maximum daily water temperature and the number of 

days for which the water temperature exceeded 20°C will also be quantified.   

 

 Under a climate change scenario (2 X CO2), air temperatures in the Maritime 

Provinces are projected to increase by 4-6°C in the next 80-100 years (Parks Canada 

1999).  Because air and water temperatures are highly linked (Mohseni and Stefan 

1999), it is suspected that climate change will also result in warmer water temperatures 

throughout the study area.  The level of increase can be dependant on many river 

factors as well as site specific variables; however this study will look at the impact of a 

hypothetical increase in water temperature of 2°C on the overall thermal habitat 

conditions.  This level of increase is not beyond the range of potential increases given 

the above air temperature climate change projections and the linear association 

between air and water temperatures (Pilgram et al. 1998).  This information will help our 

understanding of stream water temperature across river basins and will also improve our 

knowledge of critical thermal habitats for Nova Scotia’s streams.  

 

2.0 MATERIALS AND METHODS 

 

 Currently available water temperature recorders (or mini loggers) provide a highly 

effective method for the characterization of water temperatures over a time series for 

specific sites within river ecosystems.  In addition, some of these water temperature 

sites can be highly correlated among themselves within a river basin as they are often 

subject to similar meteorological conditions.  Under these conditions, water 

temperatures from a particular site can be used to supplement data at other water 

temperatures sites (i.e., using regression analysis) for periods when data are not 

available.  This approach of extrapolating water temperature data from one site to 

another can be an effective means to increase the spatial representation of water 

temperature sites using fewer data loggers.  This approach was used in this study to 
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capture the summer thermal habitat characteristics for a wide range of sites across the 

province of Nova Scotia.  

 

 A total 312 sites were instrumented with water temperature mini loggers 

(VEMCOTM) during the summers of 2000, 2001, and 2002.  These sites were distributed 

throughout the province in 30 selected areas (Figure 1), which covered a total of 34 

rivers.  Water temperature sites were selected in each of the six Recreational Fishing 

Areas (RFAs) to best represent thermal habitat conditions in each fishing area of the 

province. 

 

 A number of sites were selected to calibrate and validate a water temperature 

model, which was thereafter used to simulate water temperature at other sites.  This 

model consisted of a simple regression model based on water temperature 

measurements taken every 30 minutes.  The water temperature model was initially 

calibrated and validated for 19 sites within the following river systems (East and West 

River of Pictou as well as Canard, Pereaux and Habitant rivers).  The model was 

calibrated using 5-10 days of water temperature data (taken every 30 minutes) during 

one summer and it was then validated using data from another summer.  The validation 

consisted of using an independent data set to effectively test the predictability of the 

model (i.e., using data that were not used in the model calibration).  The validation data 

covered a period of approximately 4-83 days of water temperature data depending on 

the station. 

 

 The following equation was used for the water temperature calculation: 

 

 

[1]    bWTaWT ObsEst +=  
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where WTEst is the water temperature at the estimated site, WTObs is the water 

temperature at the observation site, a and b are regression coefficients. 

 

 The coefficient of determination, r2, was calculated for each regression equation, 

which showed the percentage of variance explained by the model.  The mean water 

temperature was calculated during both the calibration and validation periods and they 

were compared.  The difference between observed and predicted water temperatures 

(or the mean difference) was also calculated for each period (i.e., calibration and 

validation) to provide information on the relative bias of the water temperature model.  

The root-mean-square error (RMSE) is another performance criterion which is often 

used in water temperature modelling studies (Caissie et al. 2001) and it was also used in 

the present study.  This criterion informs on the average magnitude of the water 

temperature errors.   

 

The RMSE is given by the following equation: 

 

[2]    
N

)OP(
RMSE

N

1i

2
ii∑

=

−
=  

 

where Pi and Oi are the predicted and observed water temperatures respectively, N 

represents the number of observations. 

 

 After the water temperature model was calibrated and validated, it was then used 

to extrapolate water temperatures at different sites using water temperatures from 

specific sites.  For instance, within each river system at least one water temperature site 

was stationary while many other sites were mobile or non-stationary. At the stationary 

sites, water temperatures were monitored during the whole summer season, i.e., June 

15 to September 5 (for most sites).  At the non-stationary sites mini loggers were 

generally installed for a shorter period of time, ranging from 4-33 days, and they were 

systematically moved to a different location during the summer in order to cover as 
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many sites as possible.  Thereafter, water temperatures at the non-stationary sites were 

extended for the whole summer period using water temperatures from the stationary 

sites and the above water temperature model.   With this approach, it was possible to 

monitor water temperatures for 312 sites in the Province of Nova Scotia, covering a wide 

range of river sizes as well as different meteorological and thermal conditions. 

 

 From a biological perspective, the number of days for which the water 

temperature exceeds 20°C can be an important indicator of the level stress experienced 

by fishes (e.g. trout and other cold water species).  As such, the number of days with 

water temperature exceeding 20°C was calculated for each study sites.  In addition, 

every site was also ranked based on their mean summer water temperature.  Each site 

was also classified into three thermal categories: cool, intermediate and warm 

temperature sites.  Cool water sites had a mean summer water temperature less than 

16.5°C.  Intermediate sites had a mean summer water temperature between 16.5-

18.9°C while warm sites had a mean summer water temperature greater than 18.9°C.   

 

3.0 RESULTS 

 

 The Nova Scotia water temperature monitoring project involved the work of many 

volunteers and community-based organizations (Table 1).  Water temperature data were 

collected in many rivers and covered every county in the province (Figure 1).   

 

 Results for the water temperature model are presented in Table 2 (for 19 sites 

within the East and West River Pictou, Pereaux, Canard and Habitant rivers during 

2000-02).  This table provides information on both the calibration and the validation 

periods.  The regression equations were provided in this table and y represents the 

estimated water temperature (WTEst) while x represents the observed water temperature 

(WTObs) during the calibration period (see equation [1]). For example, during the 

calibration period the coefficient of determination, r2, varied between 0.43 (Upper Dyke 

Tributary, 2002) to 0.93 (Sleepy Hollow Brook, 2002), both within the Canard River 

system.  The average coefficient of determination among sites was calculated at 0.74, 
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which means that over 74% of the water temperature variability can be explained using 

the water temperature regression model.   

 

 Mean summer water temperatures (actual or observed mean value) at the 

different sites varied between 13.2°C (Sanford Brook, 2002) to 20.6°C (Upper Dyke 

Tributary, 2002), with an average value of 16.7°C (Table 2).  It was noted that the 

predicted water temperatures during the calibration period were very similar to observed 

values with a mean difference of 0.02°C.  In fact, most sites had a mean difference of 

less than 0.05°C.  The mean differences for the East and West rivers were very small 

during both years.  The highest mean difference was observed at the Upper Dyke 

Tributary in 2001 with a value of 0.25°C.   

 

 The associated error for the water temperature modelling was expressed by the 

RMSE, which ranged between 0.4°C (Eight Mile Brook and Main Branch @ Highway 

358, both in 2001) and 1.7°C (Reid Road tributary 2001).  The overall RMSE for the 

study sites was calculated at 0.84°C during the calibration period. 

 

 The validation period consisted of using data from a different year than that used 

for the calibration to test the model’s performance.  Results of the analysis are 

presented in Table 2.  The water temperature (mean overall) during the validation period 

was calculated at 16.7°C and identical to the value calculated during the calibration 

period.  A comparison of overall mean water temperatures (observed vs. predicted) at 

the different sites showed almost identical results as well (16.7°C vs. 16.6°C). The mean 

difference in water temperatures was slightly higher during the validation period at 

0.48°C compared to the calibration period.  In addition, the maximum mean difference 

was observed at 1.3 °C  (site on the Main Branch @ Highway 358, 2002), although  

most sites showed values less than 1°C.   The mean RMSE was also higher during the 

validation period at 1.10°C, with a maximum value of 1.7°C (Six Mile Brook, 2000; Reid 

Road Tributary, 2001).  These results show that the water temperature regression model 

can be an effective tool to simulate water temperature at different sites with water 

temperature errors generally less than 1°C.  Furthermore, the calculated mean summer 
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water temperature using this particular model will most likely result in a mean water 

temperature less than 0.5°C of actual measured value. 

  

 Using the above water temperature model, many other sites were analyzed 

throughout the province of Nova Scotia.  Water temperature data from stationary sites, 

usually located within the main river, were used to extend water temperatures at the 

non-stationary sites (i.e., mostly located on tributaries).  The application of the water 

temperature model will be illustrated using the data from the East River of Pictou 

(stationary site) and the Thompson Brook (non-stationary site) (Figure 2).  For example, 

the East river of Pictou water temperature time series in 2000 was monitored from June 

15 to September 5 (Figure 2a).  During that period, 58 days with water temperature 

exceeding 20°C were observed.  The water temperature time series at Thompson Brook 

relative to the data observed at East River of Pictou are presented in Figure 2b.  At 

Thompson Brook data were collected from June 23-30, 2000.  A regression analysis 

was carried out for a period of 8 days (328 measurements with concurrent data 

monitoring) and results are provided in Figure 2c.  The coefficient of determination was 

calculated at 0.90.  Following the model development, both monitored and predicted 

water temperatures at Thompson Brook are presented with corresponding water 

temperatures at East River of Pictou (Figure 2d).  With the extended water temperature 

time series at Thompson Brook, it was possible to calculate the mean summer water 

temperature (15.7°C for the whole summer) as well as other important thermal 

characteristics.   

 

 The above procedure of extending water temperature data from stationary sites 

to non-stationary sites for the whole summer was carried out throughout the province of 

Nova Scotia.  Results of this analysis are presented in Table 3 for 312 sites (stationary 

and non-stationary sites).  This table presents the year of analysis as well as the 

topographic map used to locate the site.  Latitude and longitude for each site were 

provided.  For example, the Annapolis River site was located at 4458  6501 (Table 3) 

which means a latitude of 44° 58’ and a longitude of 65° 01’.   
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 The number of days that the water temperature exceeded 20 °C during the 

summer period was also calculated (Table 3).   Information related to the period of 

actual water temperature monitoring was provided in terms of duration in days (e.g., 15 

June to 05 Sept; Annapolis River) as well as the number of water temperature 

measurements taken during that period.  The regression equation as well as the 

coefficient of determination was then provided for each site.  It should be noted that the 

regression equation presented in Table 3 was also based on equation [1].  The y value 

in this case represents the water temperature estimate (WTEst) at the non-stationary site 

while the x value represents the water temperature observation (WTObs) at the stationary 

site.  Based on the regression analysis and water temperature predictions, the mean 

summer water temperature and the maximum daily water temperature were calculated 

for each site.  With this information, each site was assigned a ranking number from the 

coldest to the warmest site (based on the mean summer water temperatures).  For 

example, the coldest site was Coldstream (MacDonald Brook) within the Middle River at 

10.1°C (site number 1) whereas the warmest site was at Rhyno Lake Outflow (part of 

the LaHave River) at 24.2°C (site 312; Table 3). 

 

 A further analysis of the water temperature sites revealed that there were a 

similar number of cool, intermediate and warm sites (Figure 3), although that they were 

not evenly distributed throughout the provinces (Figure 4).  In total, cool sites accounted 

for 95 sites or 30.5% of the sites studied.  Very few cool sites had water temperatures 

less than 11.5°C (5 sites).  A total of 35 sites had water temperatures in the range of 

11.5-13.9°C while 55 sites were in the range of 14-16.4°C.   Most sites were observed in 

the range of 16.5-18.9°C (95 sites; 30.5% of the sites), which identified the intermediate 

water temperature conditions.  This category was closely followed by the number of sites 

in the 19.0-21.4°C range (80 sites), while fewer sites were observed for water 

temperature warmer than 21.5°C (42 sites).  In total, 122 sites or 39% of the studied 

sites were classified as warm temperature sites.  As shown on Figure 4, most warm 

temperature sites were found in the south western part of the province whereas most 

cool temperature sites were mostly in northern areas, i.e., the mid-section of the 
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province and in Cape Breton.  Intermediate temperature sites were found throughout the 

province. 

 

 An analysis was also carried out to study the relationship between the mean 

summer water temperature as a function of the maximum daily temperature for every 

site (Figure 5).  This regression analysis showed a relatively good relation between 

these two variables with a coefficient of determination of 0.84.  The following equation 

was calculated: WTmax = 1.13 WTmean + 1.17 (N=312).  The relationship represents the 

cool temperature sites better than the warm temperature sites.  The warm temperature 

sites tend to have more scatter around the regression line (especially noticeable at high 

temperatures, >20°C).  Also, the slope of the regression line was calculated at 1.1 and 

this shows that the difference between the maximum water temperature and the mean 

summer temperature increases with temperatures.  For example, at a mean summer 

water temperature of 10°C the maximum water temperature is on average 2.5°C warmer 

(i.e., 12.5 °C) and at 20°C this difference increases to 3.8 °C (Figure 5).    

 

 The number of days with water temperatures exceeding 20°C as a function of the 

mean summer water temperature is illustrated on Figure 6.  These results showed that 

for sites with mean summer water temperature less than 16.5°C, very few days were 

observed with temperatures exceeding 20°C.  Conversely, for sites with water 

temperatures greater than 17.5°C, it appears that the number of days increased linearly 

as a function of mean summer temperatures.  This relationship was most evident for 

summer temperature ranging between 18°C and 21°C.  At temperatures below and 

above these values, the relationship was still apparent but with an increased scatter of 

data points around the fitted line.  From this figure, it was estimated that the number of 

days with water temperatures > 20 °C increased at a rate of approximately 16 days per 

°C for temperatures above 17.4 °C.  It was also apparent from this figure that the 

number of days with water temperature > 20°C levels off at approximately 80 days for 

higher water temperature sites.  This maximum duration of approximately 80 days is 

consistent with the period of study, i.e., between June 15 and September 5 or 82 days. 
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 The last analysis consists of studying the impact of an increase in air temperature 

on water temperatures due to climate change.  The projected increase in air 

temperature using Global Circulation Models (CGMs) results for this region is 4-6°C 

(Parks Canada 1999), therefore, a hypothetical increase of 2°C for water temperatures 

at all sites was deemed reasonable to study potential impacts due to climate change.  

Results showed that an increase of 2°C for each site due to climate change would 

significantly modify the thermal habitat conditions in Nova Scotia.  For example, the 

number of cool water sites is projected to be the most impacted with a decrease in 

number by approximately half, i.e., from 95 sites to 47 (Figure 7).  The number of 

intermediate sites is projected to decrease slightly from 95 to 72 sites while the number 

of warm water temperature sites is projected to increase significantly by over 58%, i.e., 

from 122 sites (currently) to a potential of 193 sites. 

 

4.0 DISCUSSION 

 

 This study focused on the characterization of summer water temperature for 

numerous sites across the province of Nova Scotia (period of June 15 to September 5).  

Water temperatures were not available at all sites for the whole summer period; 

therefore a water temperature model was developed, tested and used to extend the data 

time series for a number of sites.  The model was initially tested using 19 sites within the 

East and West River Pictou, Pereaux, Canard and Habitant rivers during 2000-02.    

Results indicated that water temperatures could be predicted with a mean difference of 

0.02-0.48°C for mean summer temperatures (Table 2).  Also, modelling errors, 

expressed as the root-mean-square error (RMSE), were generally less than 1-1.5 °C.  

Water temperature regression models have been used in the past to predict water 

temperatures (Smith 1981; Mackey and Berrie 1991; Pilgrim et al. 1998) and results 

were similar to those of the present study.  Based on these modelling performances, the 

regression model was then used to calculate water temperatures at non-stationary sites 

using data from stationary sites.  Summer water temperature was estimated for 312 

sites in Nova Scotia. 
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 Results indicated that approximately 61% of the study sites were either cool or 

intermediate water temperature sites.  The remaining sites (warm temperature sites) 

constituted approximately 39% of the 312 sampled sites.   Warm temperature sites are 

usually located within the main river system while the colder water temperature sites are 

generally found in small tributaries.  For example, cold water tributaries are often 

observed in small headwater streams, which can constitute important habitat for 

salmonids.  In fact, these smaller headwater streams, also rich in groundwater, have 

been found to be very important for trout as reported by Benson (1953).  For example, 

he showed that groundwater fed tributaries tended to have less extreme water 

temperature, i.e., colder in summer and warm in winter, and that cool water sites were 

very productive in terms of trout spawning habitat.  Alternatively, warm water 

temperature sites are often observed in lower section of rivers, with temperatures that 

can reach values of 29-31 °C (Huntsman 1946; Caissie 2000).  Under such conditions, 

Huntsman (1946) has shown that different species of fish can experience significant 

mortalities.  

 

 The results pertaining to the spatial variability of summer temperatures indicated 

that water temperatures from cool sites rarely exceeded 20 °C. Cool water temperature 

sites are most likely good trout habitat.  Intermediate water temperature sites generally 

exceeded 20°C; however for a period less than 30 days.  Warm temperature sites 

exceeded 20°C for prolonged periods of time in summer (30-80 days), potentially 

resulting in a restriction of suitable habitat for salmonids.  When water warms to stressful 

levels, studies have shown that many individuals in salmonid populations can migrate 

and/or aggregate to cooler areas (Kaya et al. 1977; Cunjak et al. 1993; Ebersole et al. 

2001).  For example, Brook trout have been observed to seek coldwater tributaries 

during period of high water temperatures (Cunjak et al. 1993).  They showed that when 

water temperatures reached 23-24°C within the main river (i.e., Little Southwest 

Miramichi River), salmonids moved temporarily into smaller tributaries (e.g., Catamaran 

Brook).  Elson (1942) also reported that brook trout migrated from warm water (21°C) of 

Lake Ainslie, Nova Scotia, into cool streams (12-15°C).  Other studies have shown that 

salmonids seek cold water patches (e.g., upwelling cold water in pools) within the river 
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when water temperature becomes excessive (Matthews and Berg 1997).  Thermal 

restriction of habitat can result in overcrowding of fish in cool water sites or refugia at 

high water temperatures (Ebsersole et al. 2001).  Their study showed that 10-40% of the 

fish were observed near cold water patches during midday.  In many cases, coldwater 

patches can be 5 °C cooler than ambient river conditions.  Coldwater areas or patches 

have been characterized by Ebsersole et al. (2003) and they have been classified in 

cold water tributaries, lateral seeps, deep pools and cold alcoves (or backwater areas).  

Deep pools (with a cold water source) have been shown to be important thermal refugia 

for trout even when low dissolved oxygen content is present (Bilby 1984; Matthews et al. 

1994).  In fact, when faced with a choice, trout seems to prefer low water temperatures 

despite the fact that it can be associated with low dissolved oxygen (Matthews and Berg 

1997). It is suspected that such aggregation of fish during high water temperatures could 

be more susceptible to predation, parasites, disease transmission, and over fishing 

(Coutant 1987).  In Nova Scotia, approximately 30% of the study sites rarely exceeded 

20°C, which makes them very good habitat for cold water species.  Intermediate water 

temperature sites can have suitable thermal habitat for coldwater species provided that 

these streams have cold water patches during high temperature events.  Warm water 

temperature sites with temperature exceeding 20°C between 30 and 80 days during the 

summer are probably not suitable for salmonids, unless thermal refugia are present in 

these river systems. 

 

 For the warm water temperature sites, adverse physiological effects on salmonid 

population can be suspected especially during warm summers.  For instance, recent 

studies have shown that high water temperatures can have an impact on the 

development of juvenile salmonids (Lund et al. 2002).  They showed that high summer 

water temperatures can cause significant protein damage and induce a heat-shock 

response as well.   Warm temperatures can have adverse physiology effects and 

influence the survival of Atlantic salmon when angled during high temperature events 

(Wilkie et al. 1996).  Data collected in the present study on the distribution of cool vs. 

warm temperature sites could be useful in the future to develop maps of suitable thermal 

habitat.  Such maps could be used as guides for future habitat enhancement efforts and 
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regulatory changes to help stressed populations.  Beneficial initiatives could also be 

directed toward those areas that may be of critical importance to the summer survival of 

cold water fish populations.   

   

 Climate change is expected to significantly modify current thermal habitat 

structure in Canada (Schindler 2001).  It could have adverse effect on both water 

quantity and quality, which will impact aquatic resources.  Higher air temperatures will 

also result in warm river temperatures, which may adversely affect growth of salmonids 

in this region (Swansburg et al. 2002).  To demonstrate the sensitivity of the cool water 

sites to temperature change and potential climate change, 2°C were added to the 

summer average water temperature of the 312 sites surveyed.  This study showed that 

a 2°C increase could result in a 50% loss in the number of cool water sites and a 58% 

increase in the number of warm water sites, while the number of intermediate sites is 

projected to decrease slightly by approximately 24%.  Results indicate that climate 

warming could potentially have the most profound impact on cold water habitat structure 

in the future for Nova Scotia streams.  Other studies have shown that climate change 

will most likely modify the thermal habitat distribution in the future.  For instance, Keleher 

and Rahel (1996) demonstrated that trout habitat could be reduced from 16-70% in the 

Rocky Mountain region depending on the projected increases in air temperatures.  They 

also pointed out that as a result of climate change, coldwater species could be restricted 

to high elevations within the Rocky Mountains (where water temperatures may not reach 

lethal values).  Eaton and Scheller (1996) showed similar reduction in habitat due to 

potential climate change.  They considered 57 freshwater species and showed a 

potential reduction of 57% of coldwater habitats. It is therefore important to monitor and 

model water temperatures in rivers under future climate scenarios to better understand 

the thermal regime of small and larger rivers alike. 

 

 In order to protect existing thermal habitat conditions within the province, it is 

important that current land use practices be evaluated in relation to current cool water 

temperature sites to protect buffer zones around these streams.  In many situations, 

these small streams and brooks that remain cool are vital to the survival of trout in 
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summer.  Poor land use practices may result in a reduction in the size of buffer (riparian) 

zones around streams that provide shade, maintain bank stability and ultimately 

maintain cooler water.  Protecting and establishing buffer zones could result in a 

considerable improvement for salmonid populations that must use small, cool areas in 

the summer.  Angling regulations have been used to protect populations of trout 

restricted to cool water refugia.  These need to be maintained and enhanced where 

required.  For example, Trout Brook, a tributary of Lake Ainslie in Margaree River is a 

well known cool water refuge for trout in summer and special regulations have been 

used to protect trout in this area.  The present study reported on data pertaining to the 

classification and distribution of water temperature sites within the province of Nova 

Scotia.  The potential impact of climate warming was also considered in this study with a 

focus on the distribution of cool, intermediate, and warm temperature sites.  Climate 

change issues will undoubtedly become more important with increasing global 

temperatures.  In general, coldwater habitats remain a key component in the overall 

heath of our aquatic ecosystems, which we need to protect for future generations. 
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Figure 5.  Summer mean water temperature and the warmest daily mean
water temperature for the period between 15 June to 5 September, 2000-2002.

Figure 6.  The number of days when the daily water temperature exceeded 20oC  
for the period between 15 June to 5 September in 312 sites, Nova Scotia, 2000-2002.
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Figure 7. Estimated change in the number of sites in each thermal category after a 2oC increase
in mean summer water temperature between 15 June - 5 September, Nova Scotia, 2000-2002.
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