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Temperature is Important for 
 Aquatic Organisms Like Fish  

McMahon et al. 2007  

Brown 2004  

Temperature &  
 metabolic rates  

Isaak & Hubert 2004  

In the labé & the field  

Thermal Niche  



Temperature (C) 

Temperature is Important  
 Within Regulatory Contexts  

When & where are  
    TMDL standards met?  



+0.8 ° C during 20 th  Century  

Global Trends in Air Temperatures  

Temperatures are Risingé 



Global Trends in River Temperatures  

Moatar  and Gailhard  2006  

Webb and Nobilus  2007  

Danube River, Austria (1901 ð 2000)  

River Loire, France (1880 ð 2003)  



We Collect Lots of  
 Stream Temperature Data  



Example Stream Temp Database  
Lower Snake Hydrologic Region  

Data  
Providers:  

Å42,000 stream km  
Å6,734 summer observations  
Å2,005 temperature sites  



Olden and Naiman 2009  

Summer is Not the Whole Story  
 Full year temperature data needed  

Annual Temperature Cycle  

Degree Day Chart 2007 - MF Salmon
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Summer ~40% 
of degree days 

Annual Accumulation  
 of Thermal Units  
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Lands Administered by USFS   

 Å193 Million Acres (10% of US)  
Å155 National Forests  
Å500,000 stream kilometers  

Diverse streams  

Remote 
landscapes 



Instrument Accuracy Cost Comments 

Onset TidBit +0.2°C $120 5-yr battery, waterproof, 
large memory, small size, 
temporal record at site 

Maxim 
iButton 

+0.5°C 
 

$20 - $60 1-yr battery, not 
waterproof, custom 
memory, small size, 
temporal record at site 

Hach 
Hydrolab 

+0.1°C 
 

ϷмΣлллΩǎ Large memory, large size, 
temperature + other 
water quality parameters 

FLIR +0.5°C 
 

ϷмлΩлллΩǎ Aerial survey, spatially 
synoptic coverage, no 
temporal record 

Stream Temperature Sensors  



Mountain streams have big snowmelt 
floods each year, buté 

Overcoming Logistical Issues   

they also have 
lots of big 
rocks, soé 

what about glue?  



Underwater Epoxies Evaluated  

Clear winner: Fox Industries FX -764  

ÅAquaMend® from Polymeric Systems Inc. 
ÅAquaStik® from DuPont 
ÅWaterweld from J-B Weld Company 
ÅMr. {ǘƛŎƪȅΩǎ® Underwater Glue from Advanced Adhesion Inc. 
ÅHIT-RE 500 from Hilti 
ÅSea GoinΩ Poxy Putty from Permalite Plastics Corp 
ÅA-788 Splash Zone Underwater Epoxy Putty from Carboline Company  



Easy Application,  
 Cement- Like Adhesion  



Field Trial Assessments:  
 Heat Conduction Effect? NO  

Sensor 

Isaak & Horan 2011. North Amer. J. Fish. Manage.  31:134-137 



Sunlight biases measurements ~0.2 ð 0.5 C  

Field Trial Assessments:  
 Direct Solar Effect? YES  



Inexpensive Solar Shield  
 Neoprene flap + cable ties  

Lead weight 
holds flap down 
in flowing water  



9 of 11 weathered above average floods in spring 2010  

Field Trial Assessments:  
 Durability of Installations?  

Same 
location 



Large Scale Field Assessment  
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NHD+ Stream Slope 

Pred Retention Obs Retention (n = 86) 

Å300 sensors deployed in 2010  
ÅStream slopes ranging from 0.1% - 16% 

Å86 sensors revisited in 2011  
Å74% average retention success  
Å85% retention in slopes < 3%  



Example Field Deployments  
Direct sensor attachment method  



Example Field Deployments  
PVC container method  

Advantages:  
 Easy sensor replacement  
 Easy data downloads 
 Sensor protection  
 Solar shielding  

Disadvantages: 
 Retention rate?  



Easy Method for Full Year Data  
 Equipment List  

a) Epoxy 
b) Data shuttle (optional)  
c) Metal tag  
d) Temperature sensor  
e) Wire brush  
f) Rubber gloves  
g) Plastic view box  



Easy Method for Full Year Data  
 Underwater Epoxy Protocol  

Data retrieved  
 from underwater  

Underwater epoxy cement  

$100 = 5 years of data  

Annual Flooding Concerns 

Sensors or protective housings 
glued to large boulders  



Regional Temperature Sensor Network  
2,160 Current full - year monitoring sites  

+1,000 New sites in 2011  


