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Project GoalProject Goal

Identify thermal regimes found in high quality Identify thermal regimes found in high quality 
coldwater streams in order to improve temperature coldwater streams in order to improve temperature 
monitoring and state temperature TMDL targets monitoring and state temperature TMDL targets 
throughout New England.throughout New England.


 

NH and MA have ongoing stream temperature NH and MA have ongoing stream temperature 
monitoring initiatives. monitoring initiatives. 



 

Significant database of stream water temperature, Significant database of stream water temperature, 
associated habitat and aquatic ecosystem associated habitat and aquatic ecosystem 
characterization. characterization. 
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Thermal Regime and FishThermal Regime and Fish



 

Fish Species PreferenceFish Species Preference


 

ColdwaterColdwater
 NH Examples: NH Examples: Brook Trout, Slimy Brook Trout, Slimy 

SculpinSculpin, Brown Trout, Lake Chub, , Brown Trout, Lake Chub, 
LongnoseLongnose

 
Sucker, Northern Sucker, Northern RedbellyRedbelly

 Dace, Rainbow TroutDace, Rainbow Trout


 

EurythermalEurythermal
 

(tolerating a wide range (tolerating a wide range 
of temperature) of temperature) 
NH Examples: Common Shiner, NH Examples: Common Shiner, 
Creek Chub, Eastern Creek Chub, Eastern BlacknoseBlacknose

 
Dace, Dace, 

Fallfish, Fallfish, LongnoseLongnose
 

dace, White Suckerdace, White Sucker
Pictures Credit:

NJ Freshwater Fish Identification

http://members.tripod.com/~jcianci/trout.html
http://members.tripod.com/~jcianci/trout.html
http://members.tripod.com/~jcianci/carp.html
http://members.tripod.com/~jcianci/carp.html


Thermal Regime and Water QualityThermal Regime and Water Quality



 

Dissolved Oxygen Dissolved Oxygen 


 

Inverse relationship between DO and temperatureInverse relationship between DO and temperature


 

Warm water may cause the fish's DO demand to Warm water may cause the fish's DO demand to 
increase. increase. 



 

PhotosynthesisPhotosynthesis


 

Cool waters slow the growth of bacteria and algaeCool waters slow the growth of bacteria and algae


 

Warm water enhances algal growthWarm water enhances algal growth


 

Water ChemistryWater Chemistry


 

Increased plant growth can decease DO Increased plant growth can decease DO 


 

Increasing temperature decreases pHIncreasing temperature decreases pH


 

Water Turbidity and Sediment LoadsWater Turbidity and Sediment Loads


 

Aquatic OrganismsAquatic Organisms


 

Species abundance and diversity Species abundance and diversity 
Coldwater species include mColdwater species include mayflies, caddisflies



 

Timing of reproduction, migration and aestivation

Overview

 

Case Study 1 Case Study 2 Modeling

Pictures Credit: Bluegreen

 

bloom, 
Upper Saranac Lake, 10/90 
(source: R. Handler, MD) 
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Why are coldwater streams cold?Why are coldwater streams cold?
 Regional ScaleRegional Scale

Geographic Position or Ecoregions


 

Coldwater fisheries in the Northeastern Highlands 


 

Warm-water fisheries Northeastern Coastal Zone

Topography


 

Cold-water fisheries had a minimum mean basin elevation 
of 190 ft; the maximum mean monthly temperature of 
streams at this elevation typically did not exceed 20ooCC.

Size or Stream Order


 

Headwater streams often have low temperature and high 
dissolved oxygen
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Why are coldwater Why are coldwater 
streams cold?streams cold?

 Finer scaleFiner scale

Dense forest canopy
Groundwater flow
HyporheicHyporheic

 
zone exchangezone exchange
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NH Cold Water Fisheries ThreatsNH Cold Water Fisheries Threats


 

Water withdrawals,


 

suburban and urban development,


 

poorly designed stream crossings, 


 

acid rain, and


 

dams.

Source: State of New Hampshire
Wildlife Journal, 2006
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Regional Scale Regional Scale 
by Temperatureby Temperature

Max. Average Monthly TempMax. Average Monthly Temp

••
 

Coldwater: < 19 Coldwater: < 19 --
 

2222ooC C 
(65(65--7272ooF)F)

••1919ooC (Chu et al. 2008, Carpenter NHF&G)C (Chu et al. 2008, Carpenter NHF&G)
••2222ooC (Neumann et al., 2006)C (Neumann et al., 2006)
••2020ooC (Massachusetts)C (Massachusetts)

•• Cool (Mixed) WaterCool (Mixed) Water
•• Warm Water: 22Warm Water: 22ooC (72C (72ooF)F)
••

 
Upper Lethal TempUpper Lethal Temp

 2525--3030ooC (77C (77--8686ooF)F)
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NE Regional Scale TaxonomyNE Regional Scale Taxonomy
 Northeast Aquatic Habitat Classification System 2008

Source: 
Olivero

 

and Anderson
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NHDES Regional Scale NHDES Regional Scale 
Coldwater Fish Index of Biological IntegrityColdwater Fish Index of Biological Integrity

D. Neils, NHDES
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EPA Water Quality CriteriaEPA Water Quality Criteria



 

The CWA Section 305(b) requires states to report to 
EPA on the quality of all surface waters every two 
years. Specifically, 305(b)(B) requires a report on the 
extent to which all surface waters support aquatic life 
and recreation.



 

For any time of year, there are two upper limiting 
temperatures

 
for a location (based on the important 

sensitive species found there at that time): (1) A 
maximum temperature for short exposures

 
that is 

time dependent and is given by a species specific 
equation; (2) the second value is a limit on the weekly 
average temperature

 
(see Gold Book).
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Water Quality CriteriaWater Quality Criteria



 

NH: 


 

Class A -

 

There shall be no change in temperature

 

unless naturally occurring.


 

Class B-

 

Any stream temperature increase associated with the discharge of treated sewage, 
waste or cooling water, water diversions, or releases shall not be such as to appreciably 
interfere with the uses assigned to this class. In prescribing minimum treatment provisions 
for thermal wastes discharged to interstate waters, the department shall adhere to the water 
quality requirements and recommendations of the NH Fish and Game

 

Department, 
NEIWPCC, or the U.S. EPA.



 

MA: Shall not exceed 68 degrees F in cold water fisheries, nor 83 degrees F in warm 
water fisheries, and the rise in temperature due to discharge shall not exceed 1.5 (3 Class 
B) degrees F in

 

rivers and streams designated as cold water fisheries, nor 1.5 (5 Class B) 
degrees F in rivers and streams designated as warm water fisheries. Natural seasonal and 
daily variations

 

shall be maintained. There shall be no changes from background that would 
impair any use assigned to this Class, including site-specific limits necessary to protect normal 
species diversity, successful migration, reproductive functions or growth of aquatic organisms.



 

VT: The change or rate of change in temperature, either upward or downward, shall be 
controlled to ensure full support of aquatic biota, wildlife, and aquatic habitat uses. 


 

Cold Water Habitat: The increase from the ambient temperature due to all discharges/activities shall 
not exceed 1.0 degree F.
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What’s the temperature of a What’s the temperature of a 
coldwater stream?coldwater stream?



 
Step 1:  Develop a stream temperature databaseStep 1:  Develop a stream temperature database



 
Step 2: Step 2: Quantify stream temperature regimesQuantify stream temperature regimes

Magnitude
Frequency

Timing
Duration

Rate of Change 
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More than 400 stream More than 400 stream 
reaches have stream reaches have stream 
temperature datasetstemperature datasets

Data Sources: Data Sources: 
NH Fish & GameNH Fish & Game

 MA Fish & WildlifeMA Fish & Wildlife
 NH DESNH DES

 MA DEPMA DEP

Available DataAvailable Data

Overview

 

Database

 

Analysis

 

Next Steps



•Hobotm

 
thermistor 

data loggers

•Pro V2 ($120)

•Pendant ($42)

•Tidbit temperature 
data loggers ($159)

Measuring Water Temperature Measuring Water Temperature 
Digital Temperature LoggersDigital Temperature Loggers
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Step 1:  Develop a stream Step 1:  Develop a stream 
temperature databasetemperature database



 
Reformat existing datasetsReformat existing datasets



 
Develop and apply QA/QC protocolsDevelop and apply QA/QC protocols



 
Design databaseDesign database



 
Populate databasePopulate database



 
Transfer protocolsTransfer protocols



 
Link to GIS and Link to GIS and webserverswebservers

Overview

 

Database

 

Analysis

 

Next Steps



Stream Temperature DataStream Temperature Data
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NH DES



Stream Temperature DataStream Temperature Data

NH Fish & Game
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Stream Temperature QAPPStream Temperature QAPP
 Quality Assurance Project PlanQuality Assurance Project Plan
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Stream Temperature QAPPStream Temperature QAPP

Overview

 

Database

 

Analysis

 

Next Steps

0

5

10

15

20

25

30

35

40

6/1/2006 6/21/2006 7/11/2006 7/31/2006 8/20/2006 9/9/2006 9/29/2006 10

Air Temp
Air Temp Min
Air Temp Max
Stream Temp

5 –
 

Rejected -
 

Out of Water



Stream Temperature DatabaseStream Temperature Database
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Step 2:  Quantify stream temperatureStep 2:  Quantify stream temperature
 2006 Dataset2006 Dataset

Magnitude
Frequency

Timing
Duration

Rate of Change
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Step 2:  Quantify stream temperatureStep 2:  Quantify stream temperature
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Mean Daily Temperature in August 2006
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Mean Daily Temperature 
July and August 2006
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WW WW CWCW
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Mean Daily Temperature in July 2006
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Mean Daily Temperature in August 2006
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Minimum Daily Temperature 
July and August 2006

Overview

 

Database

 

Analysis

 

Next Steps

10

12

14

16

18

20

22

M
in

 J
ul

y

A P
CW Fish Absence or Presence

10

12

14

16

18

20

22

M
in

 A
ug

A P
CW Fish

WW WW CWCW

July Min Air Temp = 18.9 oC August Min Air

 

Temp = 13.9 oC



Minimum Daily Temperature in July 2006



Minimum Daily Temperature in August 2006



14

16

18

20

22

24

26

28

M
ax

 A
ug

A P
CW Fish

14

16

18

20

22

24

26

28

M
ax

 J
ul

y

A P
CW Fish

Maximum Daily Temperature 
July and August 2006

Overview

 

Database

 

Analysis

 

Next Steps

WW WW CWCW

July Max Air Temp = 27.2oC August Max Air

 

Temp = 30.0oC



Maximum Daily Temperature in July 2006



Maximum Daily Temperature in August 2006



Stream Temperature DatabaseStream Temperature Database



 
Reformat existing datasetsReformat existing datasets



 
Develop and apply QA/QC protocolsDevelop and apply QA/QC protocols



 
Design databaseDesign database



 
Populate databasePopulate database



 
Transfer protocolsTransfer protocols



 
Link to GIS and Link to GIS and webserverswebservers



 
Provide guidance on data collectionProvide guidance on data collection
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Quantify Stream TemperatureQuantify Stream Temperature

•Expand Data Analysis
•Add MA DEP
• 20062006--2009 Datasets2009 Datasets

•Complete Analysis
•Magnitude
•Frequency
•Timing
•Duration
•Rate of Change 
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Mean Daily Temperature in August 2006
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Jennifer JacobsJennifer Jacobs
 University of New HampshireUniversity of New Hampshire

 

jennifer.jacobs@unh.edujennifer.jacobs@unh.edu
 603 862603 862--06350635
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““Temperature is probably Temperature is probably 
the most important, but the most important, but 

least discussed, least discussed, 
parameter in determining parameter in determining 

water quality”water quality”  
Blakely (1966)Blakely (1966)
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