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Editorial Notes

Information Quality Act Compliance: In accordance with section 515 of Public Law
106-554, the Northeast Fisheries Science Center (NEFSC) completed both technical and
policy reviews for this report. These pre-dissemination reviews are on file at the NEFSC
Editorial Office.

Species Names: The NEFSC Editorial Office’s policy on the use of s pecies names in
all technical communications is generally to follow the American Fisheries Society’s
lists of scientific and c ommon names for fishes, mollusks, and decapod crustaceans and
to follow the Society for Marine Mammalogy's guidance on scientific and common
names for marine mammals. Exceptions to this policy occur when there
are subsequent compelling revisions in the classifications of species, resulting in
changes in the names of species.

Statistical Terms: The NEFSC Editorial Office’s policy on the use of statistical terms
in all technical communications is generally to follow the International Standards
Organization’s handbook of statistical methods.

This document may be cited as:

Ouellet, Valerie; Graham Goulette. 2025. Maine Atlantic
Salmon Rivers Water Temperature Monitoring Protocol. US
Dept Commerce, Northeast Fish Sci Tech Memo 329; 16 p.
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1. COORDINATING WATER TEMPERATURE MONITORING

Many State, Federal, Tribal, Academic, and NGO initiatives collect water temperature data in Maine
Atlantic salmon rivers. As a group, we benefit from and reduce individual costs by coordinating
efforts and data sharing that results in more comprehensive sampling spatially and temporally. We
use a data collection plan that facilitates information dissemination among interested groups,
including: 1) rationale for the proposed data collection, 2) data to be collected, 3) spatial and temporal
information pertaining to the data collection, and 4) adherence to collection protocols and defined
responsibilities.

In January 2023, the Maine Atlantic Salmon Water Temperature Group agreed to meet biannually, in
January and June. The January meeting aims to review plans for the upcoming field season, and the
July meeting reviews protocols, project ideas, explore funding sources, and plan for grant applications
with fall deadlines. The goal of this group is to coordinate temperature monitoring for Atlantic
salmon. In addition, we will coordinate these efforts with the Maine Water Temperature Working
Group to see whether we can homogenize protocols.

Appendices A and D present information relative to Atlantic salmon thermal tolerances and a figure
linking environmental variables and salmon life stages that can be used for background information
as needed, as well as a list of references on Atlantic salmon (Appendix D).

2. PRE-DEPLOYMENT PROCEDURES
2.1 Loggers

A variety of loggers are currently available for temperature monitoring purposes. Table 1 presents
the main characteristics of the Maine Atlantic Salmon Water Temperature Groups most commonly
used loggers; the choice of the logger will depend on study needs and budget.

Table 1: Characteristics of the Maine Atlantic Salmon Water Temperature Groups most commonly used
loggers to monitor water temperature.

Accuracy (°C) Precision (°C)  Stability (drift, °C)  Battery life (years)
HOBO V2 pro ($159) +0.21 0.02 0.1/year 6
HOBO Tidbit v2 ($169) = +0.21 0.02 0.1/year 5
HOBO Tidbit MX400 | £0.25(-20to 0) = 0.01 <0.1/year 3 (Bluetooth enabled)

Bluetooth ($149) and

HOBO Tidbit MX5000 0.2 (0 to 70) 5 (Bluetooth disabled)
Bluetooth ($159)

HOBO Pendant MX | £0.5 0.04 <0.1/year 1 (Bluetooth enabled)
Bluetooth (S69) 2 (Bluetooth disabled)



2.2 Logger Accuracy Check

All new loggers should be checked for accuracy before field deployment to maintain data quality
control. Older loggers may need to be decommissioned when annual calibrations find accuracy has
diminished below the advertised product specifications or when the expected battery life for that
product has been exceeded. Applying a correction coefficient for logger drift is possible, however,
contact the manufacturer to obtain a replacement if you detect differences when the loggers are new
or observe logger drift during the warranty period. In addition, a certified field thermometer should
be calibrated at the same time loggers are checked using the ice bath method. Performing the
calibrtion will ensure the thermometer is accurate for field use and checking temperature loggers (see

3.3).

Ice bath procedure (See Appendix B for the form)

1.

Place water and ice cubes in a cooler at approximately a 2:1 ratio to create an ice bath—see
Figure 1. Use a sufficient amount of ice to ensure it distributes evenly throughout the ice bath.
Loggers should be completely submerged during testing. Allow at least 30 minutes for the
temperature in the ice bath to equilibrate.

Place the loggers in the ice bath at least 15 minutes before they begin recording temperatures
to allow them to equilibrate. Ensure that the loggers are not touching each other.

Place the certified thermometer in the bath as well. The thermometer should be as close to the
loggers as possible without touching them. Secure the thermometer so it does not touch the
cooler’s bottom or sides; a ring stand and clamp work well for this purpose.

Ideally, leave the loggers in the bath for 24 hours, allowing them to log temperature during
the warming process. During a period of temperature change the differences are more
noticeable. Periodically record the reading on the certified thermometer and note the time.
Take the data loggers out of the ice bath and download the temperature data. Create a
spreadsheet for time versus temperatures recorded for the thermometer and each data logger.
Compare the temperatures recorded by each data logger to the temperature of the thermometer
for each time interval.

Calculate and record any observed differences.

Differences between loggers should not be greater than the accuracy specified for each model
in Table 1. Most certified thermometer accuracy is £0.5 (some can also be more accurate,
check your model specifications). The difference between the certified thermometer and the
loggers should not be greater than the thermometer accuracy.

If differences greater than the thermometer’s accuracy are found, a correction coefficient can
be calculated, but ideally the logger should be exchanged and decommissioned, as the drift is
most likely not going to be consistent.



Figure 1: Ice bath example. Note, a mix of water and ice is required—it’s difficult to show because the ice
floats. Loggers should be submerged, or at a minimum, their sensors should be submerged. (Photo credit:
Graham Goulette)

2.3 Launching Logger

Loggers should be pre-set before field deployment with the following characteristics:

Delayed start at midnight of the deployment day (this avoids having to manually cut off the
first part of the time series).

Logging intervals of 30 min or less (Maine Atlantic salmon water temperature group agreed
upon this interval in January 2023).

Use Eastern Standard Time (EST) only.

Use °C (Celsius) always.

Select data averaged over the interval (rather than max value during the interval when the
option is available).

DO NOT choose “Wrap Around Data” in ADVANCED OPTIONS as this will result in
overwriting existing data if a logger cannot be recovered before the memory is full.

When reading/swapping a logger in the field, if the logger can be redeployed with enough time
to acclimate (varies between logger type—see manufacturer’s details) before the next time
interval, proceed without resetting the start time. Otherwise, set a delayed start time for midnight
of that same day.



2.4 Logger Housing

The logger should be shaded from direct solar radiation by using a light-colored—i.e., will not absorb
solar radiation and artificially warm—PVC pipe or other material for housing. The housing should
have adequate holes (predrilled or precut) for securing points (either using zip ties or galvanized steel
wire for a stronger hold) and to allow normal stream flow around the data logger. If possible, attach
the logger so that the optic end of the logger is accessible for attaching the optic shuttle (not applicable
for Bluetooth loggers) for an easy readout without having to dismantle the PVVC housing every
download—see Figure 2.

Figure 2: Example of one type of logger housing. (Photo credit: Danielle Frechette)

US Fish and Wildlife have also used steel housing units by welding 1/4” (0.64 cm)-thick steel
rectangular tubing (1.5” inside length (3.8 cm)) and a 3” (7.6 cm)—wide steel plate together. The metal
tube was cut to 2” (5.1 cm) length and the plate varies from 5” to 8.5 (12.7 to 20.3 cm). Four 1/8”
(0.32 cm) holes were drilled into the tube for attaching a logger—see Figure 3. This type of housing
can be warmed by solar radiation, thus the dimensions of the metal used should be considered.



Lo

Figure 3: Example of steel housing. Note: the metal chain is not currently attached to the housing units. A
3/8” shackle will attach a chain to the metal bar via the hole opposite the square tube end. (Photo credit: Scott
Craig)

3. DEPLOYMENT PROCEDURES
3.1 Site Selection

Site selection for data loggers should be based on the objectives of the study at stream locations that
can provide useful, representative data. Three basic levels of consideration apply; (1) The sample
location is chosen to represent temperature at the site level. (2) Multiple sites provide information at
the reach level. (3) Multiple reaches within a drainage provide information at the watershed level.

Within each of these levels, we also need to consider the need to monitor the mainstem, tributaries,
and coldwater patches, which can be used as coldwater refuges. Measuring both thermal refuge and
mainstem temperature at the watershed scale can help understand a river’s thermal heterogeneity.

Optimization methods should be used to determine the best logger deployment locations for larger
monitoring networks. Optimal deployments will allow for capturing changes in thermal patterns
within a river system and help limit redundant information.

(1) Site level.
For mainstem:
1. Data loggers should be deployed at sites representative of the stream in a well-mixed area.
2. Somewhat turbulent and providing mixing such, as riffles, runs, or cascades.
3. Toward the deepest part of the channel (thalweg) and likely to provide flow throughout
the summer and early fall months (periods of low flow).
4. Not directly affected by groundwater or tributary input.

For coldwater patches:
1. Consider the eight general riverine features that are now commonly accepted as areas
where coldwater patches can form: tributary, confluence or plume, lateral seep,
springbrook, side channel, alcove, hyporheic upwelling, and wall-based channel and pool.



(2) Reach level.

A reach can be described as a section of a river or stream with relatively homogeneous characteristics,
including gradient, valley form, discharge, vegetation, and substrate or soils. Some studies might
concentrate on true distinct river reaches, while others might be targeting a subreach (a particular type
of land use or discharge source). In either case, characterizing a reach requires that loggers are placed
at upstream and downstream sites within the reach or directly adjacent to the reach.

(3) Watershed level.

Data loggers placed along multiple reaches within a drainage can describe variations in stream
temperature throughout the drainage. Sites monitored continuously over several years can help
remove noise from data sets (e.g., high or low water years) and portray a more accurate picture
regarding water temperature trends throughout the drainage.

For thermal heterogeneity and long-term monitoring:

1. At both reach and watershed levels, measuring thermal heterogeneity requires loggers
placed in the mainstem (general thermal regime conditions), along with loggers
strategically placed to capture important features, such as tributary influence or potential
cold patches.

2. Long-term monitoring should develop a network at the watershed scale and inform on the
river's general thermal regime and include indicators of thermal heterogeneity (e.g., the
presence of coldwater and warmwater patches).

3.2 Anchoring Devices
Anchors can be site-dependent. At the coordination meetings, participants share their anchoring tips
and methods that can be added to this document as needed.

Ideally, loggers and anchors would be difficult to see to prevent vandalism, but this is not always
feasible. Small rocks (smaller than the size of a football) can be used to conceal loggers and to help
hold them in place.

Figure A



Figure B

Figure 4. Example of anchoring methods; “A” on a piece of rebar and “B” on a chain with PVC housing (also
see report’s cover for a different idea). Note: anchoring methods depend on stream power, stream bed mobility
and adjacent material, so always discuss with the group and share experiences to select the best method for
a given context. (Photo credit: Graham Goulette)

3.3 Metadata

At each site, the following metadata should be collected (see field sheet in Appendix C):

Record the logger serial number and site name. Site name should be consistent year to year
(Use Maine Salmon Database as Name Repository) for proper data association.

Record GPS coordinates (UTM in NAD 1983 Zone 19N or WGS 1984 same zone).

Note any important landmark/information that can help with locating the loggers (e.g., mid-
channel area by the boulder).

Take a photo of the site or sketch the site on paper with logger location if there is no photo
taken.

When returning to read/swap the logger, note reading time, instantaneous temperature taken
with the certified thermometer, and any other important information, such as delayed start of
the logger or instant redeployment.

Add any additional information that may be pertinent (e.g., logger exposed to air, low flow,
etc.) for data interpretation.

If the logger is to be taken back to the office and cannnot be stopped in the field, record the
time that the logger was taken out of the water, so the additional data can be truncated when
exporting the .csv file.

34 Back From the Field

1. Make sure to copy or scan the field sheets and apply the same site name to photos that is
recorded on the field sheet, so all the information from a specific site can be easily cross-
referenced.

2. Data files should follow the same naming convention, using both logger number and site
name. Keep raw files in an archive. Plot your data in the hobo software for visual
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validation. Export the .csv file for sharing and perform any additional validation steps as
necessary (e.g., cut the end of the data series if the logger was out of the water before
being stopped).

. The group agreed that, presently, we do a visual validation of the data and cut the
beginning of the series (if delayed start has not been employed) and the end of the series
if the logger could not be stopped right away. By following this protocol, we collect
quality data comparable among streams and rivers. Further data validation is the
responsibility of the data user and tools, such as ECOSHEDs, may be useful for data
validation purposes.
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APPENDICES

Appendix A: Background Information on Atlantic Salmon Thermal Preferences, Impact of
Changing Thermal Regime and Important Environmental Variables To Consider

From Gillis et al. 20231

River thermal regime is a key environmental factor controlling Atlantic salmon (Salmo salar)
survival-based responses, such as activity patterns and growth (Jonsson and Jonsson 2009; Breau,
Weir, and Grant 2007; Elliott and Hurley 1997), reproductive success (Jgrgensen, Sgrensen, and
Bundgaard 2006; Robinson et al. 2010; Porcelli et al. 2017), prey abundance (Bal et al. 2014) and
phenology (Bell et al. 2017; Rossi et al. 2022), and survival (Montgomery et al. 1996; Lobon-Cervia
2014). Changing thermal regimes can impact the overall river ecology (e.g., food webs, predator-prey
dynamics), which can indirectly affect salmonids like Atlantic salmon (Bell et al. 2017; Rossi et al.
2022). Atlantic salmon have a narrow thermal tolerance, and water temperature variations outside
this tolerance range can induce a substantial amount of physiological stress (Breau, Cunjak, and Peake
2011). Changes in river temperature dynamics (e.g., daily variability, frequency, and duration of
summer maximum, warmer thermal regimes) pose a distinct threat to Atlantic salmon populations
throughout their range (Fay et al. 2006).

An increase in both mean river water temperatures and summer thermal maximums has already been
observed in several rivers throughout North America (Kaushal et al. 2010; Isaak et al. 2012) and more
locally across the range of Atlantic salmon rivers in eastern Canada (Daigle, Boyer, and St-Hilaire
2019; O'Sullivan et al. 2021; St-Hilaire et al. 2021). With continued projected warming, the duration
and severity of warmer temperatures are expected to increase, which could impact thermal
heterogeneity and within river temperature patterns (van Vliet et al. 2012; Moore, Nelitz, and
Parkinson 2013; Jones et al. 2014; Fullerton et al. 2018). Thermal heterogeneity is defined as a mosaic
of warm and cool water habitats that allow fish to complete their life cycle (Ebersole et al. 2003).
Although thermal heterogeneity is relevant throughout the year, it is particularly critical during
summer because it allows fish to survive warm water temperature events (Dugdale, Bergeron, and
St-Hilaire 2015). During low flows and warmer conditions, thermal heterogeneity becomes essential
to the resilience and survival of Atlantic salmon. Decreased thermal heterogeneity can have dramatic
consequences for Atlantic salmon. For example, when temperatures reach 20-23 °C, thermal stress
occurs (Shepard 1995; Wilkie et al. 1997; Breau 2013), and salmons exhibit behavioral
thermoregulation to avoid warmer areas by accessing cold water habitat patches called cold-water
refuges (e.g., upstream shaded areas, tributaries, groundwater upwelling zones; Breau, Cunjak and
Bremset 2007; Torgersen, Ebersole, and Keenan 2012; Barrett, Armstrong, and Barrett 2022). This
ability to thermoregulate behaviorally becomes limited as thermal heterogeneity decreases and cold-
water patches become less available (Frechette et al. 2018; Corey et al. 2020; O'Sullivan et al. 2021).
The distribution, abundance, and persistence of these cool water patches are critical to the resilience
of catchments to sustain wild Atlantic salmon populations.

1Gillis, C., Ouellet, V., Breau, C., Frechette, D. & N. Bergeron (2023) Assessing climate change impacts on North
American freshwater habitat of wild Atlantic salmon - urgent needs for collaborative research, Canadian Water Resources
Journal / Revue canadienne des ressources hydriques, DOI: 10.1080/07011784.2022.2163190
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Figure 3: Relative thermal tolerance of Atlantic salmon by life stage. Data were predominantly from field
studies (solid bars); findings from controlled experiments are denoted by dashed bars. Black bars (solid and
dashed) represent the optimal water temperature range for activity; grey bars (solid and dashed) represent the
lower and upper water temperature boundaries. Values collated from: Elson (1969); Danie, Trail, and Stanley
(1984); Alabaster (1991); Grande and Andersen (1991); Jensen, Johnsen, and Heggberget (1991); Elliott
(1991); Shepard (1995), Elliott and Elliott (1995); Elliott et al. (1998); Elliott and Elliott (2010).
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Figure 5: Synthesis of the importance of temperature on physiological aspects and habitat conditions for each
Atlantic salmon life stage. When the line is wider, it associates the specific life stage and physiological aspect
primarily influenced by habitat conditions. This figure emphasizes the importance of incorporating temperature
in study designs, as it drives key processes at each life stage and can have confounding effects in both
individual and population-level responses.
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Appendix B: Temperature Logger Accuracy Check Form

Reported by:

Date:

Model:

Organization:

Drainage to be used in:

Drainage Logger ID #:

Serial #;

Time

Bath temperature (°c)

Logger temperature (°C)

Discrepancy (°C)
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Appendix C: Field Deployment Form for Metadata

TEMPERATURE LOGGER FIELD FORM

Reported by: Organization: Site name:
Date: Time: Drainage:
Branch: Subreach: Logger type:
Logger #: Delayed start at:

GPS coordinate:

Sites Characteristics:

Adjacent land Primary stream substrate Secondary stream substrate
(] Wetland 1 Boulder (> than a basketball 10.1in) | Boulder (> than a basketball 10.1in)
L1 Forested- closed canopy ] Cobble (tennis ball to basketball 2.5 - | [] Cobble (tennis ball to basketball 2.5 -10in)
L1 Forested-open canopy 10in) 1 Gravel (peppercorn to tennis ball .08-2.4in)
L] Developed/urbanized L] Gravel (peppercorn to tennis ball .08- | [} gang (salt to peppercorn .002-.08in)
L) Agriculture 2.4in) _ ] Silt & Clay (finer than salt <.002in)

(] Sand (salt to peppercorn .002-.08in) ] Aquatic Vegetation

"1 Silt & Clay (finer than salt <.002in)
] Aquatic Vegetation

Overhead canopy cover Obstruction to fish passage Photos
1 0-25% ] Culvert 1 General site (broad view)
1 26-50% 1 Low dam 1 Logger location
1 51-75% 1 Roadbed
1 76-100% 1 Beaver dam
1 Natural falls
1 None observed

General Comments/Notes:

Midseason Check:

Reported by & organization: Date & Time: Water temperature:

Logger conditions/comments:

Retrieval:

Reported by & organization: Date & Time: Water temperature:

Logger conditions/comments:
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Procedures for Issuing Manuscripts
in the Northeast Fisheries Science Center Reference Document (CRD)
and the Technical Memorandum (TM) Series

The mission of NOAA’s National Marine Fisheries Service (NMFS) is “stewardship of the nation's
ocean resources and their habitat.” As the research arm of the NMFS’s Greater Atlantic Region, the
Northeast Fisheries Science Center (NEFSC) supports the NMFS’s mission by “conducting
ecosystem-based research and assessments of living marine resources, with a focus on the Northeast
Shelf, to promote the recovery and long-term sustainability of these resources and to generate social
and economic opportunities and benefits from their use.” Results of NEFSC research are largely
reported in primary scientific media (e.g., anonymously peer-reviewed scientific journals). However,
to assist itself in providing data, information, and advice to its constituents, the NEFSC occasionally
releases its results in its own series.

NOAA Technical Memorandum NMFS-NE — This series is issued irregularly. The series typically
includes: data reports of long-term field or lab studies of important species or habitats; synthesis
reports for important species or habitats; annual reports of overall assessment or monitoring
programs; manuals describing program-wide surveying or experimental techniques; literature surveys
of important species or habitat topics; proceedings and collected papers of scientific meetings; and
indexed and/or annotated bibliographies. All issues receive internal scientific review, and most issues
receive technical and copy editing.

Northeast Fisheries Science Center Reference Document — This series is issued irregularly. The series
typically includes: data reports on field and lab studies; progress reports on experiments, monitoring,
and assessments; background papers for, collected abstracts of, and/or summary reports of scientific
meetings; and simple bibliographies. Issues receive internal scientific review, and most issues receive
copy editing.

CLEARANCE

All manuscripts submitted for issuance as CRDs must have cleared the NEFSC’s
manuscript/abstract/webpage review process. If your manuscript includes material from another work
which has been copyrighted, you will need to work with the NEFSC’s Editorial Office to arrange for
permission to use that material by securing release signatures on the “NEFSC Use-of-Copyrighted-
Work Permission Form.”

STYLE

The CRD series is obligated to conform to the style contained in the current edition of the United
States Government Printing Office Style Manual; however, that style manual is silent on many
aspects of scientific manuscripts. The CRD series relies more on the CSE Style Manual. Manuscripts
should be prepared to conform to both style manuals.

The CRD series uses the Integrated Taxonomic Information System, the American Fisheries
Society’s guides, and the Society for Marine Mammalogy’s guide for verifying scientific species
names.

For in-text citations, use the name-date system. A special effort should be made to ensure all
necessary bibliographic information is included in the list of references cited. Personal
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communications must include the date, full name, and full mailing address of the contact.

PREPARATION

Once your document has cleared the review process, the Editorial Office will contact you with
publication needs—for example, revised text (if necessary) and separate digital figures and tables if
they are embedded in the document. Materials may be submitted to the Editorial Office as email
attachments or intranet downloads. Text files should be in Microsoft Word, tables may be in Word
or Excel, and graphics files may be in a variety of formats (JPG, GIF, Excel, PowerPoint, etc.).

PRODUCTION AND DISTRIBUTION

The Editorial Office will perform a copy edit of the document and may request further revisions. The
Editorial Office will develop the inside and outside front covers, the inside and outside back covers,
and the title and bibliographic control pages of the document.

Once the CRD is ready, the Editorial Office will contact you to review it and submit corrections or
changes before the document is posted online. Several organizations and individuals in the Northeast
Region will be notified by e-mail of the availability of the document online.
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