=  Stream temperature monitoring and
2 some applications in NJ's Delaware basin

EnviroDIY in the Delaware River Basin - April 2024 Meeting




* Why stream temperature?

* Approaches to monitoring temperature

* Example applications of monitoring data to NJ conservation planning

**Delaware River Basin Policy and Practice Work Group’s Putting Stream Temperature Data to Work.**


https://managemywatershed.org/wp-content/uploads/Putting-Stream-Temperature-Data-to-Work.pdf

e  Varies across stream networks

e Mastervariable controlling biological performance

* Impacts other aspects of water quality (nutrients,
cyanobacteria, bacteria, nutrient and metals toxicity)

e States set temperature water quality standards

e Solutions to reduce temperature encompass many
general approaches to river conservation

* Increasing with climate change

More info: Caissie. D. 2006. The thermal regimes of rivers: a review. Freshwater Biology 51, 1389-1406.



https://www.waterboards.ca.gov/waterrights/water_issues/programs/bay_delta/california_waterfix/exhibits/docs/Stockton/part2rebuttal/stkn_64.pdf

Which is warmest? Coldest? Why?
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Temperature Loggers (July Average Temp °C)
® Ar
() Surface water-Dominated Tributary
) Groundwater-Dominated Tributary
() Mainstem Big Flatbrook

A\~ Monitored Stream

<% Possibly biologically relevant stream,
currently unmonitored

More info: Steel, EA, Beechie, TJ, Torgersen, CE, and AH Fullerton. 2018. Envisioning, quantifying, and managing thermal regimes on river networks. Bioscience 67, 506-522.



https://academic.oup.com/bioscience/article/67/6/506/3859716
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No adult growth/
wild fish absent

68°F .
58°F Onset of stress, 8I°F
Best growth stop fishing! Death during
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70°F

Average of 44 NJ trout production
streams monitored in 2018

More info: DeWeber, JT, and T Wagner. 2018. Predicting brook trout occurrence in stream reaches throughout
their native range in the eastern United States. Transactions of the American Fisheries Society 144, 11-24.
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https://www.tandfonline.com/doi/pdf/10.1080/00028487.2014.963256

More info:

THIS IS A COURTESY COPY OF THIS RULE. ALL OF THE DEPARTMENT'S RULES ARE COMPILED IN TITLE 7 OF THE
NEW JERSEY ADMINISTRATIVE CODE.

7:9B-1.14(d) General Surface Water Quality Critenia for FW2, SE and SC Waters:
(Expressed as Maximum concentrations unless otherwise noted)
Substance Criteria Classifications

11.  Temperature Temperatures shall not exceed a daily maximum of 22
degrees Celsius or rolling seven-day average of the
daily maximum of 19 degrees Celsius, unless due to

atural conditions

11 Temperatures shall not exceed a daily maximum of 25 FW2-TM
degrees Celsius or rolling seven-day average of the
daily maximum of 23 degrees Celsius, unless due to
natural conditions

1L Temperatures shall not exceed a daily maximumof31  FW2-NT
degrees Celsius or rolling seven-day average of the
daily maximum of 28 degrees Celsius, unless due to
natural conditions

v, Mo  thermal alterations which would cause SE
temperatures to exceed 29.4 degrees Celsius (85
degree Fahrenheit) Summer seasonal average

Delaware River Basin Policy and Practice Work Group. 2023. Putting Stream Temperature Data to Work.
McCullough, DA. 2010. Are coldwater fish populations of the United States actually being protected by temperature standards? Freshwater
Reviews 3, 147-199.

McCullough, DA. 2011. The impact on coldwater-fish populations of interpretive differences in the application of the US Clean Water Act 1972 by
individual state legislatures. Freshwater Reviews 4, 43-79.



https://managemywatershed.org/wp-content/uploads/Putting-Stream-Temperature-Data-to-Work.pdf
https://d1wqtxts1xzle7.cloudfront.net/40685445/McCullough-2010-coldwater_fish-temperature_standards-libre.pdf?1449520370=&response-content-disposition=inline%3B+filename%3DMc_Cullough_2010_coldwater_fish_temperat.pdf&Expires=1713443525&Signature=D3Zz3H7LOvlDW3gSlvWLW6REz-KpCZqCDS3EKMvWEpPg343ITGULvKPu4Ev4z5BUpP~zCb3oOfnSJySPpVor8JNW0LrZ~vSyL~eKogzHTA6B1tHyrJfThuGLefzHcfcN0Spqj0ZTBUVOqR8hlGnMfhTYMRQ8Jaxm8F3sgplIxH2lrNoBsBCQ5eCMnQ7st5F2zjjxWtsdbIlETNpHT2O7ZwlakSHxSKlKxUOcqr-iLn5Xr3B78g~0MxEzFPyt~cbGvdaGWU5A4Ou-pTW0a4AVO8BLzDesBG55I2khH5fSGsTcKJi2OPioyPYEwqTo7MD-sQk6WghK5hQDpjoRbpKxBw__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://www.researchgate.net/profile/Dale-Mccullough-3/publication/232677101_The_Impact_on_Coldwater-Fish_Populations_of_Interpretative_Differences_in_the_Application_of_the_United_States_Clean_Water_Act_1972_by_Individual_State_Legislatures/links/5405e4560cf23d9765a78cb9/The-Impact-on-Coldwater-Fish-Populations-of-Interpretative-Differences-in-the-Application-of-the-United-States-Clean-Water-Act-1972-by-Individual-State-Legislatures.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D
https://www.researchgate.net/profile/Dale-Mccullough-3/publication/232677101_The_Impact_on_Coldwater-Fish_Populations_of_Interpretative_Differences_in_the_Application_of_the_United_States_Clean_Water_Act_1972_by_Individual_State_Legislatures/links/5405e4560cf23d9765a78cb9/The-Impact-on-Coldwater-Fish-Populations-of-Interpretative-Differences-in-the-Application-of-the-United-States-Clean-Water-Act-1972-by-Individual-State-Legislatures.pdf?_sg%5B0%5D=started_experiment_milestone&origin=journalDetail&_rtd=e30%3D

(Lack of) riparian
vegetation

Climate change Channelization

Thermal Stress

Stormwater
runoff

Industrial
cooling water

Impoundments

Vermont SWMS Thermal Stress Guidance



https://dec.vermont.gov/sites/dec/files/documents/wsmd_swms_StressorPlan_Thermal_Stress.pdf
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Ficklin et al. 2023. Rethinking river water temperature in a changing, human-dominated world. Nature Water 1, 125-128.

Kurylyk et al. 2015. Preserving, augmenting, and creating cold-water thermal refugia in rivers: concepts derived from research on the Miramichi River, New Brunswick (Canada). Ecohydrology 8,
1095-1108.

Oullet et al. 2020. River temperature research and practice: recent challenges and emerging opportunities for managing thermal habitat conditions in stream ecosystems. Science of the Total
Environment 736, 139679.



https://www.nature.com/articles/s44221-023-00027-2
https://onlinelibrary.wiley.com/doi/abs/10.1002/eco.1566
https://onlinelibrary.wiley.com/doi/abs/10.1002/eco.1566
https://www.sciencedirect.com/science/article/abs/pii/S0048969720331995?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0048969720331995?via%3Dihub

N
N

Modeled Mean July Temperature (°C)
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More info: Eaton, JG, and RM Scheller. 1996. Effects of climate warming on fish thermal habitat in streams of the United States.
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Approximate Modeled Brook Trout

ONJSC :: Historical Monthly Summary Tables (rutgers.edu)

USGS Ecosheds

NJFW Wild Brook

Trout Fisheries
Bear Swamp Brook
Beatty’s Brook
Brass Castle Creek
Hickory Run
India Brook
Lake Ames Tributary
Primrose Brook
Rinehart Brook
Rocky Run
S. Br. Raritan River
Stephensburg Brook
Stony Brook
Teetertown Brook
Turkey Brook
Trout Brook
Van Campens Brook
Willoughby Brook

Occupancy Probability (%)

Limnology and Oceanography 41, 1109-1115.


https://aslopubs.onlinelibrary.wiley.com/doi/10.4319/lo.1996.41.5.1109
https://climate.rutgers.edu/stateclim_v1/nclimdiv/
https://www.usgs.gov/apps/ecosheds/#/

* Approaches to monitoring temperature

* Example applications of monitoring data to NJ conservation planning
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Oullet et al. 2020. River temperature research and practice: recent challenges and emerging opportunities for managing thermal habitat conditions in
stream ecosystems. Science of the Total Environment 736, 139679.



https://www.sciencedirect.com/science/article/abs/pii/S0048969720331995?via%3Dihub

Sensors record <hourly readings

High accuracy; regulatory and
assessment applications

Real-time data potential

Data can be aggregated to relevant
biologically predictive metrics
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$50 -$1000+ per site

* Requires moderate ability for field
deployment and maintenance

* Requires moderate technical ability for
launching, downloading, storing, and
analyzing data

* Resource limits on how many sites can be
monitored each summer/year

Stream Temperature Monitoring - Trout Unlimited

Volunteer Stream Temperature Monitoring Network (ct.gov)

ajunys jooidiazem



https://www.tu.org/science/science-engagement/community-science/stream-temperature-monitoring-resources/
https://portal.ct.gov/deep/water/inland-water-monitoring/volunteer-stream-temperature-monitoring-network

Snapshot measurement in time/space
One site visit may have little context/meaning

Multi-date sampling can be averaged for more
value, but adds labor

Synoptic sampling (synchronized across space)
can provide a snapshot of spatial thermal
variability

Basic field and data skills needed

~$35 thermometer + staff/volunteer time =
dozens or more sites

Few limits on how many sites can be monitored
each summer/year
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Lopatcong Temperatures
(8222020 @ 4pm)
Great  Good TooWarm
ForTrout ForTrout ForTrout




Can we integrate grab sampling and
continuous data to increase the quality of our
data (i.e., time-average metrics) at more sites?

Point-in-time field sample

& Half hourly observational
data from sensor station



Point-in-time field sample

o Half hourly observational
data from sensor station

Fritschie, Cottingham, Collenburg, and Letcher 2023 Thesis Chapter 1
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https://drive.google.com/file/d/1uu72Ng6lRfqI9WWR6KqzTUWlGs9CsUyW/view?usp=sharing
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* Example applications of monitoring data to NJ conservation planning



New Jersey Fish and Wildlife, Trout
Unlimited, Musconetcong Watershed
Association, The Nature Conservancy,
Lopatcong Creek Initiative, Wallkill River
Watershed Management Group, USGS

260+ stream temperature monitoring
sites

Each org has different purposes for data
collection and different methods

® Temperature Logger

~~ Trout Production Stream

~~ Other Stream

40

km



Easier for you to store/view/download EcoSHEDS ~  Northeast Sream Temperature Database

# Home Public Data Viewer

@ Public Data Viewer 3
@ Instructions

Easier for others with different goalsto

B4 Contact Us

StO re/vi ew/d own Ioad Station Map 2 - Filter by Watershed
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L '..Hage'r.‘e‘,an AR Wilmington @ Selected
. X y
|amr:‘,.‘._'..4_.,"l'9dfr"fk Towson < Vineland BLae
Station List Station Detail
Select All Select None
Agency Name Description Status # Obs Days Start
v at least...
UMASS_U turds2 Nissitissit River, Nashua River water Inactive 1195 2017-05-12 00:00
MEDMR 1.2BIGSEB... Big Seboeis @ Above Sherman Lu.. Inactive 55 2007-05-16 00:00

Northeast Stream Temperature Database (ecosheds.org)

NJDFW BC Bear Creek Inactive 141 2020-05-19 00:00


https://db.ecosheds.org/

Current Brook Trout Occupancy Future Occupancy (+2°C Air Temperature)

High Probability
Low Probability

Stream Temperature and Brook Trout Occupancy in the Northeast | ICE (usgs.gov)



https://www.usgs.gov/apps/ecosheds/ice-northeast/

NJDEP reports on water quality biennially:
Integrated Water Quality Report

Asked NJDEP to consider partners’ Ecosheds
submissions in future (200+ sites)

Partner data suggested many more temp
impairments than NJDEP first considered

In next report, ~20 new watersheds flagged as
thermally impaired

Formally identifying impairments is first step to
gaining support/funding

« E.g.,, TMDL/watershed-based plan

* Targeted funding

AU Classification in
Integrated Report
/

Full Attain
Insufficient Data

Non Attain
N

44 attaining, 25 non-attaining,

9 insufficient data

with All Available

Data Va
/

Non-Trout = , 3

/
\
|
‘\,

|7 attaining, 56 non-attaining,
5 insufficient data


https://dep.nj.gov/wms/bears/water-quality-assessment/integrated-report/

Range-wide State-wide Local Planning Scale

w4 Kettle Creek Brook Trout Assessment

Delaware River Basin Brook Trout Portfolio Elements

TU conservation portfolios/plans ID places to protect and restore within a watershed

|dentify projects like culvert upgrades, dam removals, buffer restoration, in-stream habitat
improvement

Rely on as much continuous monitoning data as possible, but use regional models to fill gaps


https://public.tableau.com/app/profile/sean.mcfall/viz/EBTJVDelawarePatches/Story
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HEE = TR

(& @ trout.maps.arcgis.com

25 V0|UnteerS £ 2021 Temperature Survey Parkirjg Site Map with ArcGIS Web AppBuilder
* Avg. 13 sites per volunteer i |
* Avg. 2.5hrs total per vol.

Thank you for participating in TU's
2021 stream temperature survey!

Use this map to find and navigate to
your parking and stream sampling

TR = A :
niontown 1 »
325 grab samples B = BN s

RAINED HEAVILY INTHE PAST 2-3
Dams, canopy gaps

eeeee DAYS

1. Type your Parking Site ID in the

* Trib pour points L SRR S -4 | EEElsas
* Equalintervals along ' ‘Done’)

2. Click on the "Google Map: more
info" link on the pop up menu to

D e T B R P

mainstems

70 continuous sites (4 orgs)

-3 75097 40.752 Degrees

o Half hourly observatlonal
data from sensor station

Site Navigation Map and Volunteer Sampling Guidance \\


https://arcg.is/1iOTz9
https://drive.google.com/file/d/1KzCH6_4Q12nt9LGIFoJBHRP8e3jAr6qD/view?usp=sharing

.. Flatbrook Portfolio and Conservation Planning
[~ Fndadrossopace Q)
43 dams | e B B W

27 crossing upgrades
5.6 acres of riparian
restoration

>10km of wood addition
suggested

Prioritization Results Interactive Map and Methods Description



https://arcg.is/1G5GCO
https://drive.google.com/file/d/1snbX0Q376UEhmAq4MPQSBMmWa_g7xdIs/view?usp=sharing

* Why stream temperature?
* Approaches to monitoring temperature

* Example applications of monitoring data to NJ conservation planning






RMSE = 0.7°C

Observed Mean July Temperature (°C)

16 18 20 22 24 26
Model-predicted Mean July Temperature (°C)
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