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Species-Specific Thermal Niches
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Temperature Regulation - Spatial Distributions
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Temperature Regulation - Life Cycle

Incubation length -
Chinook salmon
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Western US - Observed Trends
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Observed Temperature Trends
In Northwest US Rivers

Fraser River - Summer
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Regional Trends In Stream Temperatures

USGS NWIS Monitoring Sites (1980 - 2009)
/\ = reservoir affected (11) @ - free-flowing (9)

Lesson #1: Long-term
monitoring data for stream

45 temperatures is limited
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Seasonal Trends In Stream Temperatures
USGS NWIS Monitoring Sites (1980 - 2009)
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Application of Spatial Statistical
Stream Models to Develop River
Network Temperature Models
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Boise River Temperature Database

Stream Temperature Database
14 year period (1993 - 2006)
| 780 observations
518 unique locations

/ Lesson #2: Shor"r ’rerm
{ monitoring data for stream

74 Temper'a‘rur'es is often abundant

7
o e Thermograph Locations

Watershed Characteristics
Elevation range 900 - 3300 m
Fish bearing streams ~2,500 km
Watershed area = 6,900 km?2

~~~ Third Order (plus) Streams




Spatial Statistical Models
for Stream Networks

Symmetric Distance Classes Asymmetric Distance Classes
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Advantages:
-flexible & valid covariance structures
by accommodating network topology
-weighting by stream size
-improved predictive ability & parameter
estimates relative to non spatial models
Peterson et al. 2006; Ver Hoef et al. 2006; Ver Hoef and Peterson 2010




Boise River Temperature Models

Mean Summer Stream Temp
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River Network Thermal Maps
2006 Mean Summer Temperatures
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Reconstruction of Climate Change Effects
Changes in Summer Temps (1993-2006)
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Climate Trend Effects on Thermal Habitat
Bull Trout
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Rainbow Trout Thermal Habitat Changes
No net gain/loss (1993-2006)

High-quality habitat = 11.0-14.0°C

[ Gain
Il No change




Bull Trout Thermal Habitat Changes (1993-2006)

Losses occurring at 87%-16%/decade

High-quality habitat < 10°C Bl Loss

,. Il No change
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Isaak et al. 2010. £co. Apps. 20:1350-1371




Predictions of Future Temperatures

Air Temperature
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Future Changes in Stream Temp
| By 2046 & Bull Trout Habitats

| Stream A = +1 .43 C B Loss
+2.2 C (air), -28% (flow), no fires B No change

-63% high quality habitat lost
-39% suitable habitat lost




River Network Temperature Models

Lesson #4: There is a strong
need for accurate river network

temperature models & many gk
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http://www.fs.fed.us/rm/boise/AWAE/projects/stream_temperature.shtml

Regional Stream Temp Models Needed

| Large regional temperature
databases exist (10,000's observations)

* «Historical & future stream tfemps
Species habitat summaries
«1:100,000-Scale NHD+

Interior Columbia River Basin
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A Step Towards a Regional Model

Lower Snake Hydrologic Region - NCEAS Workshop
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Building a Regional Model for the GNLCC

e

- \ve USFWS Landscape
~ Rocky Mountain | conservation
Research Station )

= - Cooperatives

1 } Regional Temperature Model
—\ +35 National Forests
| +250,000 km's fish-bearing
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. +15,000-30,000 summer’s of
stream temperature data
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Regional Bioclimatic Assessments
No Stream Temperature Component
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Air Temp # Stream Temp Complex
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Summer is Not the Whole Story
Full Year Temperature Data Needed

Annual Temperature Cycle ’
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Acquiring Full Year Temperature Data

Underwater Epoxy Protocol
' Annual Flooding Concerns Underwater epoy cement
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Regional Temperature Sensor Network

Current full-year stream temperature sites = 1375

Planned 2011 deployments ~1,000 (NOAA ~500, PIBO 150, USGS 100-
200, R6/AREMP 200-300, misc. others ? )

- v

Lesson #7: Monn‘ormg ne’rworks
can be established rapidly & but
require interagency coordination

Map prepared by
USDa, Dona Horan
208.373.4399
dhoran@fs. fed.us
| USGS, Dave Hockman-Wert
541.750.0944
dhockman-vwerti@usgs .gov

Legend - 1375 current fuII-year stream temperature 5|tes

@ BLM, Jarhidge-10 USFS, Custer-42 @ USFS, PIBO-146 & USGS, FRESC-253
© |IDFG, Nampa Research-25 @& USFS, Fremont-Winema-8 @  USFS, RMRS-143 O USGS, NOROCK-111
O |IDFG, Salmon Region-43 a  USFS, Gallatin-50 &  USFS, Sawtooth-9 O USGS, NWAS-177
< @ NOAA, NMFSINWC-14 % USFS, Kootenai-3 * USFS, Umatilla-18 @ HJAndrews Exp Forest-10
=~ ' ﬁ @ Tribe, Kalispel-58 ® USFS, Mount Hood-5 & USFS, Umpqua-3 B University of Idaho-15
Belence for a changing workd B USFS, Clearwater-225 USFS, Ochoco-1 & USFS, Wallowa-Vhitman-5 o Air Stations-1160

Sites viewable online at: www fs.fed.us/irm/boise/AWAE/projects/stream_temperature.shtml




Dynamic GoogleMap Tool for Coordinating
Stream Temperature Monitoring Sites

Site Information

*Stream name

*Data steward contact
information

*Agency

Webpage:

GO[ )gle maps ~ Search Maps

*Site Initiation Date

arch options

Get Directions My Maps « EJRSS [N View in Google Earth &

Montana Annual Stream Temperature
Points available
http: /v fs. fed. us/rm/boise/AWAE/projects

fstream_temperature. shtml

Stream Temperature Points available by Agency
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Cottonwood-Clyde Park- Creek

Updat: 4o B
Thermograph Location: Cottonwood-Clyde Park- Creek

Contact: Robert Al-Chokhachy - ral-chokhachy@usgs. gov

(406-994-7842)

USGS, NOROCK

Directions Search nearby morevy

Public 1 of 2 nearby results Next »

rite a comment

Adair Creek

Thermograph Location: Adair Creek Contact: Clint
Mubhlfeld - cmuhlfeld@usgs. gov (406-888-7926)
USGS, NOROCK

i ‘Bog Tumhe;_/\
/ Srey

Agassiz Creek F Belgrade
Thermograph Location: Agassiz Creek Contact: Clint - e baria o
Muhlfeld - cmuhlfeld@usgs. gov (406-888-7926) '_v i 3
USGS, NOROCK it
| &3
Akokala Creek

Thermograph Location: Akokala Creek Contact: Clint
Muhlfeld - cmuhlfeldi@usgs. gov (406-888-7926)

USGS, NOROCK o2 4 ;
G & I?Ukm Tl
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www.fs.fed.us/rm/boise/AWAE/projects/stream temperature.shtml

Google Search "Stream Temperature Boise”
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Massive Sensor Networks
Ecologically Relevant Climate Downscaling

Continuous
Space/Time
Air Temp
Surface

| Continuous

Space/Time
Stream Temp
A Surface
° 534 Temperature (°C)
| Legend ~7%5 105
T : R1 Air Sensors (1391)
® Stream Temp (896)

Wiens and Bachelet 2009



Better Downscaling
How will global trends affect my stream?

Integrated global-to-
regional-to-landscape-to-
stream systems

3310004

Temperature (°C)|
® 5.35-7.92
©7.92-10.5




Where Can Management
Make a Difference?

20t Century 215t Century

Lost Cause?

Management
potentially critical?

Hydrologic Regime

Resilient Population

Thermal Regime

Modified from Williams et al. 2007



Spatial Variation in Species Sensitivity
How & Where to Allocate Resources?
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Thermally Suitable Habitat

8 Current bull trout habitat

1 @ 8 250 m (1.6 C) increase

@ 3800 m (5 C)increase

C [

Rieman et al. 2007
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US Forest Service

Rocky Mountain Research Station
Air, Water, and Aquatics Program AN v
Boise Aquatic Sciences Lab

websites: www.fs.fec;i‘s rm/boise/index.shtml

www.fs.fed.us/rm/boise/awae_home.shtml



