River Temperature Data Contributed by: K.ul

-

Global Warming of Salmon and Trout Rivers in the Northwestern U.S.

Dan Isaak, Charlie Luce, Dona L. Horan,

ROad tO RU in or Path Th rOugh PU rgatO ry? Gwynne Chandler, Sherry Wolab, and Dave Nagel Funded by:

Great Northern NORTH PACIFIC IANDS 4 pr

LANDSCAPE CONSERVATION COOPERATIVE
‘ CONSERVATION
COOPERATIVE

OREST SE Ve

UAS!

[
G TNENTOF AGRESS

/_.-—.;..u-;'-' o g

- o -
Ny o g LaiT®

Introduction

Large rivers constitute small portions of drainage networks but provide important migratory habitats and fisheries for salmon and trout when and where temperatures are sufficiently cold.
Management and conservation of cold-water fishes in the current era of rapid climate change require knowing how riverine thermal environments are evolving and the potential for
detrimental biological impacts. We mined the NorWeST database (Chandler et al. 2016; Isaak et al. 2017) to extract river temperature records with >10 years of data in the northwestern U.S. and
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supplemented those records with additional data contributed by professional biologists from eighteen agencies. Long-term records were available for 391 river sites and were examined for Long-term climate-induced warming of rivers in the Northwest will affect several species of salmon and trout and hundreds of individual populations. To illustrate the biological consequences later this century of river
trends in monthly averages during the 40-year period of 1976-2015 (Figure 1). To understand those trends, monitoring records were also summarized for the same period at 168 air temperature warming, two examples are provided. In the first example, the thermal exposure of adult sockeye salmon migrating to four inland and coastal population areas (lettered in Figure 1) was calculated for baseline river
stations in the Global Historical Climate Network-Monthly dataset (website: http://www.ncdc.noaa.gov/ghcnm/v3.php) and 299 river discharge gages from the National Water Information temperature conditions and scenarios representing +1-3 °C temperature increases. Thermal exposure was quantified as degree-days by multiplying the length of each river path by it’s average temperature during the
System dataset (website: http://waterdata.usgs.gov/nwis; Figure 2). number of days that adult salmon required to swim from the ocean to the natal area. Travel rates of 25 km/day and 50 km/day were used based on previous biotelemetry studies and whether river reaches occurred

within run-of-the-river reservoirs along the Columbia/Snake rivers or were free-flowing (results shown in Figure 3).
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P | August trend August baseline In the second example, the effect of river temperature increases on the distribution and extent of thermally suitable habitats for resident brown trout and rainbow trout populations was assessed using the same
(°C/decade) (1993-2011) baseline scenario and +1-3 °C river temperature scenarios used in the salmon example. River reach temperatures throughout the Northwest were classified as sub-optimally cold (<12 °C), optimal (12-18 °C), or sub-
® <03 <8 optimally warm (>18-21°C) and results are mapped in Figure 4. Suitability categories were derived from previously published thermal response curves that were developed by combining 23,000 biological surveys with a
' NorWeST scenario of mean August temperatures for the baseline period of 1993-2011 (Isaak et al. 2017b).
® -02--0.3 8-10
p 10-12
© -01--0.2 o e
o -01-0.1 VA TE S~
- 1 - 1000 - a) — Baseline 1000 -
C' 0. = 0.2 16 - 18
I +1.0°C q
@ 02-03 . 18 - 20 — 800 800
+2.
® >03 m— >20 S 600 - 2O% 600 -
o — +3.0C
QL 400 - 400 A
)
S
b0 200 - 200 -~
)
E 0 =2 : ] ] ‘ ] 0 I , ‘ | | < 12 °C = Suboptimal cold
8 0 300 600 900 1200 1500 0 300 600 900 1200 1500 R . Sroly
5 (| 18 °C=Suboptimal warm
v
O 1000 1 c) 1000 4 d)
=3
@ 800 - 800
©
= 600 - 600
-
L 400 400
E e
‘ — 200 200
7
O | | | 0 I I 1 1 |
0 300 600 900 1200 1500 0 300 600 900 1200 1500 ko ‘ 7 , i
River kilometer - S | G | 9 |
é'), FIGURE 3. Thermal exposure for four sockeye salmon populations under baseline summer FIGURE 4. Of the 56,500 km of rivers in the Northwest, 50,200 km provided some level of thermal suitability
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which is the longest continuous monitoring record in the region.
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Discussion
Our results indicate that a broad pattern of warming occurred in Northwest rivers during the last four decades and that temperatures during summer and early fall months now average ~1 °C warmer. Despite that
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W) 0.8 : . 10%  —~ trend, it is encouraging to note that salmon and trout populations remain widespread in the region—by some measures even increasing, due in part to extensive habitat restoration efforts. Less encouraging is that
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FIGURE 2. Regional average trends in mean monthly river temperatures, air temperatures, and discharge (Q) for each of 12
months during the 40-year period of 1976-2015. River temperatures largely paralleled air temperatures, albeit at reduced
rates. The average annual rate of river temperature warming during this period was 0.084 °C/decade but rates where 2-3
fold greater (0.14-0.27 °C/decade) during the summer and early fall months when rivers were at baseflow and most
sensitive to climate forcing.
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