Climate Change and Fish in
the Bitterroot



Outline

*Scientists, and the science of climate
change

*What about fish?
*What can we do?
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Jean-Baptiste Joseph

Fourier..1827 Earths
atmosphere might be an
insulator

John Tyndall,in 1859

- ...fluctuations in water
vapor and carbon
dioxide could be related
to climate change.

Svante Arrhenius, in 1896,
estimates of the extent to which
Increases in atmospheric (CO,)
will increase Earth's surface
temperature through

the greenhouse effect.



Studies into scientific agreement on human-caused global warming

100°

Oreskes 2004

Verhegqen 2014 Stenhouse 2014 Carlton 2015

Authors.........the finding of 97%...robust

and consistent with other surveys of climate
scientists and peer-reviewed studies. (Some
of the 3% are eminent scientists)



U.S. Global Change Research Program:
1. The burning of coal, oil, and gas, and clearing of forests.. Increased....

carbon dioxide in the atmosphere by more than 40% since the

Industrial Revolution,

2. ...... natural factors like the sun and volcanoes cannot have caused the

warming

3. if not for human activities, global climate would actually have cooled slightly over

the past 50 years.

United States Department of State
*United States Department of
Transportation

*United States Geological Survey,
*United States Department of the Interior

Environmental Protection Agency
*National Aeronautics and Space
Administration

*National Science Foundation
Smithsonian Institution

sAgency for International Development
*United States Department of Agriculture
*National Oceanic and Atmospheric
Administration, United States Department of
Commerce and National Institute of Standards
and Technology

United States Department of Defense

United States Department of Energy
National Institutes of Health, United States
Department of Health and Human Services
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Global Greenhouse Gas Reference Network
Cooperative Global Air Sampling Network
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Isaak, D.J., C. Luce, D. Horan, G. Chandler, and S. Wollrab. 2018.
Global warming of salmon and trout rivers in the Northwestern Foot still on the greenhouse gas pedal!
U.S.: Road to ruin or path through purgatory? Transactions of the Plan on continued warming for decades...
American Fisheries Society147:566-587.



2017 MONTANA CLIMATE ASSESSMENT
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Discharge, cubic feet per second

Red boxes
indicate typical
fishing seasons
for the area

Trends

e Earlier Runoff
 Lower and Warmer Summer Streamflows
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Criteria for Hoot Owl Fishing Restrictions

* Flows are at the 95% daily exceedence level (1-in-20-year low flows);
OR

* Daily maximum water temperature reaches or

exceeds 23° C (73°) F for at least some period of
time during three consecutive days

* Maximum water temperature for Bull Trout is 15° C
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ARTICLE

Are brown trout replacing or displacing bull trout populations
in a changing climate?

Robert Al-Chokhachy, David Schmetterling, Chris Clancy, Pat Saffel, Ryan Kovach, Leslie Nyce,
Brad Liermann, Wade Fredenberg, and Ron Pierce

Abstract: Understanding how climate change may Golitate species tumover is an important step in identifying potential
canservation strategies. We used data from 33 sites in western Montana to quantify dimate assodations with native bull trout
(Sl immaas coeflu emtu 5 and non-native brown trout (Selme trutta) abundance and popalation growth mtes (AL We estimated A using
expanential growth state-space models and delineated stady sites based on bull trout use for either spaw ning and rearing (5R) or
foraging, migrating, and overwintering (FMO) habitat. Bull trout abundance was negatively assodabed with mean August stream
temperatures within SR habitat fr = -0.75). Brown trout abundance was generally highest at temperatures betwesn 12 and 14 °C.
We found bull trout A wers generally stable at sites with mean Auguast temperature below 10 “C but significantly decreasing, rare,
orextirpated at 585 of the siteswith temperatures exceeding ¥ °C. Brown trout A were highest in 5K and sites with temperatures
excesding 12 "L Declining bull trowt A at sites where brown trout were absent suggest brown trout are likely replacing bull trout
in awarming climate.

Résumeé : [1 importe de comprendre comment le dimat pourrait faciliter le renouvellement des espéces pour cemer des
stratégies de conservation potentielles. Nous avons utilisé des données de 33 sites de Pouest do Montana pour quantifier les
associations dimatiques avec 'abondance et les taux de croésance de populations () d ombles i téte plate (Salvelinus confluem tus)
indigénes et de traites brunes (Same tnetta) non indigénes. Nous avons estime A en utilisant des modéles d'espaces d'états de
cmissance exponentielle et délimiteé les sites étadies selon leur utilisation par U'omble 3 téte plate soit comme habitat de frai et
d'alevinage (SE) ou d'approvisionnement, de migration = dhivernage (FMO). L'abondance des ombles i téte plate était néga-
tivement associde aux tempéraiures moyennes des cours d'eau en 20t dans les habitats 58 = -0,75). L'abondance de La neite
brune étit généralement maximum i des tempéraiures entre 12 =t 4 °C. Mous awons constate que les A des ombles 3 téte plate
Etaient généralement siables aux sites préseniant une température moyenne en o inférieure 3 10 “C, mais qu'il dimimsie
significativement, I'sspéce y étant rare ou disparue, dans 58 £ des sites ol cette température dépasse ¥ “C. Les 4 des truites
brunes étaient maximums dans les habitats SE et les sites caractérisés par des températures supérienres 3 12 “C. Des A en baisse:
des ambles 3 téte plate dans des sites exempts de truites brunes donnent 4 penser que ces dernigres remplacent probablement
les ambles 3 téte plate dans un dimat en réchanffement. [Traduit par la BEédaction|

Introduction

CHEmare charge is likely 0 subs@atially alier Seam soosysiems
with ]:-n:-m:-unncd effecrs for odd-warer fishes such as salmodids
UIJ'JESEIIJ :IJ'I.ﬂ._'II:II'ISSDI'I 2040 Williams et al. 2004 Elliorr and ERn
2000). Sabmonid life histories, vital aes, aod dtmngrapl:lics are
serongly tied o factoes influenced by Climare, inCloding thermal
and hydrologic regimes (ENlion 1994; Loboa-Cervia 2004; Crogiee
o al 2008; Warmen eral. !l'.l12|\. With different thermal mleranoes
and Life-history expressions, the effiecns of chasging Climaric ood-
dirioas arne I.iKE]'_l' o difTer ACrDEs s:pcci:s. UI:IIJE:'S!B.I'IIIi:I'I.S hiow clhi-
mare, amoag cther facors, may be influeacing populations is
critical for idearifying the potential for effective management
and FEHOrALN SCCNArios.

Mo-narive salmodaids are a0 additional conoeam for The coaser-
varia of narwve salmoaids across Momh America [Dl.l.l'ltla:l'l:l er al
20612). "f'n':ill.'.SIh'Ealﬂ roduclions [y recreation have msulved in
naturally producing popualarions of aoa-aative salmonids in many
soreams. The mechanistic thoears of sod-nave S]Itcits T aanve

sabmonids, pamicalasdy i the conexyof climare change, are often
not well undersiood (2.2, Rahel and 0lden 200&; Lawrenos et al.
2014). This nacemaing stems panly from the paucity of situations
where changing climaric conditions have been empirically linked
with salmonid population and demogrphic dama (Kovach er al.
20m6). Likewise, delineating bemwesn noa-native displacement
jie., declines in narive salmonids dot 10 eEEALVe MIETACTioas wilh
NOM-IATVES) Of feplacement (iLe., declines in narive salmonids due
0 facmors uarelared 0 A04-0ALVES) i an inherear challenge in
SPECies urnover siudies (Dunham e al 2002).

Hefining our undersanding of the ifluences of cimare change
and NON-IATIVE SPECies 0 X popuianons of ll troul (Salveins
confluenss) is essenrial in desiEning CONSEIVaTion SIrAISEIes 10 oo
hance longenm persistenoe, Bull ol 2 ooy lissd as “Theeas
ened” in the United Stares under the Endangensd Species Ao and
ranked “0f Spedal Conoern”™ or “Theearened ™ B three of four geo-
graphic populations by the Commiss oq the $@ams of Endangered
Wildlife in Canada. Ball rroul &2 eXiremely [emperale-sensiive
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Bitterroot River Drainage
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ie Charts show breakdown
of trout populations

Red = Cutthroat Trout
Green = Bull Trout
Orange = Brook Trout
Black = Brown Trout
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Longnose Dace replacing
Sculpin spp.

"WY"’"""’ —_—

Similar thing happening with two
native species. The Longnose Dace
(tolerant of warmer temperatures)
is filling in habitats that the Sculpin
is abandoning.

Brown Trout “Scouts”



Longnose Dace
replacing Sculpin
Spp.

e Yellow triangles
e AT indicate a spot that
f'.f{/:-;""'. < ,_',‘
_gire—n used to have
P i 2. Sculpin but they
"’Z/ , it are no longer
i g S TS present.

Orange squares are
locations that did
not have Longnose
Dace in the past
and now do.

Bull Trout

, i o Mike Lemoine,
site extirpations (yellow triangles) and site '-isafEbV
. . UofM
colonizations (orange squares).






“Mort Floats”
2012-2016

Bitterroot River Drainage
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did mortality floats to
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2014 Water Temperature at Wally Crawford
Daily Max and Min

Not many fish were
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found dead when
water temperatures
were below 68°

—Wally Crawford Max
—Wally Crawford Min



2015 Water Temperature-Wally Crawford
Daily Maximum and Minimum

Increased

25
mortality with
increased
N N water temps
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2012-2015

Disproportionate number
of Westslope Cutthroat
trout dead as compared to

overall population.

Species Percent in Upper Percent Mortality by Species
Bitterroot River

Two theories are

1) Cutthroat are less
tolerant of warmer
temperatures than
the non-native
rainbow and brown
trout

Cutthroat get handled
more often as an
easier fish to catch.
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What Should We
Do?



The Usual Suspects!

* Healthy riparian, clean, abundant water, etc, will still be
priorities (Plant cottonwoods in with those willows!)

* Invasive species — building barriers in some places

 Summer flows — agriculture!!

e Anglers and Irrigators are facing the same problems

» Storage will be promoted by irrigators — anglers need to be part of the
conversation

Climate, invasive species and land use drive

population dynamics of a cold-water specialist
Ryan P. Kovach1*, Robert Al-Chokhachy2, Diane C. Whited3, David A. Schmetterling4,
Andrew M. Dux5 and Clint C. Muhlfeld1,3




Painted Rocks Dam Raise




Can Beaver Dams Mitigate Water Scarcity Caused by

Climate Change and Population Growth?
Konrad Hafen , William W. Macfarlane Utah State University

Bitterroot River Drainage
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"'.-Va"'é"r’-”"é‘f}- Isaak, D., M. Young, D. Nagel, D. Horan, M. Groce, and S. Parkes. 2017.
-~ Climate Shield bull trout and cutthroat trout population occurrence
scenarios for the western U.S. Rocky Mountain Research Station, U.S.

Forest Service Data Archive, Fort Collins, CO. DOI: pending.
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We need to be thoughtful about the
places we're focusing restoration.
Some areas will get too warm for
Bull and Cutthroat Trout in the
future.




Human Adaptation in Future Decades




