a USGS

a changing world

Brook trout and climate Change:
what do (we think) we know?

Nathaniel (Than) Hitt, Benjamin Letcher, Stephen Faulkner
U.S. Geological Survey, Eastern Ecological Science Center, Kearneysville WV



Map W'SI?EDED. United States Geological Survey



X habitat

Or

-
! -

-

Clean water
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Adapted from Foden et al. 2013.
PLOS One
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Fundamental limits on Brook Trout

Landscape

Water quality

Temperature
Acid Mine Drainage (AMD)

Water quantity
Flow; droughts and floods

Relative performance
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Threats:
Altered flows (flood/drought)
Warming water
Land use

Legend
Subwatershed Classification Extirpated (1,166
Intact (289) 772 Absent, Unclear History (324
Reduced (501 Unknown, No Data (729
B Greatly Reduced (1,503)

Present, Qualitatuve Data (1,051

Groundwater withdrawal
Habitat fragmentation
Invasive/non-native species
Acid rain/AMD

Reduced

Extirpated

EBTJV (2014)



ExXposure:

Stream temperature

Warming air temperatures

U.S. temperatures from 1991 to 2020
compared with 20th-century average
Difference from average (F°)
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30-year normal compared with 1901-2000

Source: NCEI and NOAA Climate.gov THE WASHINGTON POST




ExXposure:

‘

Warming stream temperatures

Stream temperature

Heat response thresholds
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Climatic Change



ExXposure:

Stream temperature

Prior assumption:
Elevation drives stream warming via air temperature

...but groundwater (GW)
can buffer air temperature effects and
IS spatially and temporally complex
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Shavers Fork of the Cheat River




Stream temperature data can predict GW buffering
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Landform features predict GW Iin streams

Johnson et al. (2017)
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EXxposure:

Accounting for GW In climate change forecasts

ZUSGS
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Brook Trout Thermal Habitat Forecasts
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Estimated total abundance

Sensitivity:

Importance of multi-year flows
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Sensitivity:
Invasive species x thermal stress

* Brook trout can use
warmer water when
brown trout are
absent

« Effects of climate
change depend on
community structure

Hitt et al. (2017) CJFAS



1. Quantify effects of
environmental drivers
on body size and trout

e population dynamics

O Transect / Flow Logger/ Stake
(O Transect/ Flow logger/ Staff Gauge / Stream camera
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2/3 of variation in abundance
is due to flow and
temperature (other 1/3 is
fish density)

Decreased survival from
warmer temperatures

Lower abundance - larger
fish

Higher flow in summer and fall
- larger fish

= USGS

science for a changing world
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Adaptive capacity:
Potential for local adaptation?

IR




Adaptive capacity:

Potential for local adaptation?
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Stitt et al. 2014
Phys. Biochem. Ecol.



Conceptual model for brook trout + climate change

How and where  Exposure

" it Which
Wi C%?]a:n'ogi populations will
Jge respond?

\Q Sensitivity



Where are we most/least confident?

| | EXposure  « High certainty for
* High certainty at single-year effects

landscape level + Low certainty for
* Low certainty in GW- multi-year effects

Influenced streams
Sensitivity







