Rising Temperatures
STAC workshop
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Increasing temperatures in Chesapeake Bay tidal and
non-tidal waters
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Increasing Bay temperatures driven largely by air
temperatures and coastal ocean temperatures
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Increasing stream temperatures driven by rising air

temperatures and other drivers

Heat transfer from
channel substrate
eSubstrate composition
(bedrock vs. gravel)
eHyporheic exchange
eResidence time in hyporheic

Groundwater inputs

eHyporheic exchange
eGroundwater temperature
eDegree of infiltration
eGroundwater residence time
elegacy sediment

zone eUnderlying geology

Runoff temperature Channel temperature

eSources of water (farm buffering capacity
ponds, municipal, mining and
industrial discharge,
snowmelt, etc.)

eUpstream and riparian land
use

eDegree of infiltration

eSurface area: volume ratio
eChannel form

elLarge woody debris
e|nstream vegetation
eWater clarity

Streamflow

eBaseflow 5
eWithdrawals (from surface N on _t I d d |
water

or groundwater)
tem pe ratur

Air temperature

eDirect solar radiation
eLocal hydrology (presence of *Canopy cover
dams, floodplain
connectivity, etc.)
eHydraulic resistance e
eUpstream and riparian land
use

eAmbient air temperature

e Groundwater inputs



Counter water temperatures in the watershed through
cooling strategies

BMPs o Conservation Land Use

Common theme = More trees




Counter water temperatures in the watershed through

cooling strategies
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Minimize impacts to Chesapeake Bay and adapt management

Oysters

Forage Striped
fish bass

® Strongest negative impacts on coldwater species (e.g., trout, sculpin) and their habitats (esp.
where streams aren’t driven by groundwater )

® Watershed-wide, warmwater aquatic species are most common. Although more tolerant to
temperature increases, they are sensitive to extreme temperatures including rapid changes
and to indirect effects (e.g., invasives, pathogens) from higher temps.

® More study needed of temperature effects on lower foodweb
B Algae, biofilms, zooplankton
B Macroinvertebrates
B Freshwater mussels & host species



Ecological Impacts and Recommendations




What can the Bay Program do to help moderate
rising water temperatures?

BMP implementation: Heaters vs. Coolers
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e Work with local governments to
promote good land use planning to
increase infiltration and minimize impervious
surfaces

® Review and modernize the current
Woater Quality Standards systems to
better address climate-related heating in

streams and rivers




What can the Bay Program do to help adapt to
rising water temperatures?

e Develop BMP design recommendations to create
or maintain thermal refugia, especially during
summer heatwaves

e Improve connectivity by restoring habitats and/or
removing barriers to suitable cold and coolwater

habitats
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What can the Bay Program do to advance science
around rising water temperatures?
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Ecological Impacts & Recommendations




Rising Tidal Water Temperatures:
Chesapeake Bay of the Future will not be the Chesapeake Bay of the Past

Bay water temperatures are increasing and will continue to increase — affects all water quality,
living resources, and habitat outcomes in the Chesapeake Bay Watershed Agreement.

Managing greenhouse gas emissions to reverse the rising water temperature trend is outside the
purview of the Chesapeake Bay Program

Focus on building resilience and adapting with strategic restoration and management strategies
to minimize negative impacts and promote positive outcomes.
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Submerged Aquatic Vegetation

* Eelgrass is negatively affected by rising water temperature, while

other species (e.g., widgeongrass, freshwater species) are more
heat tolerant.

*  Unknown how SAV community shifts will affect habitat use of fish
and blue crabs — research needed.

*  Continuing water quality management goals to maximize water
clarity is key for SAV; SAV more resilient to temperature stress
in clear water.
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SAV: Eelgrass declining & widgeongrass increasing
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Rise of Ruppia in Chesapeake Bay: Climate change-driven
turnover of foundation species creates new threats
and management opportunities

Marc J. S. Hensel’ , Christopher J. Patrick”, Robert J. Orth” &, David J. Wilcox®, William C. Dennison®, Cassie Gurbisz® &, Michael P. Hannam® &,
J. Brooke Landry®, Kenneth A. Moore?, Rebecca R. Murphy' &, Jeremy M. Testa®, Donald E. Weller”, and Jonathan S. Lefcheck




Rising Tidal Water Temperatures:
Ecological Impacts to Fisheries and Recommended Actions

Decreases in water quality and habitat suitability for vulnerable
species (e.g., striped bass, summer flounder) due to multiple
stressors (e.g., climate change, excess nutrients, fishing pressure)
and extreme events (e.g., marine heat waves).

Identify environmental thresholds and fishing guidance to minimize
stress on vulnerable species.

Impacts to fisheries from rising water temperature may be positive
or negative

Maximize habitat restoration to promote positive outcomes.

Northward shifts in species range. Species from the south are
becoming more prevalent.

Support social science research and develop and implement
communication strategy for existing and future scenarios.

Take proactive approach to prepare for change in species using the
Bay.

Squeeze Zone for Striped Bass

“Squeeze
Zone”

low oxygen

levels

Boesch 2008

Photo: Eric Packard




Rising Tidal Water Temperatures:
Nearshore Habitat Recommmended Actions

Develop common criteria to help target, site, and
design natural infrastructure projects, such as living
shorelines, that benefit both communities and
ecosystems.

Investigate restoration designs that incorporate multiple
habitat types (e.g., seagrass, marshes, oyster reefs) to
maximize resilience.

Support efforts to increase understanding on the
design, placement, and extent of water quality BMPs to
minimize nearshore warming in tidal tributaries (e.g.,
coolers versus heaters).

~” Marsh Migration Pathway

( Sediment Supply

4
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i \ Saltwater Intrusion
vulnerable SAV and fish species.
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Kister 2016 (Reprinted with permission from the
Integration & Application Network, 2013)



Common Themes Across the Workshop:
Science & Research

Improve Monitoring
Increase and develop strategic monitoring systems to collect
environmental and biological data necessary to track water
temperature, other stressors, and ecological change.
Include more frequent monitoring in smaller streams and
critical fish habitat areas.
Improve the ability to pair air temperature trends with water
temperature trends.

Modeling tool improvements
Finer-scale modeling that incorporates temperature change to
determine the response of living resources to inform
management.

Thresholds
Support research to better understand environmental condition
and habitat thresholds and communicate the implications of
rising water temperatures for living resources.




What are some implications of this report for 2025 and Beyond?

Warming water temperatures will make it more difficult to reach our 2025
TMDL water quality goals and multiple VWatershed Agreement goals (Brook
trout, Stream Health, Healthy Watersheds, Fish Habitat, Blue Crab Abundance,
SAYV, etc.)

For non-tidal waters, need to put even more emphasis on Riparian Forest
Buffers and Forest Conservation to help mitigate and adapt to rising water
temperatures

For tidal waters, we need strategic habitat restoration to minimize stress on
vulnerable fisheries and SAV species and continued improvements in long-term
monitoring to better assess environmental and ecological change.

Moving beyond 2025, water temperature should be incorporated more
explicitly into the goals, outcomes and management strategies of the
Partnership to better achieve both water quality and living resources goals
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Causes and Effects of Rising Temperature

Counter water temperatures in the Chesapeake Bay watershed through cooling strategies
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Causes and Effects of Rising Temperature

Minimize impacts to the ChQupealu Bay and adapt management
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Management and Research Recommendations

Rethink Chesapeake restoration

The Chesapesie Bay Program’s (CBP) management strategies
and action plans to meet goals set by the 20 Watershed
Agreement need to take account of a critical, basic condition—
waler lemperature—that has been changing and will continue to
do 10. The Scientiic and Technical Advisory Commitioe (STAC)
workshop was structured 1o initiate full consideration of rising

waler lemperatures in nearly every restorasfion, conservation,

educabon and public commuNCation decsion—made

individualy as well a3 colectively—by the CBP partrers. The

recommendations inchude many actiors which can be imitiated
now, a3 well a3 actions in science, monitoring. modelng and z
program implementation which will help guide the Program in ook troue fsing in 0 Imbutory of Seneco Creet in

sotting future goals.
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Protect coldwater fisheries

CBP pariners reed 1o accelerate Conservation acton like
maintainng and increasng intact forested watersheds to protect
the coldwater stroams now supportng healthy aquatic e,
especially natve brook trout, which are extremely semiive 1o
rising water temperatures, and continue analyses and mapping’
madeling 1o identify stream reaches with thermally resiient
groundwater inputs 10 focus habitat restocation efforts

Restore aquatic habitats

CBP partners should work 10 strategically conserve and restoce
aguatc hablats, mproving connecivity betwoen healthy
forested hablats and providng access to thermal refuga, Both n
serrlive rural watersheds and in urban streams.

Enhance “coolers” and reduce “heaters”

CBP partners should work %o minimize the extent to which some
water Qually bett management practces [BMPS) are furthar
heating waterweys and use forest buffers, good agricultural
stewardship practices, stormwater infillration, and other cooling
BMPs 1 reduce the amount of heated runo Pay particular
stionfion o expanding ree canopy coverage in historically
under-served urban areat.

Modernize water quality standards

Géiven the vital role of Ciean Water Act water qualty standards
[WOS) in protecting water quality and aquatic Ife, B states
and EPA should review nd wpdate the components of current
WOS systems that would strengthen thew capability 1o address
cdimate refated rising waler temperatures and drive targeted
protection and restoration strateges.

Apply Bay environmental thresholds to
inform fisheries management

Establish fishing guidance based on lempevature and dasolved
aeygen thresholds to reduce winerablity on key recreational
fish species. such as striped bass and summer floundes,

during periods of poor environmental condtions. Take actions
10 engage with fisheries stakebolders 10 explore strategic,
long-torm ways to advance ecosystom approaches 1o fishery
management in the Bay that incorporate emvironmental
threshelds nfluenced by climate change

Communicate temperature risk

Better communicate the impacts of rising water temperatures
ad epected s eninios 1o existing Bay fsheries and fsheries
moving into the Bay from the south betwees Iving resources
managers, scientists, and stakcholders

Create heat wave alert system

Comvens an interdisiplinary Seam ol sciatists, resowrce
managers, meteorologists, and communicatiors 10 design and
create 3 publcly avalable maree Peat wave dert system in
Conmaciion with habat preferences of key fheries

and underwater s0aQrasses.

Target nearshore projects

Develop common criteria and metrics to help target, ste, and
design natural infrastructure projects and implement in the
rearshore, whare ecological and cimate resiience benefits are
manimized across multiple habitst types, such as oyster roeds,
wrderwaler e3grass beds, and marshes

Figure 2 Defionng Nvngevoture ond Giohed arypen
Mvesholds fov sirped bass and oMy iy 100Ce (O
mewnre siress Pom fyhng procicoes

Siiped Doss fshing on e Chesapecike Soy
PRoto by Steve Drotor CEP.
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Moving Forward

Stay focused

Focus on e Chesapeske Bay TMDL
and consader stream temperatures n

the content of existing goals

Keep positive

Despite changes 10 The watershed and
Bay. we must push forward and tell owr

story as changes uniold

Prioritize BMPs

Implement cocling BMPLnatural
infrastructure that reduce heated rusclf
from developed sreas, larms, £ focests

Integrate monitoring

Link smaller streams, groundwater,
ving resources and ar temperature
with waler temperature monitoring

Communicate Increase trees

Help people 10 understand why water Better communicate the benefits of
temperatures are rising and what they conserving mature Yrees and dont just
can do about it rely on rew tree planting

Update standards

State water qualty standards need 10
address cimate-related changes
to water temperature.

Adapt fisheries

Future management and montioning
of fisheries must adapt as fsheries

change with rising walter temperatures.

Target restoration Land-sea opportunities
Factor rising water temperatures into Consider shorelines/nearshore

our tools for targeting the lands to eovironments for restoration and
conserve and where 10 apply BMPs habitat protection of at-risk species.




Two workshop songs produced

Marine Heatwaves in the

Temperature on the Rise Chesapeake Bay

Piero L. F. Mazzini* and Cassia Pianca

Bill Dennison & Scott Phillips

Heat Waves

21 June 2021

Lyrics by Bruce Vogt & Bill Dennison
Vocals & guitar by Jack Shenk
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Synthesis Element #9 Paper (Indicators): Julie Reichert-Nguyen and Bruce Vogt, NOAA; Mandy Bromilow, NOAA
Affiliate; Ron Vogel, UMD for NOAA Satellite Service; Breck Sullivan, USGS; Anissa Foster, NOAA-CRC Internship Program

Synthesis Element #10 Paper (Monitoring): Peter Tango, Breck Sullivan, John Clune, and Scott Phillips, USGS

Thank you to all the contributors and workshop participants!



Role for Chesapeake Bay Program

What role do you see the Bay Program can do to help build in temperature considerations in our
management strategies?

What can the Bay Program do to support jurisdictions in the implementation of these
recommendations?

Contact Information:

Katie Brownson
Katherine.brownson@usda.gov

Julie Reichert-Nguyen
julie.reichert-nguyen(@noaa.gov

Find the report here:

www.chesapeake.org/stac/document-library/rising-watershed-and-bay-water-temperatures-
ecological-implications-and-management-responses/




