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How will climate change and human activities
affect the major communities of seagrass and
aquatic vegetation in the Chesapeake Bay?
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Predicting the future in three steps

How have past environmental conditions affected
seagrass and aquatic plant communities?

How will environmental conditions shift with climate
change & with human activities?

How will shifting conditions and shifting species affect
SAV meadow coverage into the future?
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Predicting the future in three steps

How have past environmental conditions affected
seagrass and aquatic plant communities?

VIMS aerial SAV survey data (1984-2020)
Vegetation cover

VIMS SAV Observation data (1984-2020)
Species presence/absence

Chesapeake Bay Program water quality stations (1984-2020)

Temperature, Salinity, Nitrogen, Phosphorus, Water Clarity,
Chlorophyll-a 1984-2020



Step 1: Environmental conditions have changed from

climate change and human activities
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Step 1: ID major communities of Chesapeake Bay
seagrass and vegetation
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Step 1: Dominant communities have changed over
time in response to climate and management
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Predicting the future in three steps

How have past environmental conditions affected
seagrass and aquatic plant communities?

Build structural equation models to explain how past environmental
changes have affected each dominant community



Structural Equation Modelling
example from Ruppia

Water Clarity
Nutrients 1 )
(Nitrogen & = Chlorophyll -a
Phosphorus)

Salinity

AWidg: R? = 0.59
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Step 1 RESULTS:
Different communities controlled by different seasonal
variables, according to SEM from 1984-2020
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Predicting the future in three steps

Climate (temperature, precipitation) and human
activities (nutrients) have reshaped environmental
conditions and species dominance in Chesapeake Bay



Predicting the future in three steps

Climate (temperature, precipitation) and human activities
(nutrients) have reshaped environmental conditions and
species dominance in Chesapeake Bay

How will environmental conditions shift with climate
change & with human activities?



Modeling Climate Change Effects on Chesapeake
Water Quality Standards and Development of 2025
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Step 2: Two future scenarios from CBP Modeling data
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Step 2: Temperature increase & rainfall volume and
frequency increase in both, nutrient reductions vs no

further reductions
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Step 2: Temperature increase & rainfall volume and
frequency increase in both, nutrient reductions vs
no further reductions
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Step 2: More Scenarios! Spring Nitrogen in Freshwater
zone w/ even more nutrient reductions
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Step 2: “All Agreed Upon Nutrient Reductions”
Connowingo Dam infill + 20 million |bs of nitrogen and 1

mil Ib of phosporus reduced

oy

C1-

S0l 2

2

;‘é%z-f 1
" o
0L =0

2000 2020 2040

All Nutrient Reductions

2060 2000 2020 2040 2060
year

s

tion

M

2000 2020 2040 2060



Step 2: “Control” Scenarios
To aid in comparisons
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Step 2: “Control” Scenarios No Climate Change /
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Predicting the future in three steps

Climate (temperature, precipitation) and human activities
(nutrients) have reshaped species dominance in CB

Temperature rise, precipitation volume & intensity
Increases are inevitable. Nutrient reductions will
dictate future Bay conditions



Predicting the future in three steps

Climate (temperature, precipitation) and human activities
(nutrients) have reshaped species dominance in CB

Temperature rise, precipitation volume & intensity
increases are inevitable. Nutrient reductions will dictate
future Bay conditions

How will shifting conditions and shifting species affect
SAV meadow coverage into the future?



Predicting the future in three steps

How will shifting conditions and shifting species affect
SAV meadow coverage into the future?

Predictive mixed effects models under two future scenarios (2021-
2060)

1000 simulations for each community



Step 3: Baywide climate change predictions|
Into the SAV Multiverse!!
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Into the SAV Multiverse!!
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Step 3: Baywide climate change predictions|
95% simulation envelopes show +50,000
acres by 2040 if nutrient reductions continue
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Step 3: Baywide Climate change predictions|
0% of simulations reach Baywide goals..but nutrient
reductions get much closer by 2060!

Baywide SAV Goal (184.889 A
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Step 3: SAV Community Climate change predictions]
Zostera declines inevitable w Temp rise, Nutrients temper
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Step 3: SAV Community Climate change predictions]
Zostera declines inevitable w Temp rise, Nutrients temper
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Step 3: SAV Community Climate change predictions|
Major Ruppia benefits from Nutrient Reductions
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Step 3: SAV Community Climate change predictions]
New dominants respond most positively to nutrient reductions!
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Step 3: SAV Community Climate change predictions]
New dominants respond most positively to ALL REDUCTIONS
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Step 3: Regional Climate change predictions]

Gains in Choptank, Lower E Shore, MD mainstem offset losses in York/James
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Step 3: Regional Climate change predictions]
Visualize Baywide, Community, and Regional predictions on our
we b a pp! Predict-SAV ~ Home Bay  Segments  SpeciesCommunities < <> Source Code
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Predicting the future in three steps

Climate (temperature, precipitation) and human activities
(nutrients) have reshaped species dominance in CB

Temperature rise, precipitation variation are inevitable.
Nutrient reductions may dictate future Bay conditions

Widgeongrass and freshwater dominance elevates the
importance of future, further nutrient reductions for a
vegetated Chesapeake Bay



SUMMARY /&

* Temperature increases will widen the shift in dominant species, and
management must adjust accordingly.

* Nutrient reductions in the tidal fresh/oligohaline & Ruppia zones are
essential, especially because the new dominants respond best to nutrient
management

* Further reductions will have biggest effect in Potomac, MD mainstem, Choptank

* Local/regional action offsets and prevents the effects of global climate
change (1)
* targeted nutrient management that benefits climate-tolerant species encourages
continued recovery



SUMMARY | Nutrient reductions become more important
as temperatures rise
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\
LESSONS LEARNED &

WHAT WE DO NEXT S

* Segment goals, baywide goals... now we need community goals

* Importantly, community change monitoring (i.e., Sentinel program) to better define the
community zones

* We must start quantifying species shifts, food web shifts, and changes in
fisheries

* Importantly, community change experiments and surveys (i.e., Sentinel program) to
better track species abundance shifts

* What would other regions need to do predictions like this, as more
conditions and species change?

» Can we build a roadmap for data less-fortunate regions to get on track for climate
change?



QUESTIONS?
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\
LESSONS LEARNED

WHAT WE DO NEXT |/ ™

* Demonstration of our web-based app to visualize climate change
predictions across the Chesapeake Bay

* https://[www.vims.edu/research/units/programs/sav/predicting-
sav/index.php

* https://vims-sav.shinyapps.io/predict-sav/#section-segments
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Step 2: Two future scenarios from CBP Modeling data
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