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LIKELY | CLIMATE CHANGE IMPACTS
TREND IN CHESAPEAKE BAY

Wiites Notindir Water temperatures could exceed
habitable range.
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Water temperatures could reach near
the upper limit of habitable range
and also conducive to outbreaks of
mycobacterial infections.
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Declining eelgrass habitat with rising
Blue crab sea level and exacerbated eutrophi-
cation.
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While many studies focus on commercially important species, it is important to
consider impacts on other species as well. For instance, the coffee-bean snail,
Melampus bidentatus, is a common snail found in marshes from Nova Scotia to
Florida to east Texas. It can be 50-70% of the total standing stock biomass of benthic

invertebrates. That's a lot of biomass and potential prey energy that may be affected
by climate change, specifically, sea-level rise.

Johnson 2011 - Marine Ecology Progress Series



Salt marshes have distinct zonation patterns with flood tolerant species such as Spartina
alterniflora in the low marsh and flood-intolerant species such as S. patens restricted to
the high marsh. My lab has found that there is a clear pattern in coffee-bean snails, with

juveniles restricted to high-marsh habitats. Our transplant studies show that juveniles
experience significant mortality outside of the high marsh habitats, suggesting that the
high-marsh is critical for persistence of this species.

Johnson and Williams, in review



As sea-level rises, the prediction is that the high marsh will be displaced by flood

tolerant species. Complete loss of the high marsh may result in local extinction of this
abundant snail and other species that rely on this habitat.

Johnson and Williams, in review
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While the redfish and the rockfish may not directly consume the coffee-bean snail, the
snail does represent an important link between salt marsh production and the
production of these fishes. Thus, the loss of this snail and other prey species associated
with the high marsh may lead to negative impacts on higher trophic levels (e.g., redfish).



Moving to the subtidal, we have two main seagrass species, with widgeongrass (Ruppia)

in shallower water and eelgrass (Zostera) in deeper water.
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Moore et al. 2000 — Estuaries
Moore et al. 2014 — Estuaries and Coasts



Temperature increases have been shown to lead to eelgrass loss; which can then be

replaced by widgeon grass (to a certain depth). This is temperature effect is independent
of the effect of other stressors such as high turbidity or eutrophication.

Moore et al. 2000 — Estuaries
Moore et al. 2014 — Estuaries and Coasts



While we have success in restoring eelgrass on the eastern shore, it is likely in certain
areas, particularly the lower Bay, we will lose eelgrass. As we do, how will the

replacement habitat serve us? For example, is widgeongrass (Ruppia) a suitable habitat
for blue crabs relative to eelgrass?

Declining eelgrass habitat with rising
sea level and exacerbated eutrophi-
cation.

Blue crab ‘




More generally, we recognize that coastal habitats are changing whether you're in the
Bay or Oceanside. The question is, how well will these changed habitats function or
provide ecosystem services such as food provisioning, carbon storage, storm protection,

or beauty?




What plant is this crab?

Another critical question is to understand where animals are getting their energy. A crab
may be found in the seagrass but some of its energy may have ultimately come from a
salt marsh. But what percentage? We know that habitats such as salt marshes and
seagrasses are critical to many species, but we don’t know where these species are
ultimately getting their energy or how much each habitat contributes. Because all of our
carbon ultimately comes from a plant, we can use technigques such as stable isotopes to
identify which habitats are critical to producing species of interests to help prioritize
conservation efforts and to understanding how that energy relationship may change
over time with changing hapjtats.

Where are
species getting
their energy?



In terrestrial ecosystems we have seen phenological mis-matches between the arrival of
migratory species or the emergence of local juveniles and their food, which can lead to
significant population declines. The same may occur in our coastal systems. For instance,
if fish larvae emerge ahead of a spring plankton bloom because of higher temperatures or
delayed freshet, there may be significantly less food available and thus, a decrease in that

fish population.
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Phenology and:
trophic interactions

A New England case study: 2012 was an ocean heat wave for the Gulf of Maine (1.3°C
higher than average of previous two decades). Lobsters moved inshore 3 weeks earlier tha
year and molted faster, which meant they got to market size sooner. The consequence was
record landings in 2012 relative to previous decades.
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A glut in the market

While catching more lobsters seems like a
good thing, it flooded the market. As a
result, lobsterman were getting up to 70%
lower ex-vessel priceS for their lobsters b}} 18 n‘liuion pounds) but price
relative to previous years. This meant continues to decline

lobstermen had to catch more lobsters to
compensate, but it was hard to offset the
cost of fuel and bait whose prices did not
decline.

This is an example of how the ecology of
an ecosystem can drive the economy of
communities.
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How will changes in
phenology and
distribution influence
trophic interactions?




Knowledge gaps In
the face of a changing climate

Ecosystem functioning of Habitat-energy use of
altered habitats? target species?

Ecological consequence
of phenological and range Multiple stressors?
shifts?




Photograph of sea-level rise courtesy of NYTimes, all other photos copyright David Samuel Johnson unless otherwise stated

Vector images courtesy of the Integrated and Application Network of the University of Maryland Center of Environmental Science,
and Lauren Huey (Melampus bidentatus)
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