reef communities, impairing the growth and reproduction of corals, as well as increasing the
bioerosion of coral skeletons. Seagrasses could help ameliorate the effects of ocean
acidification by absorbing excess CO2. It is still unknown whether sea level rise will have a major
impact on South Floridacoral reefs. An 18 inch increase in sea level is not enough to “drown”
coral reefs. There has been research that shows that coral reefs have been displaced by a
sudden 10-36 mm/yr change in water level, but this does not imply that the coral reefs have
been negatively impacted by the increase. More likely, impacts of sea level rise on coral reefs
will occur via changes in coastal water quality via inundation as deteriorating water quality is
expected to further impair corals’ capacity to endure warming stress. Adaptation potential of
corals, as well as the effectiveness of “reef resilience” strategies, is uncertain. More research is
needed to determine the impacts future climate change will have on coral reefs.

e Climate Changes Impacts on Marine Ecosystems (Holistic Analysis & Faunal Response)
—Chris Kelble, Pamela Fletcher, Geoff Cook

Saltwater recreational fishing is one of the most important revenue sources in the Everglades.
Annually, saltwater recreational fishing produces about $880 million, along with about 6,000
jobs. The Spotted Seatrout is the 2nd most caught fish in the Florida Bay. Another important
fish in the Everglades and in the Florida Bay is the Bay Anchovy, which occupies a key role in the
food web. As an important revenue source, it is valuable to understand what impacts climate
change will have on fish communities. A 1.5 foot increase in sea level rise and a 1.5°C increase
in the temperature would impact the Spotted Seatrout community, as well as Bay Anchovies. If
salinity levels increase, there would be a decrease in Bay Anchovy populations and an increase
in mesozoplankton. The reason for the increase in the mesozooplankton is because the Bay
Anchovy makes up 81% of the zooplanktivorous community. In addition, these increases could
decrease the juvenile Spotted Seatrout population in the summer. However, it could also
increase the juvenile Spotted Seatrout population in winter. Most of all, climate change
pressures will have a dominant impact on ecosystem sustainability and service production.
Even though predictions can be made on what could happen to the Spotted Seatrout and the
Bay Anchovy in isolation under certain climate change predictions, this does not take into
account ecosystem interactions that we know are important. The only way to accurately predict
what could happen is by using ecosystem models.

e KEYSMAP (Florida Keys Marine Adaptation Planning) —Robert Glazer
The Florida Keys are among the most highly vulnerable coastal areas in the U.S. with respect to
a changing climate due to the low-lying topography, the reliance of the economy on a fragile
coastal ecosystem, and the high degree of endemism. Yet the response of the ecosystem and
its components under a changing climate is poorly understood. To investigate these responses,
we coupled sea level rise and sea surface temperature models and used the results to examine
a suite of alternative future scenarios. The scenarios were used to envision the first order
response of key ecosystem components (Spiny Lobster, Loggerhead Turtles, Goliath Grouper).
The project was designed to best inform managers as they develop responses to climate-driven

impacts.
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V. DAY TWO: DISCUSSIONS OF THE IMPLICATIONS OF SCENARIO RUNS

A. Evaluating Information Needs and Uncertainty Scenarios — Breakout Groups
The oral presentations by experts concluded on day 1 of the meeting. On day 2, meeting
participants were divided into three breakout groups, each one having a diverse mix of
scientists and resource managers. Each group was asked to answer three questions and record
the results for presentation back to the full group with discussion. The three questions
addressed in the breakout groups were:

Question 1: In evaluating the response of the various ecosystem components to climate
change, what research gaps exist that led to lower than acceptable certainty in your
projections?

Question 2: In evaluating the response, what additional information (from model
output, etc.) would have helped you make your projections?

Question 3: What are the greatest needs by management?

Additionally, the groups were asked to consider dynamics associated with ecosystem feedbacks
that span the boundaries of Lake Okeechobee, freshwater wetlands and coastal and marine
ecosystems. The ideas discussed in these break-out groups have been synthesized into a list of
Considerations for Restoration and Resource Decision Makers which are detailed in the next
section of this document.

B. Considerations for Restoration and Resource Decision Makers

Climate change will affect the outcome of Everglades restoration in a number of ways: through
direct and indirect consequences of sea level rise and associated saltwater intrusion into the
peninsula; through increased temperature and evapotranspiration that will impact the
availability of water for both the natural and urban environment; and through changes in the
amount, timing and distribution of rainfall. Rising seas may threaten the integrity of coastal
peat soils and flood coastal plants. Increased temperature and longer-lasting droughts may
severely reduce available freshwater. In addition, fire, invasive species and disease may interact
with these changes to have unexpected adverse impacts to Everglades flora, fauna and
ecosystem services.

The workshop identified that the effects of climate change must be carefully considered and
that those effects deemed most likely to influence the outcome of CERP should be taken into
consideration in the planning and implementation of regional projects. The workshop also
identified that major uncertainties exist, from those associated with climate projections to
those about specific changes in ecological structure and function. These uncertainties must be
prioritized and then reconciled with timely research that can support decisions by resource
managers.
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The following list provides some examples of research and management needs.

Scientific Information and Understanding Gaps:

Major factors determining the availability of freshwater in the greater Everglades are the
future rainfall and the magnitude of evapotranspiration. Currently, evapotranspiration is
estimated as a simple generic function of temperature. Site-specific relationships between
all climate variables, including air temperature and evapotranspiration, need to be
developed. Better rainfall scenarios also need to be developed.

There is a potential for large-scale peat collapse and land loss due to intrusion of salt water
at the southern end of the Everglades. To understand the magnitude and timing of these
impacts, research is needed regarding the status and dynamics of factors influencing
elevation change - especially the magnitude and variability of salt-water intrusion.

The Florida Bay mud-banks are barriers that protect the Bay and the Everglades from wave
energy and storm surges. Information is needed regarding how they will be affected by
climate change, including their current elevation, rates of erosion, sedimentation, and net
elevation change.

Integrated hydrologic-ecological models are needed to evaluate current status and dynamics
in response to climate change scenarios.

Information is needed about how key processes like peat accretion and loss, and viability of
seed banks, will be affected by prolonged periods of drying.

We need to understand the vulnerability and resilience of populations to changing patterns
of landscape connectivity.

We need to learn how to build ecosystem resilience. We need to gain understanding of
community and ecosystem dynamics and management influences on these dynamics
sufficient to identify mechanisms that increase resilience. This need includes research to
identify tipping points and to develop early-warning indicators.

We need to understand the role of fire, invasive species and disease as they influence
ecosystem responses to climate change.

Scientific Applications: A Path to More Effective Ecosystem-Based Management

There is a need for improved communication, outreach and education, which engages both
managers and the general public. Scientific understanding of the impacts of climate change
must be communicated openly and honestly.

We need to expand the scope of ecosystem analysis to encompass societal needs and
dynamics, including economics and water demands. For South Florida, integrated
ecosystem-human system planning and analysis should include consideration of the entire
Kissimmee-Okeechobee-Everglades system and the adjacent marine system.

Adaptive management is a recommended approach to build resilience needed to deal with
climate change. A better understanding of the ecosystem resilience to change is also
necessary.
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e In collaboration with managers and the public, we must build an understanding of the

importance of environmental variability in natural ecosystems, including recognition of the

importance of pulsed events.

e Management decision support should incorporate indicators that minimize the risk of

reaching critical tipping points.

e One recommended focus for management is the appropriate delivery of freshwater flows to

coastal wetlands, which provide a critical defense of the Everglades landscape and water

supplies in the face of sea-level rise. For South Florida, sea-level rise appears likely to be the

element of climate change that will most strongly and quickly alter our environment and

society.

VI.

NEXT STEPS

A. Final Report and 4-Page Summary

This final report and a 4-Page Summary were drafted and circulated among the steering

committee members for input. This report summarizes the two-day technical meeting and the

4-Page Summary was created to present the more significant highlights in an ‘at-a-glance’

format.

B. Recommendations by Steering Committee for next technical meeting

A general consensus emerged from the meeting on two main points.

1. The basic principle of Everglades Restoration, “getting the water right” by restoring as

much as possible of the original hydrologic system, is even more important in the face of
sea level rise and other climate changes;

Adaptive Management is critical in order to maximize management efficacy in the face
of complexity and uncertain timing and magnitude of climate change.

A number of follow up actions currently are being planned:

A meeting that will include a small number of managers and scientists to identify
immediate follow up action items, including key information gathering and monitoring
that should be initiated immediately. Also, work will be done to identify adaptation
actions that might be built into ongoing CERP projects.

A technical meeting of a small number of scientists and managers is being planned for
November 2013 to hone in on the key knowledge gaps tentatively identified at the
February technical meeting. In addition, a short priority list of vital research activities
will be created. This is research needed to allow for a better understanding of potential
medium term threats and adaptation opportunities.

The research findings from the February technical meeting will be published as a special
series in Environmental Management in 2013.
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Dave Rudnick, Everglades National Park
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