


Gulf of Mexico Ecosystem Science
Assessment and Needs

Edited by Dr. Shelby Walker, Dr. Alyssa Dausman, and Dr. Dawn Lavoie

A product of the Gulf Coast Ecosystem Restoration Task Force Science Coordination Team

April 2012

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




Any use of trade, product, or firm names is for descriptive purposes only and does not imply endorsement by the
U.S. Government.

Although this report is in the public domain, permission must be secured from the individual copyright owners to
reproduce any copyrighted materials contained within this report.

Suggested citation:
Walker, Shelby, Dausman, Alyssa, and Lavoie, Dawn, eds., 2012, Gulf of Mexico Ecosystem Science Assessment and
Needs—A Product of the Gulf Coast Ecosystem Restoration Task Force Science Coordination Team, 72 p.

-
<
L
=
-
O
o
(@
L
>
—
- -
O
o 4
<
<
o
Ll
2
=




b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

Executive Summary

The Gulf Coast Ecosystem Restoration Task Force (GCERTF) was established by Executive
Order 13554 as a result of recommendations from “America’s Gulf Coast: A Long-term Recovery Plan
after the Deepwater Horizon Oil Spill” by Secretary of the Navy Ray Mabus (Mabus Report). The
GCERTF consists of members from 11 Federal agencies and representatives from each State bordering
the Gulf of Mexico. The GCERTF was charged to develop a holistic, long-term, science-based Regional
Ecosystem Restoration Strategy for the Gulf of Mexico. Federal and State agencies staffed the GCERTF
with experts in fields such as policy, budgeting, and science to help develop the Strategy. The Strategy
was built on existing authorities and resources and represents enhanced collaboration and a recognition
of the shared responsibility among Federal and State governments to restore the Gulf Coast ecosystem. In
this time of severe fiscal constraints, Task Force member agencies and States are committed to establish-
ing shared priorities and working together to achieve them.

As part of this effort, three staffers, one National Oceanic and Atmospheric Administration (NOAA)
scientist and two U.S. Geological Survey (USGS) scientists, created and led a Science Coordination
Team (SCT) to guide scientific input into the development of the Gulf of Mexico Regional Ecosystem
Restoration Strategy.

The SCT leads from the GCERTF coordinated more than 70 scientists from the Federal and State Task
Force member agencies to participate in development of a restoration-oriented science document focused
on the entire Gulf of Mexico, from inland watersheds to the deep blue waters. The SCT leads and scientists
were organized into six different working groups based on expanded goals from the Mabus Report:

Coastal habitats are healthy and resilient.
Living coastal and marine resources are healthy, diverse, and sustainable.
Coastal communities are adaptive and resilient.

Storm buffers are sustainable.

A

Inland habitats and watersheds are managed to help support healthy and sustainable Gulf of
Mexico ecosystems.

6. Offshore environments are healthy and well managed.

Each working group was charged with defining their specific goal, describing the current conditions
related to that goal (for example, the status of coastal habitats in the Gulf of Mexico), providing high-
level activities needed to further define and achieve the goal, with associated outcome-based performance
indicators, and identifying the scientific gaps in understanding to accomplish the goal and implement
the recommended activities. The overall scientific assessment reveals that the Gulf of Mexico ecosystem
continues to suffer from extensive degradation, and action is necessary to develop a healthy, resilient, and
sustainable Gulf of Mexico ecosystem.

The six groups also were tasked with outlining the necessary monitoring, modeling, and research
needs to aid in achieving the goals. Recognizing that (1) the scientific needs (monitoring, modeling, and
research) overlap among many of the goals, and (2) an overarching scientific framework could be devel-
oped to implement the necessary science in support of the Strategy, a seventh group was created with
several members from each of the original six working groups. This seventh group compiled all of the
cross-cutting monitoring, modeling, and research needs previously identified by the individual groups.
These scientific requirements are found in Chapter 5 of this document.

The seventh group also has developed a Science Plan, outlined in Chapter 6. The Science Plan
provides the basic science infrastructure to support the overall Gulf restoration program and Strategy.
The Science Plan allows for the development of an iterative and flexible approach to adaptive manage-
ment and decision-making related to restoration projects based on sound science that includes monitor-
ing, modeling, and research. Taken in its entirety, this document helps to articulate the current state of the
system and the critical science needs to support effective restoration of the Gulf of Mexico resources that
have been trending towards decline for decades.
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Gulf of Mexico Ecosystem Science Assessment and Needs

A product of the Gulf Coast Ecosystem Restoration Task Force Science Coordination Team

Edited by Dr. Shelby Walker?, Dr. Alyssa Dausman®, Dr. Dawn Lavoie®

1 Introduction

The Gulf Coast Ecosystem Restoration Task Force
(GCERTF) was established by Executive Order 13554 as
a result of recommendations from “America’s Gulf Coast:

A Long Term Recovery Plan after the Deepwater Horizon

Oil Spill” by the Secretary of the Navy, Ray Mabus (Mabus
Report)'. The GCERTF consists of members from 11 Fed-
eral agencies and representatives from each State bordering
the Gulf of Mexico. Federal and State agencies staffed the
GCERTF with experts in fields such as policy, budgeting, and
science to help develop the Gulf of Mexico Regional Restora-
tion Strategy (Strategy). The Strategy was built on existing
authorities and resources and represents enhanced collabora-
tion and a recognition of the shared responsibility among
Federal and State governments to restore the Gulf Coast
ecosystem. In this time of severe fiscal constraints, Task Force
member agencies and states are committed to establishing
shared priorities and working together to achieve them.

The Science Coordination Team (SCT) for the GCERTF
was developed to guide scientific input in the development of
the Strategy. The intent of the Strategy was to articulate the
long-standing issues facing the Gulf of Mexico ecosystem and
to identify recommendations to help address these issues. Fun-
damental to the success of the Strategy is ensuring that it has a
robust and defensible scientific foundation. The GCERTF was
tasked with producing the Strategy within 1 year of the signing
of the Executive Order that created the GCERTF. Given this
accelerated timeline, the activities of the SCT and those of the
Strategy development occurred in parallel, with draft products
from the SCT helping to inform the Strategy development over
the compressed timeframe. The Strategy development worked
through an iterative process to identify and develop the issues,
goals, and objectives of the Strategy, starting initially from the
following principles initially identified in the Mabus Report.?

Principle 1. Coastal wetland and barrier shoreline habitats
are healthy and resilient.

Principle 2. Fisheries are healthy, diverse, and sustainable.
Principle 3. Coastal communities are adaptive and resilient.
Principle 4. A more sustainable storm buffer exists.

* National Oceanic and Atmospheric Administration, Science Coordination
Team Lead.

> U.S. Geological Survey, Science Coordination Team Lead.

Principle 5. Inland habitats, watersheds, and offshore waters
are healthy and well managed.

As part of the Strategy development, the GCERTF
synthesized and applied these principles in defining four
goals that capture the restoration needs of the Gulf: Restore
and Conserve Habitat; Restore Water Quality; Replenish and
Protect Living Coastal and Marine Resources; and Enhance
Community Resilience. Because the SCT work was occur-
ring concurrently with the Strategy development, the SCT
continued to use the Mabus initial five (then six, noted below)
principles (now termed “goals”) as the guiding construct for
their work. Elements within each of these goals can be used
by the GCERTF to continue to refine their activities moving
forward with implementation. The SCT work included identi-
fying current conditions in the Gulf of Mexico as they relate to
these goals and specifying activities, actions, and performance
indicators needed to address these goals with respect to cur-
rent conditions and gaps in knowledge. The SCT recognized
that the challenges facing the Gulf of Mexico ecosystem are
numerous and determined that addressing these six goals
would serve to inform the Strategy and its four goals and asso-
ciated objectives, as well as future efforts in the Gulf that may
not be directly addressed by the Strategy. The activities out-
lined in this document are intended as recommendations, not
commitments on the part of the GCERTF, and are not intended
to replace any specific actions recommended by the GCERTF
in implementation, but instead, help provide the foundation to
ensure that the GCERTF actions are scientifically robust.

The goals highlighted within this document are oriented
around the many components of the ecosystem, including the
human component. Given the interconnected nature of the
Gulf ecosystem, issues that relate to one goal (for example,
coastal habitats are healthy and resilient) often have direct
bearing on other goals (for example, living coastal and marine
resources are healthy, diverse, and sustainable) and as such,
are discussed in multiple areas. Additionally, as a document
articulating the science intended to support the Strategy, many
of the activities and actions described herein enable the knowl-
edge and understanding required to make and implement
informed decisions, in addition to articulating discrete restora-
tion efforts that can be used by the GCERTF or other entities
involved in restoration in future planning. The SCT recognized
that both discrete actions and the science underpinning them
need to be advanced to ensure effective restoration efforts.
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2 Gulf of Mexico Ecosystem Science Assessment and Needs

In addition to describing the current state of the Gulf of
Mexico ecosystem and necessary actions to help address it,
the SCT determined a need to define an overarching science
framework or program that would help advance the activities
defined here. This program would help ensure that focused
and ecosystem-wide science would be available to provide
the foundation for successful development, implementation,
and adaptive management of projects, and maintain a broader,
integrated and holistic perspective of the entire ecosystem.

Process

The first SCT meeting, held in January 2011, had 27 par-
ticipants. From that meeting, five Science Working Groups
(SWGs) were developed. More than 70 scientists from 10 Fed-
eral agencies and 5 State governments participated on the SCT
and in the five SWGs (Table 1). The SWGs were tasked with
the following deliverables at that time:

* Define the principles (now termed “goals”) in terms

that can be understood by a diverse audience and
are measurable.

 Describe the current conditions (that is, baseline) and
key issues underlying these goals.

* Identify three to five activities and supporting actions
(that is, not site-specific projects) that should be imple-
mented to achieve the goals; use existing reports and
information as resources.

* Identify specific and measurable outcome-based (pref-
erably not output) performance indicators (for exam-
ple, ecosystem function versus acres restored). Identify
and address specific gaps in current understanding to
accomplish and support the goals and implement the
scientific activities.

Table 1. States and Federal agencies participating on the
Science Coordination Team and Science Working Groups.

States

Alabama

Florida

Louisiana

Mississippi

Texas

Federal Agencies

Bureau of Ocean Energy Management (BOEM)

National Aeronautics and Space Administration (NASA)

National Oceanic and Atmospheric Administration (NOAA)

National Park Service (NPS)

The White House Office of Science and Technology (OSTP)

U.S. Army Corps of Engineers (USACE)

U.S. Department of Agriculture (USDA)

U.S. Environmental Protection Agency (EPA)

U.S. Fish and Wildlife Service (FWS)

U.S. Geological Survey (USGS)

Additional meetings were held with full SCT member-
ship present on March 1, 2011, and then with only the SWG
leads on March 2, 2011. The purposes of these meetings were
to help refine and expand the above deliverables. Additional
tasks were assigned to the SWGs to help refine the input,
including:

* Refine the high-level activities previously identified.

* Identify specific monitoring needs for measuring prog-
ress towards the goals.

* Identify recurring issues shared by some of the goals,
such as sediment input, freshwater input, climate
change, etc.

As discussions among the teams progressed, the SCT
decided to separate the team focusing on Inland Habitats,
Watershed, and Offshore Waters into one team focusing on
Inland Habitats and Watersheds and a second team focusing on
Offshore Environments. The rationale behind this separation
was that the two regions are distinct, with differing stressors
and problems. The discussion highlighted the need to main-
tain coordination between the two resultant teams, given the
connection of input from the watershed (that is, nutrients,
sediments, and contaminants) and the watershed’s affects on
offshore waters (that is, “dead zone” formation). The final goal
teams are:

Group 1. Coastal habitats are healthy and resilient.
Group 2. Living coastal and marine resources are healthy,
diverse, and sustainable.

Group 3. Coastal communities are adaptive and resilient.
Group 4. Storm buffers are sustainable.

Group 5. Inland habitats and watersheds are managed

to help support healthy and sustainable Gulf of Mexico
ecosystems.

Group 6. Offshore environments are healthy and well
managed.

In addition to these groups, a separate subgroup was
established to examine the science framework necessary to
support an effective adaptive management capacity. This
subgroup evaluated the research, modeling, monitoring, and
decision support needs (information and tools for resource
managers and decision-makers) and integration required to
inform planning and evaluation of restoration efforts. Many of
the recommendations from goal teams were used to inform the
subgroup examining the science framework to support adap-
tive management.

This document is a compilation of those deliverables from
the SCT and SWGs. Note: The compilation is an evolving
document and will be continually improved and refined based
on discussion with the broader Gulf of Mexico stakeholder
community. It has benefitted tremendously from the substantial
input from the SCT, SWGs, and a suite of external reviewers
(groups and individuals not involved in the generation of this
document) who are well-versed in the challenges facing the
Gulf of Mexico and who provided candid and constructive
comments on the scope, content, and format of this document.
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2 Goals

2.1 Coastal Habitats Are Healthy and Resilient

Coastal wetlands, estuaries, and barrier shoreline habi-
tats (for example, barrier islands, mainland beaches, natural
levees, ridges, chenieres, and other shoreline habitats) are
intrinsic to the health, resiliency, and sustainability of the Gulf
of Mexico and to the ecosystem services upon which humans
rely. The goals are to promote a sustainable and resilient eco-
system supported by wetlands, estuaries, and barrier shorelines
that achieve and maintain a dynamic and productive synergy
of ecologic, economic, and social capacities that can adapt to
and recover from harmful change. Healthy ecosystems should
be able to adapt to meet the needs of future generations with a
minimal reliance on human intervention.

Wetland habitats support wildlife and fisheries, help
maintain water quality, and protect shores from storm surge
and wave action.>*> The Gulf of Mexico is home to a major
percentage of the U.S. coastal wetlands; Louisiana alone
represents nearly 40% of the wetlands in the continental U.S.°
Rapid loss of Gulf of Mexico habitats is occurring from popu-
lation growth and development, sea-level rise, subsidence, and

2 Goals 3

storm events. In addition, past alterations to regions such as the
Everglades and the Mississippi River delta have considerably
changed these ecosystems. Numerous engineering projects
have resulted in altered hydrology and reduced availability of
sediments to replenish deltaic wetlands. Dredging to establish
canals and pipelines to support the oil and gas industry has
further compromised the integrity of these ecosystems.

Estuaries are among the most productive systems on
earth; more than 95% of the commercially fished species and
many recreationally fished species from the Gulf of Mexico
depend on estuaries during some part of their life cycle. The
diminished quality of Gulf estuaries is amply evidenced by
reduced water clarity and quality, loss of seagrass meadow
acreage, fish consumption advisories, and harmful algal
blooms resulting in beach and shellfish bed closures. Another
service that estuaries provide is carbon sequestration.’

The barrier islands, beaches, and mainland shorelines
along the Gulf Coast are naturally dynamic and are influenced
by storms and sea-level rise. Many shorelines are naturally
ephemeral and often move from under/around static, human-
built structures. Barrier island habitats also are affected by
human development and engineering projects that reduce
deposition of sediments and increase the potential for erosion.

them.

habitats.

vital coastal habitats.

Subgoal 1: Develop a better understanding of the key ecosystem factors that
make coastal habitats resistant in the face of various stressors that are affecting

Subgoal 2: Quantify the important relations among sediments, nutrients, and salin-
ity or freshwater flow as they relate to optimal distribution and function of coastal

Subgoal 3: Determine thresholds or tipping points that can be monitored to trigger
management action and develop restoration strategies to maintain and restore

Subgoal 4: Focus planning and projects on restoration to resilient and sustainable
habitat conditions, as opposed to historical or past benchmarks.
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2.2 Living Coastal and Marine Resources Are
Healthy, Diverse, and Sustainable

Healthy Gulf of Mexico living marine resources (algae,
corals, oysters and mussels, crabs, shrimp, fish, turtles,
seasbirds, and marine mammals, among other organisms) are
important because of their inherent value to the ecosystem as
well as to the region’s economy (commercial and recreational
values). Many of these species can be used as indicators of
overall ecosystem health because they are sensitive to bio-
logical, chemical, and physical conditions of the ecosystem
and may reflect environmental changes through population
abundance and other variables. Maintaining living coastal
and marine resources that are healthy today, and that are also
resilient and sustainable into the future, is an ambitious goal
considering the multiple ecosystem stressors that affect these
resources. Humans have changed Gulf ecosystems through a
variety of activities directly affecting living resources, such
as fisheries harvests, and indirectly through loss of habitat
and degraded water quality; therefore, unless human activities
are modified, the health of the Gulf living coastal and marine
resources will likely continue to decline.

Living coastal and marine resources today are at abun-
dances below those the ecosystem supported historically; they

are now sustainable only through extensive fishery manage-
ment actions and conservation measures. As the habitats

that these resources need for survival continue to be altered,
degraded, and lost, management of the living marine resources
alone will likely not prevent future declines. The level of eco-
system services that the Gulf of Mexico has provided cannot
be sustained at the current levels, leaving little buffer against
stresses (for example, substantial freshwater input into estuar-
ies from rivers due to extreme flooding events can impact
oysters, which are sensitive to salinity levels in water).

With sufficient data, economic and ecosystem service
effects of natural and human-influenced (anthropogenic) disas-
ters can be estimated, but current deficiencies in resources and
habitat data limit our ability to adequately estimate changes
from short- and long-term stressors. An important tool for
improving our understanding of the ecosystem is modeling,
which, in turn, can support critically-needed planning. How-
ever, monitoring data are essential for building such models.
Well-developed models can be used in planning efforts to seek
efficient methods for protecting habitats in conjunction with
harvesting or maintaining living marine resources and ensur-
ing that stocks continue for generations to come.

Subgoal 1: Reduce the negative stressors that affect the current value and future
sustainability of Gulf of Mexico living marine resources.

Subgoal 2: Estimate the economic effects on living marine resources and their habi-
tats through ecosystem service analysis to assess changes from short- and long-term
stressors.

Subgoal 3: Develop and implement validated ecosystem models of the physical and
biological factors in the Gulf of Mexico to understand the effects of factors that may
be controlled (such as the amount of sediment that is being released into the Gulf) or
are beyond our control (such as sea-level rise and ocean acidification).

Subgoal 4: Increase protection and improvements in the management of the Gulf
ecosystem and watersheds to avoid and reverse declines in the availability of quality
habitat, the ecosystem, and the resources the ecosystem supports.
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2 Goals 5

2.3 Coastal Communities Are Adaptive * Human-influenced disasters, such as oil spills; and
and Resilient + Societal and economic challenges, such as downturns
in specific industries reliant on ecosystem services

Resilient Gulf Coast communities have the capacity to and risks to infrastructure supporting Gulf communi-

adapt to changes, including those associated with short- and ties (for example, potable water) and industries (for

long-term environmental hazards, both natural and human. example, transportation routes).

Cpmmunities need.to be 'c.ldaptive and r§silient to a host of Because the Gulf Coast is diverse environmentally,

risks and changes, including the following events: economically, and culturally, the needs and interests of coastal
* Natural disasters, such as hurricanes and other storms, ~ communities may vary, and the most effective solutions are

and long-term hazards, such as coastal erosion and based on local conditions.

relative sea-level rise;

Subgoal 1: Conduct research to fully assess the relations between ecological sys-
tems and communities, and use the research to identify management practices that
sustain ecological functions and ecosystem services, as well as enhance ecological
and community resilience.

Subgoal 2: Identify commonalities and differences in community needs and current
conditions across the Gulf Coast to ensure that local community-driven efforts are
developed to promote community resilience and cohesion.

Subgoal 3: Provide coastal communities with the ability to plan for and achieve com-
munity growth while minimizing current and future risks.

Subgoal 4: Increase awareness and understanding of ecosystems for Gulf Coast lead-
ers and residents as to how land change, anthropogenic modifications, and natural and
manmade hazards can affect ecosystem function and resilience.

Subgoal 5: Organize human networks at the community and regional levels to under-
stand, prepare for, and recover from the risks inherent in living on this coast.

Subgoal 6: Equip coastal community leaders with the skills to communicate risk to
managers at all administrative levels and to the community at large.

Subgoal 7: Consolidate community support tools and information into accessible for-
mats that encourage local communities to evaluate multiple scenarios when making
decisions that affect community resiliency.

Subgoal 8: Establish community buy-in for all programs and projects related to the
Gulf Coast Ecosystem Restoration effort.
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6 Gulf of Mexico Ecosystem Science Assessment and Needs

2.4 Storm Buffers Are Sustainable

The overall intent of this goal is to provide sustainable
natural and man-made storm buffers for the Gulf Coast with
limited unintended consequences (such as negative effects
on adjacent areas or other components of the ecosystem),
recognizing that not every coastal community may receive or
benefit from effective storm buffers. Accordingly, the focus is
on specific activities that would accomplish the following:

* Identify areas particularly vulnerable to storms and
inundation in order to allow prioritization of projects
and actions to reduce future impacts;

» Develop an understanding of natural processes, such as
sediment transport, which would improve the sustain-
ability of natural buffers in those environmental set-
tings where such processes were historically present;

» Develop tools that accurately assess and identify strate-
gies in constructing or restoring effective built and
natural buffers to reduce risks to storm surge; and

* Develop and evaluate tools and provide guidance
that could assist Federal agencies, States, and local
governments in their efforts to provide sustainable
and cost-effective protection against storms and rising
sea levels.

Subgoal 1: Develop a better understanding of critical
landscape features (i.e., geomorphic, biological, physio-
chemical, engineered) to reduce storm risk for communities
across the Gulf.

Subgoal 2: Develop a better understanding of engineering
tools used in storm risk assessment such as storm surge
models and coastal erosion models.

Subgoal 3: Assist in the prompt sharing of latest relevant
natural and social science to Federal, State, and local
agencies to reduce risk to people and property.

25 Inland Habitats and Watersheds Are
Managed to Help Support Healthy and
Sustainable Gulf of Mexico Ecosystems

Healthy inland habitats and watersheds are critical to
a sustainable Gulf of Mexico. For example, the Mississippi
River watershed encompasses 31 states and approximately
1.85 million square miles (4.76 million km?).! Human man-
agement of this river catchment system controls the delivery
of nutrients, pollutants, freshwater, and sediments into the
Gulf of Mexico. Land-use practices within the watershed also
affect the habitats that are vital corridors of wildlife migra-
tions. Downstream from the watershed, these land-use effects
establish the conditions of brackish waters and estuaries that
are important nursery areas for fisheries. The ultimate goal
of a healthy, sustainable Gulf of Mexico cannot be achieved
without paying attention to how management decisions of the
watershed are integrated with downstream ecosystems.

Subgoal 1: Characterize the quality and quantity of fresh-
water entering the Gulf of Mexico.

Subgoal 2: Understand how and where inland land uses
are affecting the Gulf of Mexico. Prioritize where restora-
tion or remediation should occur.

Subgoal 3: Understand and prioritize appropriate restora-
tion and conservation actions.

Subgoal 4: Working with storm buffers (see above),
develop a sediment budget (for example, sources, sedi-
ment transport pathways, and sinks) for the Gulf of Mexico.
Balance competing interests and prioritize actions.
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2.6 Offshore Environments Are Healthy and
Well Managed

Offshore environments require protection and manage-
ment to ensure the continued ecological viability and sus-
tainable use of their rich resources, such as seafood and oil
and gas. Within the Gulf of Mexico, offshore environments
encompass a variety of ecosystems, including mesophotic coral
reefs, cold-water coral mounds, gas hydrates, chemosynthetic
cold-seeps, and water column and soft bottom communities, as
well as submerged canyons that create a diverse group of bio-
logical niches for biodiversity and ecological functions. These
environments are healthy and resilient when they can sustain
the ecosystem services upon which humans rely. For example,
commercial and recreational fisheries harvest and oil and gas
extraction are both important ecosystem services.

To determine if these sensitive ecosystems should be
managed, and if so, to manage them well, they must first be
defined. Characterizing these environments includes accu-
rately mapping their locations; inventorying their biological
diversity (species richness) and determining population sizes;
locating areas of high primary productivity; understand-
ing the reproductive cycles, habitat needs, and life spans of

2 Goals 7

organisms; and determining connectivity for keystone species
and indicators. Mapping and inventorying these resources and
monitoring identified performance indicators provide an accu-
rate baseline against which to monitor for changes as restora-
tion actions are enacted. Using the research and performance
indicators to provide a more clear understanding of these
environments enables sound management decisions related

to resource utilization (that is, determining sustainability of
fisheries, balancing energy needs with the effects of drilling
for oil and gas).

It is also important to document and highlight the many
linkages between deepwater and nearshore habitats. These
habitats are connected by biology, chemistry, and physical
oceanography. For example, cold-water coral mounds depend
on surface productivity for the rain of organic matter on which
they feed, and that productivity is stimulated by the transport
of nutrients from other regions to the Gulf of Mexico region
by ocean currents. However, when studying and modeling
offshore systems, there is typically discontinuity between
offshore modeling approaches and those that characterize the
nearshore environment. Efforts to monitor, assess, and model
the offshore environment should also address the connectivity
of the offshore and the nearshore/estuarine/inland systems.

shelf-impinging Loop Current eddies, etc.).

Subgoal 1: Develop a comprehensive long-term monitoring program that builds upon current measure-
ments of key indicator parameters (hydrodynamics, water quality/chemistry, air quality, meteorology).

Subgoal 2: Develop a smart system to monitor and integrate offshore indicators and thresholds that pro-
vide information to resource managers on events related to the health and status of the offshore ecosys-
tems (for example, hypoxia, fish and wildlife kills, phytoplankton blooms, anomalous physical parameters,

Subgoal 3: Integrate existing high-resolution Gulf of Mexico ocean modeling and forecast capabilities into
an operational ecosystem model capable of supporting real-time offshore incident response.

Subgoal 4: Develop a comprehensive consortium for marine scientists and oceanographers working in the
Gulf of Mexico to develop data standards and data management tools, prioritize research and monitoring
needs, and foster collaboration among academia, nonprofit, State, and Federal scientists.

Subgoal 5: Establish long-term monitoring of deep-sea seeps, chemosynthetic ecosystems, and cold-
water coral ecosystems to improve understanding of the vulnerability of these ecosystems.
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8 Gulf of Mexico Ecosystem Science Assessment and Needs

3 Current Conditions
3.1 Coastal Habitats Are Healthy and Resilient

This section addresses the current state of important
Gulf Coast habitats by habitat type, and by State. The Gulf
Coast is influenced by a diverse array of geomorphic and
anthropogenic processes that shape differently the habitats we
observe, from the large deltaic environments associated with
the Mississippi River to small patches of seagrass meadow. For
example, natural processes may generate and sustain barrier
islands in one area differently than processes building barrier
islands in another region. Human activities, particularly those
reducing sediment distribution and altering hydrology, affect
wetland habitats to varying degrees depending on the region,
with Louisiana wetlands being more affected than wetlands in
other States. Because of the different processes shaping Gulf
habitats, coastal habitat types are not uniformly distributed. For
example, some States may have seagrass meadows whereas
others do not, making direct comparisons between States more
complex. Understanding current conditions as they relate to the
diversity and status of Gulf habitats provides a foundation for
determining actions needed to restore these habitats.

3.1.1 Coastal Wetlands

Wetlands (marine, estuarine, and freshwater) in the coastal
watersheds of the Gulf are vast. As of 2004, these wetlands
occupied an areal extent of 19,071,000 acres (77,180 km?);
415,570 acres (1,682 km?) were lost during the period 1998 to
2004. As a result of the four hurricanes since 2005, Katrina,
Rita, Ike, and Gustav, an additional loss of 209,790 acres
(849 km?) of wetlands has
occurred.” Estimates of
Gulf-wide wetland acreage
and losses since 1998—as
measured in 2004—for
selected wetland categories
are provided below:!%¢

In 2004, the Gulf Coast had
19,071,000 acres of wetlands.
More than 415,000 acres
were lost during 1998-2004.

* Marine intertidal (common description: nearshore):
28,950 acres total (117 km?), with 1,890 acres lost
[7.65 km?] since 1998;

+ Estuarine emergent (common description: salt marsh):
2,384,880 acres total (9,651 km?), with 44,090 acres
lost [178 km?] since 1998;

* Estuarine shrub (common description: mangroves or
other estuarine shrubs): 677,800 acres total (2,743 km?),
with 1,340 acres lost [5.42 km?] since 1998;

» Freshwater emergent (common description: inland
marshes): 2,730,050 acres total (11,048 km?), with
49,670 acres lost [201 km?] since 1998; and

¢ The following list does not provide all wetland categories and losses
in the Gulf of Mexico, only selected categories. A complete list of wetland
categories and losses can be found in the reference provided. The complete
list sums to 19,071,000 acres (77,180 km?) total in the Gulf of Mexico, with
415,570 acres (1,682 km?) lost during the period 1998 to 2004.

 Freshwater shrub (common description: shrub wet-
lands): 1,581,930 acres total (6,401 km?), with
218,760 acres lost [885 km?] since 1998.

Salt marshes are the dominant coastal community habitat
type from Florida’s Apalachicola Bay south to Tampa Bay.
Florida’s salt marshes have suffered less than 10% areal loss
overall, but some urban coastal areas have faced more severe
losses.!! Almost 21% (4,984 acres [20.2 km?]) of the emer-
gent tidal wetlands in Tampa Bay were lost between 1950 and
1990, with salt marshes and salt barrens suffering dispropor-
tionately greater losses (37.0 and 35.3%, respectively), with
dredge and fill activities being the primary cause. In contrast,
between 1995 and 2007, the areal extent of emergent tidal
wetlands has actually increased by 433 acres (1.75 km?) or
about 2.2%.'> Another saltwater habitat, mangroves, has
also suffered losses over the years, but to a lesser extent. In
12 counties in South Florida, mangroves have decreased from
170,691 acres (690.8 km?) during 1988-1990 to 168,411 acres
(681.5 km?) during 20062008, which is an overall loss of
1.4%." Recent estimates of mangrove loss for Tampa Bay
are approximately 5% (1950s—2007)." Along the west coast
of Florida, mangrove and salt marsh habitats have also suf-
fered loss; for example, in Collier County (Naples), habitat
loss is 8,421 acres or approximately 7% (pre-development to
2004).1316

As of 2002, Alabama had 271,000 acres (1,097 km?)
of wetlands in its two coastal counties. An additional
400,000 acres (1,619 km?) of coastal streams and estuarine
waters are encompassed within the Mobile Bay complex.
Freshwater marshes in all of coastal Alabama declined by
approximately 69% from 1955 to 1979. More than 6,177 acres
(25 km?) were lost during that time."”

From the 1950s to the 1990s, coastal marshes in Mis-
sissippi declined from an estimated 67,000 acres (271 km?)
to 58,000 acres (235 km?), which amounts to approximately
13% of the total marsh area. This marsh loss is attributed to
urbanization and development (40%), as well as to conversion
to open water (26%).'8

Louisiana has approximately 30% of the total coastal
marsh in the United States—and accounts for 90% of coastal
marsh loss—in the lower 48 states.!” This loss—which totals
1,205,120 acres [4,877 km?] from 1932 to 2010—is primarily
due to human activities, such as the construction of levees and
dams, the installation and dredging of canals for oil and gas
exploration, the creation of channels for navigation, and sub-
sidence due to fluid withdrawals).?**22 Most recently, the four
hurricanes in 2005-2008 increased these losses (see above).

In 1992, the extent of the Texas coastal wetlands was
estimated at 3,894,753 acres (15,760 km?), with about 85.3%
palustrine, 14.5% estuarine, and 0.1% marine wetlands. Over-
all, coastal Texas wetlands sustained an estimated net loss of
210,590 acres during 1955-1992.2 More recently in Galves-
ton Bay, five wetland classes [estuarine (emergent and scrub)
and palustrine (emergent, forested, and scrub)] decreased in
the five counties that surround the Bay from 972,780 acres in
1996 to 946,988 acres in 2005.%
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3.1.2 Estuaries and Coastal Beaches

Gulf Coast estuaries are among the most productive of
natural systems. The estuaries support considerable seafood
production, including finfish, shrimp, crabs, and oysters. A
number of Gulf Coast estuaries show indications of impaired
uses. The percentage of Gulf estuaries impaired for either
aquatic-life use, human use, or both is 41% (impaired aquatic-
life use, 27%; impaired human use, 6%; and estuaries listed
as impaired for both human and aquatic-life use, 8%). Thirty-
nine percent of Gulf estuaries are currently threatened (in fair
condition). Approximately 20% of Gulf estuaries are consid-
ered unimpaired.”

3.1.2.1 Water Quality

The most widespread and major impairments in tidal
streams and estuaries in Florida, like most Gulf States, are
from mercury (measured as accumulation in fish tissue), fecal
bacteria, and depressed levels of dissolved oxygen.?* Micro-
bial pollution is a major cause of water-quality impairment in
shellfish harvesting areas and recreational beaches around the
Gulf of Mexico.

Alabama’s estuaries—including Mobile Bay, the fourth
largest U.S. estuary—received a fair ranking for water quality
in EPA’s 2008 National Coastal Condition Report.” As of
2004, detectable concentrations? of polychlorinated biphenyls
(PCBs), dichlorodiphenyltrichloroethane (DDT), and mercury
were most common in fish tissue from the Mobile Delta, while
concentrations of cadmium were detected in the lower Mobile
Bay associated with Penaeid shrimp at levels almost six times
higher than in non-Penaeid shrimp samples.?®

Mississippi has approximately 758 square miles
(1,963 km?) of coastal waters, including large estuaries,
smaller bays and tidal rivers, creeks, and bayous. Of these
waters, 97% fully support aquatic life as determined by dis-
solved oxygen content, temperature, and pH. As of 2010, Mis-
sissippi had 14 water bodies, including the Gulf of Mexico,
under fish consumption advisories for mercury. The advisories
are for the larger predator species, including king mackerel in
the Gulf.?* Between 2004 and 2008, 79 advisories were issued
for Mississippi beaches due to high bacteria levels.*

4“Selected target species were then analyzed for contaminants includ-
ing metals and organic compounds (PAHs, PCBs, and pesticides). These
compounds, once consumed can accumulate in the body over time. Predation
on contaminated fish will result in contamination of the higher trophic levels
resulting in bioaccumulation. This bioaccumulation can be cause for concern
among human populations consuming fish. Analyses for contamination were
done using the whole body of the fish. Neither EPA nor FDA guidance criteria
exist for whole body contaminants, therefore no comparison to consumption
advisories can be made with these results. Contaminants are listed based on
their presence or absence. It should be noted that if a contaminant is present
it is not necessarily in a concentration that would pose a risk; it is only in a
concentration above the minimum detection limit.” http://adem.alabama.gov/
programs/coastal/coastalforms/FinaNCANEPReport06.pdf
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In 2010, approximately 50% of Louisiana’s bays and
estuaries were in good condition, 50% were impaired, and
0% were threatened. Common causes of impairment included
bacteria, mercury in fish tissue, and depressed dissolved oxy-
gen concentrations.*’ With respect to specific designated uses,
Louisiana’s water quality has shown incremental improve-
ments since 2002 for fish and wildlife propagation (good
condition in 2002, 62.8%; in 2010, 64%).*>* During the
2010 swimming season, 55% of beach days were affected by
notification actions while the percentage was 53% in 2009 and
66% in 2008. In 2009 and 2010, Louisiana conducted sani-
tary surveys to investigate possible sources of contamination,
though none could be identified.***

In Texas, substantial impairments in tidal streams and estu-
aries include (1) dioxin and PCBs in fish tissue, primarily in the
Galveston Bay complex,* and (2) pathogenic bacteria in streams
in Houston and estuaries in the upper- and midcoastal regions.”’
Depressed levels of dissolved oxygen and mercury contamina-
tion of fish tissues are reported for Texas coastal water bodies.*
In 2010, Texas issued 207 advisories for high bacteria levels on
beaches compared to 152 advisories in 2009.3%4°

3.1.2.2 Sediment Quality

Poor sediment quality ratings are usually due to high
concentrations of metals (cadmium, mercury, lead, and zinc)
or organic chemicals (polycyclic aromatic hydrocarbons, or
PAHs) with known toxic effects on benthic biota. The Gulf
Coast region in general is rated poor for sediment toxicity.
Poor ratings for 13% of the areas were based on sediment tox-
icity, and 45% of the areas were rated poor based on benthic
community condition.*’ However, in specific regions, sedi-
ment contaminants were less frequently observed. The sedi-
ments of Alabama (Mobile), Mississippi, and many of the
Florida estuaries, such as Apalachicola, Pensacola, Sarasota
and Tampa Bays, and Charlotte Harbor, were rated as fair.*?

The State of Florida has developed an atlas—the 1994
Florida Coastal Sediment Contaminants Atlas—of estuarine
sediment contamination, based on data from approximately
700 sites.* PAHs were detected in about 70% of the samples
tested for organic chemicals; polychlorinated biphenyls (e.g.,
PCBs) were detected in 55% of the samples tested, and chlo-
rinated pesticides (e.g., DDT, dieldrin) were detected in 28%
of the samples tested. No indication was provided regarding
biological impact or levels of concern.** In a 1991 assessment,
Florida had several sites (in Tampa Bay and Apalachicola Bay)
with PCBs and DDT at some of the highest levels observed in
the survey.®*

Median sediment quality guideline values for chemi-
cal contaminants were not exceeded in sediments from Lake
Pontchartrain in Louisiana or from the Mississippi Sound
reaches in Louisiana. However, lower threshold values were
exceeded for arsenic, cadmium, and nickel at several stations.*

¢ Specific concentrations were highlighted as being 10X higher than the next
highest and therefore were excluded from the mean determination for the area.



b=
<
L
=
=
O
o
(@]
98
=
—
-
O
(1 4
<
<
Q.
w
2
=

10 Gulf of Mexico Ecosystem Science Assessment and Needs

Texas sediments have been studied in several regions.
Those associated with the upper Laguna Madre showed
evidence of benthic community stress and moderate sediment
contamination, but major flooding in the region may have
affected results. The Texas Commission on Environmental
Quality found that most sites in the Coastal Bend Bays region
meet requirements for good condition, while EPA guidelines
ranked 10 of 50 sites as having degraded benthic communities.
Five sites in Galveston Bay showed evidence of contaminant-
induced degradation, whereas 15 sites did not.*’ Restric-
tions on produced water discharges into coastal estuaries and
dredged material disposal practices that minimize reintroduc-
tion of contaminants have been suggested to possibly decrease
levels of sediment contamination.*®

3.1.2.3 Freshwater Inflow

Historically, freshwater inflows from rivers, streams,
and local runoff help maintain the salinity gradients, nutrient
loadings, and sediment inputs that (in combination) produce
an ecologically sound and healthy estuary. More recently, the
Mississippi River and its freshwater discharge strongly influ-
ence physical, chemical, and biological processes in the Gulf
of Mexico, with major effects on Gulf water quality, including
contributing to the largest zone of oxygen-depleted coastal
waters in the United States.*

While the extent and range of freshwater inflows are
not explicitly known, methods for determining the quantity
and quality of freshwater inflows needed to maintain coastal
margins in, for example, Texas, have been developed based on
hydrodynamic modeling and flow analysis.*® While freshwa-
ter inflow is required for many healthy estuaries, it should be
noted that freshwater often carries unhealthy levels of con-
stituents such as excess fertilizer, which can cause hypoxia. In
the case of the Mississippi River system, especially, freshwater
carries too little beneficial sediment to the needed locations.
Groundwater connectivity and flow are also important for
ensuring adequate freshwater inflow and even more so in
drought conditions.

The Florida Department of Environmental Protec-
tion has developed plans for determining Minimum Flows
and Levels (MFL) for water bodies. The State of Florida has
conducted short-term monitoring programs to develop baseline
data that can be used to establish MFLs needed to maintain
water-quality conditions (salinity, nutrient, and sediment lev-
els) that promote healthy estuarine ecosystems.

Estuaries on the upper Texas coast into Louisiana—and
those on the northwest Florida coast—are subject to major
effects from freshwater inflow, but all the Gulf States and their
estuaries, particularly their oyster fisheries, seagrass meadows,
and salt-brackish marshes, are affected by variations in fresh-
water inflow and associated water-quality conditions.!

3.1.3 Oyster and Coral Reefs

Living reefs are rich natural resources that provide many
ecosystem services. Because of their need to attach to firm
substrates in their adult form, oysters (most commonly the
Eastern Oyster Crassostrea virginica) build up large reefs over
time, with one generation after another selecting these firm
ocean bottoms and the remains of previous generations near
the coast. Living oyster reefs support themselves by taking in
nutrients and oxygen from waters flowing over them. Com-
plex, established oyster reefs provide habitat for the larval,
juvenile, and adult forms of marine species of invertebrates
and vertebrates. Complex oyster reefs in the shallow near-
shore area attenuate wave action, helping to conserve near-
shore habitats. Oyster reefs have high economic value because
they are a prized food source for humans, in addition to being
eaten by marine animals, so these reefs are often in demand
for harvest. Oyster reefs can be adversely affected by overhar-
vesting and changes in freshwater inflow, sedimentation, and
tropical storms. A recent assessment of oyster reefs globally
determined that Gulf of Mexico oyster reefs were largely in
fair condition (categories are good, fair, poor, and functionally
extinct). Globally, the overall condition of native oyster reefs
in most of the 144 bays in 40 ecoregions that were evaluated
was poor.’*?

In Florida, although there is often a lack of empiri-
cal evidence to demonstrate a pattern of decline for oyster
resources, fisheries managers and researchers have recognized
a slow but steady decline in the condition of oyster reef habitat
in most Gulf Coast estuaries. Fluctuations occur in fisheries’
dependent and independent data over relatively short periods,
although these data are not always adequate to make science-
based decisions about the condition of oyster reef habitat.
Notwithstanding these indicators, the declining condition and
areal extent of oyster reef habitat has been recognized based
on more subjective observations of the conditions of reefs or
their absence. Mo