NOAA's Estuarine
Eutrophication Survey

Volume 4: Gulf of Mexico Region

November 1997

Office of Ocean Resources Conservation and Assessment
National Ocean Service

National Oceanic and Atmospheric Administration

U.S. Department of Commerce

ATMOSp,
S5
e,

w %,
&
&
K %,
4 3
kS 4
2 3
2 g
g $
<, &
D &
%
o <

AN OF C



IThe National Estuarine Inventory

The National Estuarine Inventory (NEI) represents a series of activities conducted by NOAA's Office of Ocean
Resources Conservation and Assessment (ORCA) since the early 1980s to define the nation’s estuarine resource
base and develop a national assessment capability. Over 120 estuaries are included (Appendix 3), representing
over 90 percent of the estuarine surface water and freshwater inflow to the coastal regions of the contiguous
United States. Each estuary is defined spatially by an estuarine drainage area (EDA)—the land and water area of
a watershed that directly affects the estuary. The EDAs provide a framework for organizing information and for
conducting analyses between and among systems.

To date, ORCA has compiled a broad base of descriptive and analytical information for the NEI. Descriptive
topics include physical and hydrologic characteristics, distribution and abundance of selected fishes and inver-
tebrates, trends in human population, building permits, coastal recreation, coastal wetlands, classified shellfish
growing waters, organic and inorganic pollutants in fish tissues and sediments, point and nonpoint pollution
for selected parameters, and pesticide use. Analytical topics include relative susceptibility to nutrient discharges,
structure and variability of salinity, habitat suitability modeling, and socioeconomic assessments.

For a list of publications or more information about the NEI contact C. John Klein, Chief, Physical Environ-
ments Characterization Branch, at the address below.

I NOAA's Estuarine Eutrophication Survey

ORCA initiated NOAA's Estuarine Eutrophication Survey in October 1992. The goal is to comprehensively
assess the scale and scope of nutrient enrichment and eutrophication in the NEI estuaries (see above) and to
provide an information base for formulating a national response that may include future research and monitor-
ing. The Survey is based, in part, upon a series of workshops conducted by ORCA in 1991-92 to facilitate the
exchange of ideas on eutrophication in U.S. estuaries and to develop recommendations for conducting a nation-
wide survey. The survey process involves the systematic acquisition of a consistent and detailed set of qualita-
tive data from the existing expert knowledge base (i.e., coastal and estuarine scientists) through a series of
surveys, site visits, and regional workshops.

The original survey forms were mailed to over 400 experts in 1993. The methods and initial results were evalu-
ated in May 1994 by a panel of NOAA, state, and academic experts. The panel recommended that ORCA pro-
ceed with a regional approach for completing data collection, including site visits with selected experts to fill
data gaps, regional workshops to finalize and reach consensus on the responses to each question, and regional
reports on the results. The Gulf of Mexico regional workshop was held in July 1996; this document, Volume 4, is
the regional report. It was preceeded by the South Atlantic (Volume 1, September 1996), Mid-Atlantic (Volume 2,
March 1997), and North Atlantic (Volume 3, July 1997) reports.

A regional report will be completed for the Pacific Coast in the next six months. A national assessment report of
the status and health of the nation’s estuaries will be developed from the survey results. In addition, an “indica-
tor” of ecosystem health will also be published. Both national products will require one or more workshops to
discuss and reach consensus on the methods proposed for conducting these analyses. ORCA also expects to
recommend a series of follow-up activities that may include additional and/or improved water quality moni-
toring, and case studies in specific estuaries for further characterization and analysis.

For publications or additional information, contact Suzanne Bricker, Project Manager, at the address below.

Strategic Environmental Assessments Division/ ORCA
1305 East West Highway, 9th Floor

Silver Spring, MD 20910

301/713-3000

http:/ /seaserver.nos.noaa.gov
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I ORCA Organization

The Office of Ocean Resources Conservation and As-
sessment (ORCA) is one of four major line offices of
the National Oceanic and Atmospheric
Administration's (NOAA) National Ocean Service.
ORCA provides data, information, and knowledge for
decisions that affect the quality of natural resources in
the nation's coastal, estuarine, and marine areas. It also
manages NOAA's marine pollution programs. ORCA
consists of three divisions and a center: the Strategic
Environmental Assessments Division (SEA), the
Coastal Monitoring and Bioeffects Assessment Divi-
sion (CMBAD), the Hazardous Materials Response
and Assessment Division (HAZMAT), and the Dam-
age Assessment Center (DAC), part of NOAA's Dam-
age Assessment and Restoration Program.

I Project Team

Suzanne Bricker, Project Manager
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Figure 5: Recent trends (1970 - present) for selected parameters by estuary by salinity zone (T, tidal fresh; M, mixing; S,
seawater). All salinity zones are not present in all estuaries. Most of the 2,016 possible values are no trend (940). There are
154 decreasing trends, 155 increasing trends, and 737 unknowns. The remaining 30 responses display shifts in the primary
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productivity, planktonic community or benthic community. 151 values are based on speculative inferences. For a more
complete listing of the trends parameters, see Tuble 1 on page 3

? 2?2 @
? 72 @
2 2 @
? 2?2 @
2 e @
2 e @
7?.
P11
? 0?2 @
2 7 e
2 2 @
? 7 @
2 7 e
2 2 @
? ? e
2 2 @
2 7 e
2 2 @
').
2 2 (®
2 e @
2 e |

\‘_

\‘_

<
¢
A
o
-
‘_
\‘_
<
¢
>

[ ]

‘_

°

°

-

-

- -
+>
[ <“—
e ¢

°

° °
o N
° °
>

o 2o 0|2 22 ] e o o
v-oovv?f-v?of.|vo|v|vooovooo777
o.‘..oa?f?7vovo|vo|Y#ooo')ooo’>’>7
7-0077?T-77.fo|yo|v|vooo’>ooo’>7’>
70..77?fofvnf¢‘|vn|v|vnnn°nnn777
”.‘..77????7.7$|V.IY#...7...')77
7-007’)?f.f’)of;;o|v|vooo7ooo77”
o-oooo7f-foofo|yo|v|vooooooooov
70..???f?f?n?a|vn|v|vnnn°nnn777
7-0077?f.f?ofo;o|v|vooo7ooo77-
e 20 0? 10w ? e @ e/ )e e © © 06 6 06 2 06 0 0 0 0 0

€ -«

\‘_

> >

‘_

(ugn Chlorophyll a

Turbidity

(concentrations)

duration  Nuisance

Algae

T [ ] T frequency
2| 7|e® e |duration Toxic
Algae

2| 2| e e]|frequency
Macroalgal
e o0 o Abundance
Epiphyte
ejo|e o Abundance
° ; T ° Nitrogen
f ¢ T T Phosphorus
o o0 o Bottom D.O.
e | e | e e duration Anoxia

® @ @ e frequency

® 6® ®
®
® .

- ©®
> ®

[ ]
[ ]
[ ]
® ® ¥ > ¥ ¥ > I

spatial coverage

duration Hypoxia

frequency

spatial coverage

duration  Biological
Stress

frequency

spatial coverage

Primary
Productivity

Plankton
Community

Benthic
Community

(spatial coverage) SAV

@ - shift from blue-green algae to diatoms - shift from emergent to pelagic and benthic

- shift from wetlands to pelagic and wetlands @ - shift from pelagic to benthic/pelagic

@ - shift from blue-green algae to diverse @ - shift from anthropods to diverse

® ® ©®

- shift from benthic to pelagic/SAV

- shift from diverse to Aureoumbra

- no benthic life

15



NOAA'’s Estuarine Eutrophication Survey: Volume 4 - Gulf of Mexico

percent of the regional estuarine area during the sum-
mer and fall for most estuaries, but persistently in 10
estuaries. Medium phosphorus concentrations were
reported for 22 estuaries in up to six percent of the
tidal fresh area, up to 41 percent of the regional mix-
ing zone and up to 22 percent of the regional seawater
zone.

Between 1970 and 1995, phosphorus concentrations
decreased in 11 estuaries and increased in 11 estuar-
ies. Phosphorus concentrations remained the same in
nine estuaries; trends were unknown in six estuaries.
For six estuaries, responses were based on specula-
tive inference (Figure 5).

I Dissolved Oxygen

Dissolved oxygen conditions were characterized by
collecting information about existing conditions and
trends for anoxia (0 mg/1), hypoxia (>0 mg/1, <2 mg/
1), and biologically stressful concentrations (>2 mg/1,
<5 mg/1). The occurrence, timing (both time of year
and duration), frequency of occurrence (periodic or
episodic), location in the water column (surface, bot-
tom, or throughout) and spatial extent (high, medium,
or low) of each observed condition is recorded. The
influence of water column stratification (high, me-
dium, low, not a factor) on development of low dis-
solved oxygen was also noted.

Anoxic conditions were reported to occur in 21 estu-
aries, and hypoxia in 31 estuaries. In general, both con-
ditions are observed annually during the summer and
early fall (June to October) and water column stratifi-
cation is reported to influence their development. Typi-
cally, these conditions are observed in bottom waters;
however, anoxia and hypoxia occur throughout the
water column in some estuaries. In general, anoxia is
observed in all subregions except Texas, while hypoxia
is observed in estuaries throughout the region. Bio-
logically stressful concentrations were reported to
occur annually in the summer and early fall in all 37
estuaries. For the majority of estuaries, biologically
stressful concentrations occur throughout the water
column; stratification was reported as a factor in the
development of this condition.

Minimum bottom water dissolved oxygen concentra-
tions were reported as unchanged in 16 estuaries from
1970 to 1995. Concentrations increased in nine estuar-
ies, decreased in four estuaries and trends were un-
known for seven estuaries. In Perdido Bay, concentra-
tions were reported to have increased in the mixing
and seawater zones and to have decreased in the tidal
fresh zone. For six estuaries, responses were based on
speculative inference.

Anoxia

Anoxic conditions were reported to occur mostly in
bottom waters of 21 estuaries, accounting for two to
six percent of the regional estuarine area and occur-
ring throughout all subregions except for Texas. This
condition occurs on a periodic basis from June through
October. The influence of water column stratification
on the development of anoxia ranged from low to high
except for North Ten Thousand Islands, Sarasota Bay,
Barataria Bay and Calcasieu Lake, for which it was not
a factor. The spatial extent of anoxia is low in the tidal
fresh zone (up to 16 percent of area), and very low in
the mixing (up to five percent) and seawater zone (up
to seven percent) zones. For part or all of three estuar-
ies it is unknown whether anoxia occurs, and for part
or all of five estuaries, responses were based on specu-
lative inference.

Declines in duration, frequency of occurrence, and
spatial coverage of anoxic events were reported for
Tampa Bay, Apalachee Bay, Sabine Lake and Galveston
Bay. Increases in duration and spatial coverage were
reported for Perdido Bay, Atchafalaya/Vermilion Bays,
and Calcasieu Lake, and increases in frequency of oc-
currence were also noted for Atchalafaya/Vermilion
Bays. For 17 estuaries anoxia trends were reported as
unchanged, and for 14 estuaries trends were reported
as unknown. Trend assessments were based on specu-
lative inference for four estuaries (Figure 5).

Hypoxia

Hypoxic conditions (>0 mg/1, <2 mg/1) were reported
to occur in bottom waters in 26 estuaries and through-
out the water column in five estuaries. For the major-
ity of estuaries, this condition is observed periodically
from June through October, with the exception of
Lower Laguna Madre where it is observed year-round.
The spatial extent of observed hypoxia is up to a maxi-
mum of 25 percent of the regional estuarine area, up
to 39 percent of the tidal fresh zone, up to 18 percent
of the mixing zone and up to 35 percent of the seawa-
ter zone. This assessment was based on speculative
inference for two estuaries.

Decreases in the duration, frequency of occurrence and
spatial coverage of hypoxic events were reported for
Tampa Bay, Apalachee Bay, Sabine Lake, Galveston Bay
and Aransas Bay. Increases in one or all characteristics
of hypoxia were reported for Atchafalaya/Vermilion
Bays, Lower Laguna Madre, Florida Bay, Perdido Bay
and Apalachicola Bay. Trends for the remaining Gulf
estuaries were almost equally split between no change
(14 estuaries) in hypoxia and unknown (12 estuaries).
Duration and spatial coverage increased in the tidal
fresh zone of Calcasieu Lake, but in the mixing zone

16
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all three characteristics decreased. For five estuaries,
trends assessments were based on speculative infer-
ence (Figure 5).

Biological Stress

Biologically stressful levels of dissolved oxygen (>2
mg/1, <5 mg/1) were reported to occur in all Gulf of
Mexico estuaries, except Lake Borgne and Mermentau
River. This condition occurs on a periodic basis in bot-
tom waters of 19 estuaries and throughout the water
column in part or all of 23 estuaries. In the majority of
estuaries it occurs from June through October, though
in some Texas estuaries it begins in April, and in Lower
Laguna Madre the condition is persistent. Stratifica-
tion is a factor in most estuaries, but for all or part of
15 estuaries it is not a factor. The cumulative area over
which it is reported accounts for a maximum of 48
percent of the total regional estuarine area, up to 67
percent of the tidal fresh zone, up to 41 percent of the
mixing zone and up to 57 percent of the seawater zone.
For two estuaries, responses were based on specula-
tive inference.

Decreases in duration, frequency of occurrence, and
spatial extent were reported for Tampa Bay, Apalachee
Bay, Sabine Lake, Galveston Bay and Aransas Bay. In-
creases in one or all characteristics of biologically
stressful concentrations were noted for Apalachicola
Bay, Perdido Bay, Atchafalaya/Vermilion Bays,
Calcasieu Lake and Lower Laguna Madre. For 15 es-
tuaries, biologically stressful trends were unchanged;
trends were reported to be unknown for 12 estuaries.
For seven estuaries, responses were based on specula-
tive inference (Figure 5).

I Ecosystem/Community Response

The responses of estuarine ecosystems to nutrient in-
puts were characterized by collecting information on
the status and trends of four parameters: primary pro-
ductivity, pelagic and benthic communities, and sub-
merged aquatic vegetation (SAV). Results indicated
that primary productivity in the Gulf of Mexico re-
gion is dominated by the pelagic community or a mix-
ture of pelagic and other communities (i.e., benthic,
submergent and / or emergent). Diatoms, or a diverse
mixture that includes diatoms, dominate the plank-
ton community, while annelids, or a diverse mixture
that includes annelids, dominate the benthic commu-
nity. SAV was reported in all but three of the region’s
estuaries, mostly in the mixing and seawater zones at
a low or very low spatial coverage.

Information regarding historical shifts in the estuarine
ecosystem indicated that changes took place in 27 Gulf
of Mexico estuaries during the period 1970-95, prima-

rily in the mixing and seawater zones. Changes in all
four ecosystem parameters occurred in three estuar-
ies at opposite ends of the Gulf of Mexico region —
Florida Bay and Upper and Lower Laguna Madre.
Changes in three parameters (mostly primary produc-
tivity, the benthic community and SAV spatial cover-
age) were reported in Lake Pontchartrain, Barataria
Bay, Terrebonne/Timbalier Bays and Baffin Bay. In
general, where changes in primary productivity oc-
curred, dominance shifted from a benthic to a pelagic
community or from an emergent to a submergent com-
munity. Within the pelagic community, dominance
shifted from blue-green algae to diatoms in a number
of Florida estuaries and from diatoms or a diverse mix-
ture of plankton groups to the brown tide algae,
Aureoumbra lagunensis, in estuaries of southern Texas.
A shift from a diversely mixed benthic community to
one dominated increasingly by annelids was reported
in six estuaries, mostly in the Texas Coast subregion.
The spatial coverage of SAV was reported to have de-
clined in parts of 17 estuaries and to have increased in
parts of 12 estuaries. The factors most attributed to
shifts/trends in the ecosystem parameters were
changes in point and nonpoint sources, changes in hy-
drology and the physical alteration of the watershed.

Primary Productivity

Pelagic (plankton) communities were identified as the
dominant primary producer in one or more salinity
zones in 27 Gulf of Mexico estuaries, representing 47
percent of the region’s estuarine surface area. In most
of the region’s remaining area, the dominant producer
reported was a diverse mixture of pelagic communi-
ties and one of three other producers: emergent (wet-
land) communities in parts of 12 estuaries, benthic
communities in parts of nine estuaries, and SAV in
parts of three estuaries. Across the region, pelagic or-
ganisms were the most reported primary producer in
each salinity zone. A diverse mixture of pelagic and
benthic communities was dominant in 50 percent of
the region’s tidal fresh zone, although this area was
comprised of only two estuaries: Barataria Bay and
the Atchafalaya/Vermilion Bays. Pelagic communities
were the most reported primary producer in all Gulf
subregions except the Mississippi Delta/Louisiana
Coast, where a mixture of pelagic and benthic organ-
isms were dominant. Wetlands, or a mixture of wet-
lands and pelagic communities, were reported mostly
in the mixing zone within the Mississippi Delta /Loui-
siana Coast and Panhandle Coast subregions. SAV, or
a diverse mixture of SAV and pelagic communities,
was the dominant primary producer in the seawater
zone of Florida Bay and estuaries of the Texas Coast.

Historical shifts in dominance (ca. 1970-95) from one
primary producer to another, were reported in parts

17



NOAA'’s Estuarine Eutrophication Survey: Volume 4 - Gulf of Mexico

of 13 estuaries, mostly in the mixing and seawater
zones. In six estuaries, dominance shifted from benthic
to pelagic organisms, primarily due to changes in non
point sources and / or the physical alteration of the wa-
tershed. In five other estuaries, primary production
shifted from an emergent to a submergent system (ei-
ther pelagic, benthic and /or SAV) as a result of distur-
bances to the estuarine basin. A shift from pelagic to
benthic organisms in the Apalachee Bay seawater zone
was attributed to changes in point sources; a similar
shift in the Atchafalaya/Vermilion Bays tidal fresh
zone was attributed to physical alteration of the wa-
tershed. Shifts were reported as unchanged in all or
parts of 27 estuaries (51 percent of the region’s estua-
rine surface area). No information was available for
the remaining 17 percent of the region.

Pelagic Community

Diatoms were reported as the dominant plankton
group, in terms of abundance, in the Gulf of Mexico
region, occurring in at least one salinity zone in 20 es-
tuaries, particularly in the mixing and seawater zones
and in the Western Florida Coast and Big Bend / Pan-
handle Coast subregions. In parts of 17 estuaries, no
single plankton group was identified as dominant, but
rather a mixture of groups, including diatoms, flagel-
lates, and/or blue-green algae. Communities domi-
nated by blue-green algae, or a diverse mixture that
included blue-green algae, were reported in parts of
eight estuaries, including 65 percent of the region’s
tidal fresh zone. Flagellates, or a diverse mixture that
included flagellates, were reported in parts of eight
estuaries. No information was available for parts of
16 estuaries.

During the period 1970-1995, shifts in plankton domi-
nance from one taxonomic group to another were re-
ported in eight estuaries, primarily in the mixing and
seawater zones. In three estuaries within the Western
Florida Coast and Panhandle Coast subregions, domi-
nance shifted from blue-green algae to diatoms, due
to changes in point and nonpoint sources. A shift from
diatoms, or a diverse mixture of plankton groups to
the brown tide alga, Aureoumbra lagunensis, was re-
ported in the seawater zone of Baffin Bay and the Up-
per and Lower Laguna Madre, and was attributed to
transport from offshore waters and changes in
nonpoint sources. Dominance shifted to blue-green al-
gae from diatoms in the seawater zone of Florida Bay
as a result of changes in point and nonpoint sources,
and from green algae in the mixing zone of Lake
Pontchartrain due to unknown factors. Shifts were re-
ported as unchanged in all or parts of 26 estuaries (59
percent of the region’s estuarine surface area). No in-
formation was available for parts of 18 estuaries.

Benthic Community

In parts of 28 estuaries, no single group was identified
as the dominant (most abundant) benthic community,
but rather a diverse mixture of groups, including an-
nelids, crustaceans, mollusks, and/or insects. Anne-
lids were reported as the dominant community in all
or parts of 24 estuaries, and a diverse mixture that in-
cluded annelids was reported in parts of nine estuar-
ies. Communities dominated by insects, or a diverse
mixture that included insects, were reported in the tidal
fresh zone of seven estuaries within the Panhandle
Coast and Mississippi Delta/Louisiana Coast subre-
gions. Mollusks, or a diverse mixture that included
mollusks, were reported in parts of five estuaries, in-
cluding 54 percent of the region’s tidal fresh zone. The
tidal fresh and mixing zones of Atchafalaya/Vermil-
ion Bays were reported to be a diverse mixture with
mollusks and crustaceans dominating.

Shifts in benthic dominance from one taxonomic group
to another were reported to have occurred in eight Gulf
of Mexico estuaries during the period 1970-1995. In
five estuaries within the Texas Coast and one within
the Louisiana Coast, a shift from a diversely mixed
community to one dominated increasingly by anne-
lids was reported, mostly in the mixing and seawater
zones. The contributing factors attributed to this shift
were changes in point sources and the occurrence of
brown tides. Crustaceans declined in dominance in the
mixing zone of Barataria Bay and the Terrebonne/
Timbalier Bays due to physical alteration of the wa-
tershed. A shift from annelids to mollusks was reported
in the mixing zone of Florida Bay; however, the fac-
tors contributing to the shift were unknown. The
benthic community shifted from a diverse mixture to
one increasingly dominated by an unnamed exotic
species in the tidal fresh zone of Charlotte Harbor.
Shifts were reported as unchanged in parts of all but
five Gulf of Mexico estuaries; in two of those estuaries
(Sarasota Bay and Lake Borgne), no information was
available.

Submerged Aquatic Vegetation (SAV)

The presence of SAV was reported in parts of every
Gulf of Mexico estuary except three in the Mississippi
Delta/Louisiana Coast subregion (Mississippi River,
Atchafalaya/Vermilion Bays, Mermentau River). No
SAV was reported in parts of 17 estuaries. The spatial
coverage of SAV (to depths of one meter below mean
low water) was reported to be low (>10<25 percent
surface area) or very low (<10 percent surface area) in
32 estuaries, particularly in the mixing zone. A me-
dium spatial coverage (>25<50 percent surface area)
was reported in nine estuaries, primarily in the sea-
water zone and in the Western Florida Coast subre-
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gion. The spatial coverage was high (>50 percent sur-
face area) in the seawater zone of Apalachee Bay and
the Upper and Lower Laguna Madre. For all estuaries
in which SAV was reported, the combined spatial cov-
erage was equivalent to between 12 and 24% of the
region’s estuarine surface area.

The spatial coverage of SAV was reported to have de-
clined in 15 estuaries, primarily in the mixing and sea-
water zones. Declining trends generally occurred at a
low or medium magnitude (0-50 percent change), with
the exception of the mixing zone of Lake Pontchartrain
and Galveston Bay, where the magnitude was high
(>50 percent change). Several factors were attributed
to the declines, including physical alteration of the wa-
tershed in seven estuaries, changes in nonpoint sources
in five estuaries and changes in hydrology in three es-
tuaries. Epiphytes and macroalgae were reported to
contribute to the declining coverage in the mixing zone
of Lake Pontchartrain and the seawater zone of the
Lower Laguna Madre. A decrease in coverage in the
mixing zone of Choctawhatchee Bay was associated
with an increase in suspended solids. Other factors
attributed to declining coverages included an increase
in suspended solids in the mixing zone of
Choctawhatchee Bay, competition with an exotic spe-
cies (Hydrilla) in the Atchafalaya River, changes in
point sources in the mixing zone of San Antonio Bay,
and brown tide occurrence in Lower Laguna Madre.

No change in spatial coverage was reported in six es-
tuaries. An increase in coverage was reported in 11
estuaries, particularly in the Mississippi Delta/Loui-
siana Coast and Texas Coast subregions. Increasing
trends occurred mostly at a low magnitude (0-25 per-
cent change), with the exception of the seawater zone
of the Upper Laguna Madre and Baffin Bay, where the
magnitude was medium (>25<50 percent change), and
the tidal fresh zone of Apalachicola, where the magni-
tude was high (>50 percent change). Factors attributed
to the increases included changes in nonpoint sources
in seven estuaries, changes in point sources in three
estuaries, and physical alteration of the watershed in
six estuaries. Climate fluctuations were reported to
contribute to increased coverage in the mixing zone
of Matagorda Bay and the seawater zone of the Upper
Laguna Madre. An increase in mixing zone of the
Western Mississippi Sound was associated with
changes in hydrology. No information was available
for parts of 16 estuaries.
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Estuary Summaries

This section presents one-page summaries on the status and trends of eutrophication conditions for the 37 Gulf of Mexico
estuaries and the Mississippi/ Atchafalaya River Plume. The summary information is organized into four sections: algal
conditions, nutrients, dissolved oxygen, and ecosystem/community responses. Each page also includes a salinity map
depicting the spatial framework for which survey information was collected, selected physical and hydrologic characteris-
tics, and a narrative overview of the survey information.

Salinity Maps. Salinity maps depict the estuary extent, salinity zones, and subareas within salinity zones.
Salinity zones are divided into tidal fresh (0.0-0.5 ppt), mixing (0.5-25.0 ppt) and seawater (>25.0 ppt) based on
average annual salinity found throughout the water column. Subareas were identified by survey participants
as regions that were either better understood than the rest of a salinity zone, or that behaved differently, or
both. Each map also has an inset showing the location of the estuary and its estuarine drainage area (EDA) (see
below).

Physical and Hydrologic Data. Physical and hydrologic characteristics data are included so that readers can
better understand the survey results and make meaningful comparisons among the estuaries. The EDA is the
land and water component of a watershed that drains into and most directly affects estuarine waters. The
average daily inflow is the estimated discharge of freshwater into the estuary. Surface area includes the area
from the head of tide to the boundary with other water bodies. Average depth is the mean depth from mid-tide
level. Volume is the product of the surface area and the average depth.

Survey Results. Selected data are presented in a unique format that is intended to highlight survey results for
each estuary. The existing conditions symbols represent either the maximum conditions predominating for
one or more months in a typical year, or indicate resource impacts due to bloom events. The trends (circa 1970-
1995 unless otherwise stated) symbols indicate either the direction and magnitude of change in concentrations,
or in the frequency of occurrence.

The four sections on each page include a text block to highlight additional information such as probable months
of occurrence and periodicity for each parameter, limiting factors to algal biomass, nuisance and toxic algal
species, nutrient forms and degree of water column stratification.

Some parameters are not characterized by symbols on the estuary pages. These include macroalgal and epi-
phyte abundance, biological stress, minimum average monthly bottom dissolved oxygen trends, temporal
shifts in primary productivity, benthic community shifts, intertidal wetlands and planktonic community shifts.
These parameters are described in the Regional Overview section (starting on page 6) and, where relevant, are
highlighted in the text blocks under each parameter section on the estuary pages.

See the next page for a key that explains the symbols used on the summary pages. See Table 1 on page 3 for
complete details about the characteristics of each parameter.

Estuary Page Estuary Page Estuary Page
Florida Bay 24 Pensacola Bay 37 Mermentau River 50
South Ten Thousand Islands 25 Perdido Bay 38 Calcasieu Lake 51
North Ten Thousand Islands 26 Mobile Bay 39 Sabine Lake 52
Rookery Bay 27 East Mississippi Sound 40 Galveston Bay 53
Charlotte Harbor 28 West Mississippi Sound 41 Brazos River 54
Caloosahatchee River 29 Lake Borgne 42 Matagorda Bay 55
Sarasota Bay 30 Lake Pontchartrain 43 San Antonio Bay 56
Tampa Bay 31 Breton/Chandeleur Sounds 44 Aransas Bay 57
Suwannee River 32 Mississippi River 45 Corpus Christi Bay 58
Apalachee Bay 33 Barataria Bay 46 Upper Laguna Madre 59
Apalachicola Bay 34 Terrebonne/ Timbalier Bays 47 Baffin Bay 60
St. Andrew Bay 35 Atchafalaya/Vermilion Bays 48 Lower Laguna Madre 61
Choctawhatchee Bay 36 Miss. / Atchaf. River Plume 49
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Key to Symbols Used on Estuary Summaries

(Chl a, Turbidity, Nutrients, SAV)

E

H

VL

NS

‘ Tidal Fresh ‘ Mixing ‘ Seawater
Subarea X Subarea Y
@
B M *
: ¥ M~ | L <6
©
©
o
25-50% 50-100%
Salinity Z Absent: Spatial Coverage: Reliability: Salinity Zone Divided:
if?hl(;1 's¥|inﬁ”§onesi§“not surface area over which indicates “assessment salinity zones are often divided
present in the estuary condition occurs (not made from speculative into subareas to account for
the entire box is left listed for nuisance/toxic inferences unique characteristics
blank algae or low/not observed
conditions)
50-100%
Existing Conditions Trends (circa 1970-1995)
Concentrations Event Occurrences Direction of Change  Magnitude of Change

hypereutrophic
chl-a: >60 pg/l

high
chl-a: >20, <60 ug/l
turbidity: secchi <1m
TDN: >1 mg/I

TDP: >0.1 mg/l
SAV >50, <100 % coverage

medium
chl-a: >5, <20 g/l
turbidity: secchi >1m, <3m
TDN: >0.1, <1 mg/I
TDP: >0.01, <0.1 mg/l
SAV >25, < 50 % coverage

low
chl-a: >0, <5 g/l
turbidity: secchi >3m
TDN: >0, <0.1 mg/l
TDP: >0, <0.01 mg/I
SAV >10, < 25 % coverage
very low

SAV >0, <10 % coverage

no SAV in zone

blackwater area

unknown

(Nuisance/Toxic Algae, d.o.)

Y impacts on resources

nuisance algae: impacts

occur

toxic algae: impacts occur

or

low d.o. is observed

anoxia: 0 mg/l
hypoxia: >0, <2 mg/l

N no resource impacts

no nuisance algae impacts

no toxic algae impacts

or

low d.o. not observed

no anoxic events
no hypoxic events

7 unknown

(Concentrations or Frequency of Event Occurrences)

f increase high
>50%, <100%
‘ decrease medium
>25%, <50%
low
——— notrend >0%, <25%
magnitude
2  unknown unknown
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