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DebicaTion—This issue is dedicated to the thousands of individual
partners of the Charlotte Harbor National Estuary Program who share their
knowledge, efforts and enthusiasm to collectively protect and restore the
exceptional natural resources found throughout our watershed.

ACKNOWLEDGMENTS—I1 is with sincere gratitude that the Charlotte Harbor
National Estuary Program (CHNEP) and Lead Guest Editor acknowledge the
outstanding efforts of the contributors to this publication. It is though the
expertise, diligence, patience and flexibility of the authors and guest editors
that this issue has been made possible.

This issue is based on the scientific information presented at the 2011
Charlotte Harbor Watershed Summit “State of Our Watersheds and
Estuaries” held in Punta Gorda, Florida March 30 and 31, 2011 at the
Charlotte Harbor Event and Conference Center. The 2011 Watershed Summit
included 56 presentations and posters which focused on recent technical
findings throughout the CHNEP watershed relating to wetlands and
submerged vegetation, invertebrates and shellfish, fisheries, water quality and
quantity, and restoration activities. The contributions of each presenter further
our knowledge and understanding of intricacies and complexities of the natural
systems throughout southwest Florida. The 18 manuscripts included here were
prepared by Summit authors interested in conveying their results through a
peer reviewed journal so that the knowledge may be shared with and guide
other scientists and managers throughout the region.

The CHNEP also thanks the many sponsors of the 2011 Watershed
Summit, whose essential support contributed to the success of the Summit and
in bringing researchers and citizens together for this invaluable triennial
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conference. 2011 Summit sponsors included: Caloosahatchee River Citizens
Association, CF Industries, Florida Native Plant Society Mangrove Chapter,
Janicki Environmental, Incorporated, Jelks Family Foundation, Mosaic, Mote
Marine Laboratory, Peace River Manasota Regional Water Supply Authority,
Myakka Conservancy, Scheda Ecological Associates, Sierra Club Calusa
Chapter, Southwest Florida Watershed Council, and the Southwest Water
Management District.

Technical reviews of the manuscripts in this issue were conducted by many
scientists who contributed their time and expertise toward making each
manuscript included here shine. We genuinely thank these reviewers for their
conscientious and thorough comments:

Nathan Bailey (Florida Department of Environmental Protection),
Margaret Banyan (Florida Gulf Coast University), Richard Bartleson
(Sanibel-Captiva Conservation Foundation), Mike Bauer (City of Naples),
Lisa Beever (Charlotte Harbor National Estuary Program), Karen Bickford
(Lee County Natural Resources), Steve Bortone (Gulf of Mexico Fishery
Management Council), Jaime Boswell, Mike Britt (City of Winter Haven),
ZinJian Chen (Southwest Florida Water Management District), Jon Clough
(Warren Pinnacle), L. Kellie Dixon (Mote Marine Laboratory), Mike Duever,
Ernest Estevez (Mote Marine Laboratory), L. Donald Duke (Florida Gulf
Coast University), Sue Fite (Lee County Environmental Laboratory), Tom
Fraser, Lizanne Garcia (Southwest Florida Water Management District),
Ludovic Donaghy (Florida Gulf Coast University), Whitney Gray (Florida
Fish and Wildlife Conservation Commission), Boyd Gunsalus (South Florida
Water Management District), Keith Hackett (Janicki Environmental, Incor-
porated), Emily Hall (Mote Marine Laboratory), Kelli Hammer-Levy (Pinellas
County), Marion Hedgepeth (South Florida Water Management District),
Clark Hull (Southwest Florida Water Management District), Roger Johans-
son, Kris Kaufman (Southwest Florida Water Management District), Keith
Laakkonen (Fort Myers Beach), David Karlen (Environmental Protection
Commission of Hillsborough County), Ernesto Lasso de la Vega (Lee County
Hyacinth Control District), Jay Leverone (Sarasota Bay Estuary Program),
Shawn Liston (Audubon Society), Graham Lewis (Northwest Florida Water
Management District), Eric Milbrandt (Sanibel-Captiva Conservation Foun-
dation), Ralph Montgomery (Atkins), Barron Moody (Florida Fish and
Wildlife Conservation Commission), Ernst Peebles (University of South
Florida), Ann Redmond (Brown and Caldwell), Jennifer Rehage (Florida
International University), Ed Sherwood (Tampa Bay Estuary Program),
Michelle Sims (CF Industries), Eric Stolen (Dynamac Corporation), Serge
Thomas (Florida Gulf Coast University), Martin Wanielista (University of
Central Florida), Bob Weisberg (University of South Florida), and Dorothea
Zysko (The Ecology Group).

We greatly appreciate the assistance of Richard L. Turner, James Austin
and David Karlen from the Florida Academy of Sciences and Kelly Calohan,
Trisha Klosterman and Jeff Monson from Allen Press for their expertise and
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patience with the multitude of technical details involved with the publication of
this issue.

The CHNEP is a partnership of citizens, elected officials, resource
managers and commercial and recreational resource users working to improve
the water quality and ecological integrity of the greater Charlotte Harbor
Watershed. A cooperative decision-making process is used within the Program
to address diverse resource management concerns in the 4,700 square mile
study area. Many of these partners also financially support the Program, which
allows the Program to support projects throughout the watershed, including
this journal issue. Partners that have financially supported the CHNEP
include: Cape Coral, Charlotte County, DeSoto County, Florida Department
of Environmental Protection, Fort Myers, Fort Myers Beach, Hardee County,
Lee County, Manatee County, North Port, Peace River/Manasota Regional
Water Supply Authority, Punta Gorda, Polk County, Sanibel, Sarasota
County, South Florida Water Management District, Southwest Florida
Regional Planning Council, Southwest Florida Water Management District,
U.S. Environmental Protection Agency, and Venice. The contributions and
support of our partners are essential to the continued success of the CHNEP.
Thank you.
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2011 WATERSHED SUMMIT: THE STATE OF OUR
WATERSHED AND ESTUARIES

Lisa B. BEEVER

Charlotte Harbor National Estuary Program, 1926 Victoria Avenue, Fort Myers, FL 33901
Corresponding author e-mail: Lbeever@swfrpc.org

ABSTRACT: The Charlotte Harbor National Estuary Program (CHNEP) updated its
Comprehensive Conservation and Management Plan (CCMP) in March 2008. Two months later,
CHNEP updated its Environmental Indicators Technical Report. The U.S. Environmental Protection
Agency requires each of the 28 NEPs in the country to produce a “‘State of the Bay” report or report
card from their environmental indicators rooted in their CCMP. This paper describes the process
CHNEP used to develop and complete its report guided by a Citizens Advisory Committee. Using
survey techniques, CHNEP selected environmental indicators that best represented the state of the
Charlotte Harbor estuaries and watershed. Survey respondents included members of each of the four
committees (representing citizens, scientists, resource managers and electedlappointed officials) which
make up CHNEP’s “Management Conference”. Over the next three years, the Management
Conference issued contracts to fill data gaps, decided on the report title and format, reviewed
deliverables from the contracts, compiled and analyzed available data, collected additional data
through volunteer citizen efforts and considered representations of the data analyses. The triennial
watershed summit featured much of this work and served as a kick-off for the final review of the draft
report. The published report can be requested or downloaded at www.chnep.org.

Key Words: Indicators, report card, status, trends, measures

NaTionaL Estuary Programs (NEPs) were created under section 320 of the
Clean Water Act. There are 28 in the nation and four in Florida. The Charlotte
Harbor National Estuary Program (CHNEP) was designated in 1995 and is
among the most recent designated. The Clean Water Act requires each NEP to
convene a “Management Conference.” CHNEP’s includes four committees,
including one each for citizens, scientists/technicians, resource managers and
elected/appointed officials. The Policy Committee of elected officials and top
agency heads is the decision-making body of CHNEP. County commissioners,
city council members, water management governing board members, state
officials and federal officials sit on the Policy Committee. They receive
recommendations from each of the other three committees.

Other requirements of the NEP include adopting a Comprehensive
Conservation and Management Plan (CCMP), adopting environmental
indicators and publishing either a “state of the bay” report or report card.
In 2008, CHNEP updated its CCMP (originally adopted in 2000) and its
environmental indicators (originally adopted in 2003).

In preparation for the development of a “state of the bay’’ report or report
card, Management Conference members were surveyed regarding the most
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important of its 54 indicators. Members from all four committees participated.
Using survey results, the Management Conference selected 12 indicators that
would be the core of the “state of the bay” report. The 12 indicators were
organized according to nine basic questions which addressed status, trends and
a measure of quality. Because four of the 12 indicators had no data or analysis
available for Charlotte Harbor, CHNEP initiated several projects to fill the
data and analysis gaps for fiscal year 2009. This work included:

® Fish and Wildlife Conservation Commission (FWC) Fisheries Independent
Monitoring (FIM) for Lemon Bay,

® Pre-development vegetation maps for Charlotte and Manatee Counties,

® Water clarity tracking, and

¢ Pollutant loads.

The last of the projects were completed in late 2010. In the meantime,
available data were compiled and additional data was collected by volunteers.

A Vision—Members of the Citizens Advisory Committee (CAC)
provided the vision for the report. Throughout its development, the report
purpose, structure and elements were responsive to CAC members’
thoughtful input.

CAC members wanted the report to be understandable by their own
mother and by their County commissioners. For example, one member
suggested that most people would think nutrients are good and that the
CHNEP should be careful about potential misunderstanding. The potential
misunderstandings began with the title of the report. CHNEP is responsible
for more estuaries than Charlotte Harbor, including Dona and Roberts
Bays, Lemon Bay, Pine Island Sound, San Carlos Bay and Estero Bay. The
study area also includes the watershed covering seven counties, not just
Charlotte County. After deliberation, the CAC settled on ‘“‘Charlotte
Harbor Seven-County Watershed Report.” They suggested featuring a map
on the cover to provide more information regarding our geographic area of
interest.

CAC members wanted the watershed report to be based on rigorous
scientific methods. They knew detailed evaluation and acceptance by the
scientific community was essential. The report needed to live up to a high
scientific standard.

CAC members reviewed similar reports issued by other NEPs. The 2002
report by Puget Sound Water Quality Action Team provided general
inspiration. The table of contents was organized with each section represented
by a question. The text addressed status and trends with supporting images of
charts, maps, photographs and additional interpretation. The document was
relatively short at 16-pages. However, CAC members preferred a booklet
format on high quality glossy paper to be more of a ‘“keep-sake” than a
newsprint publication.
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CAC members also wanted to incorporate a “‘citizens’ toolkit.”” This would
provide opportunities for readers to learn what they personally could do to
improve the environment.

Tue Questions—The selected indicators were formulated into questions.
These questions make up the table of contents:

1. Do our waters support diverse and healthy fish communities?

2. Are the fish and shellfish safe to eat?

3. Isfish and wildlife habitat increasing or decreasing (seagrasses, mangroves
and freshwater wetlands)?

4.  What is the condition of our shoreline?

5. What lands are managed for the environment?

6.  Who restores nature?

7. Are our river flows natural (Caloosahatchee, Peace and Myakka Rivers)?

8. Is our water clean (bacteria, nutrients and water clarity)?

9. What is the source of water pollution (nitrogen, phosphorus and

suspended solids)?

THe Answers—CAC members wanted direct answers to the questions with
supporting text and graphics. The data came primarily from existing sources
but some required new data collection efforts. Most of the analysis and
production of the graphics was accomplished with CHNEP in-house staff
resources, predominately by the author. CAC members also wanted to provide
the reader with information about how they personally could improve the
environment related to the above questions. Recommendations are located as
call-out boxes and titled “What can you do to help?”

The following sections describe the data sources, analysis and findings
contained in the report.

Healthy and diverse fish communities—The Florida Fish and Wildlife
Commission’s Fish and Wildlife Research Institute (FWRI) collects random-
sample Fisheries Independent Monitoring (FIM) data in the Charlotte Harbor
study area. Data were available for most of the study area, except for Lemon
Bay. In 2009 and 2010, FWRI collected Lemon Bay data to augment existing
data sets. With the assistance of FWRI, CHNEP prepared abundance charts
for both trawl (deployed in deeper waters) and bay seine (deployed in shallower
water) samples by year and by bay segment. In addition, CHNEP developed
Shannon-Weiner diversity index assessments for each sample. Average
diversity charts (by both trawl and bay seines samples by year and by bay
segment) were prepared. In addition, CHNEP used ArcGIS spatial analyst to
present a map of fish diversity based on the trawl samples. The analyses
showed no change within the period of record of 1996 through 2010, except for
a loss of diversity in the shallow water samples (CHNEP, 2011).
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Fish and shellfish safety—Fish consumption safety information was
obtained from the Florida Department of Health (FDOH). Fish consumption
advisories in the Charlotte Harbor study area are related solely to methyl
mercury in fish tissue. Maps showing Florida Department of Environmental
Protection (FDEP) impairments for mercury in the Charlotte Harbor area and
a chart with the “do not eat” fish advisories were presented. Between 2005 and
2010, a growing number of water bodies were designated as impaired for
mercury because of consumption advisories and mercury found in fish tissue.
Many areas such as Charlotte Harbor have had increasing mercury
concentrations because atmospheric deposition has increased (EPA, 2011).
Another contributing factor to increasing impairments is increased sampling
which may assist in confirming an impairment that previously existed.

Shellfish harvest area closure data were provided by the Department of
Agriculture and Consumer Services (FDACS). CHNEP prepared a map
showing approved shellfish areas and a chart created from the FDACS data,
showing improvement in the number of open harvest days during the last few
years. Lower than average rainfall contributed to more open harvest days
(FDACS, 2011).

Further analysis and description of fish and shellfish safety can be found in
the Watershed Report (CHNEP, 2011).

Fish and wildlife habitat—The CCMP has stated objectives for eight habitat
types. Three of these habitat types were selected for inclusion in the Watershed
Report, including seagrasses, mangroves and freshwater wetlands. Both the
Southwest Florida Water Management District (SWFWMD) and South Florida
Water Management District (SFWMD) have routinely mapped the areal extent
of seagrasses, mangroves and freshwater wetlands using the Florida Land Use,
Cover and Forms Classification System (FLUCCS). In 2006, CHNEP contracted
for the development a 1950s era historic benthic coastal resources map for aerial
photo interpretation. This information provided a context for modern seagrass
changes and helped to establish targets. Mangrove and freshwater wetland
historic changes were analyzed by comparing pre-development vegetation maps
to water management district 2004-2005 FLUCCS maps. Both water manage-
ment districts had developed estimates of pre-development habitat areas using
soils. In 2007, HDR, Inc completed its contract with SWFWMD to prepare more
precise maps for the Peace River Basin using the 1840s-era General Land Office
surveys (GLOS). In 2008, CHNEP contracted HDR, Inc. to replicate this process
for Charlotte County and Manatee County to augment the Peace River Basin
maps. Between these resources, CHNEP documented remaining extents of
seagrass (95%), mangrove (90%) and freshwater wetland (57%) of historic (1950s
in the case of seagrass and 1840s in the case of mangroves and freshwater
wetlands) estimates (CHNEP, 2011).

Shoreline condition—In 2007, CHNEP initiated shoreline conditions
mapping. The strategy included aerial photo interpretation coupled with
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citizen volunteer shoreline surveys. The contracted data provided linear values
of shoreline type (e.g. seawall, mangroves, exotic vegetation) and quality (e.g.
hurricane damage). The volunteer assessments documented mangrove heights
and trimming. CHNEP conducted the volunteer shoreline survey again in
2010. These CHNEP datasets were augmented with a 1995 statewide shoreline
study. CHNEP has found 81.5% of its shoreline in a natural condition and
non-native plants dominate 3% of shorelines. Manmade shorelines such as
bulk heads and rip-rap revetments make up the remaining shoreline. In 2010,
52% of urban lots had mangroves, up 4% from 2007. Of lots with mangroves,
39% trimmed them, up 7% from 2007. Of trimmed mangroves, 38% were less
than 6 feet in height, a violation of state standards, down 8% from 2007.

Managed lands—Florida has a marvelous history of pursuing environ-
mental land acquisition through various programs such as Florida Forever and
Save Our Rivers (Farr and Brock, 2006). In addition, all urban county partners
within the CHNEP study area have local environmental land acquisition
programs, including Polk, Sarasota, Charlotte and Lee Counties. Over
186,200 hectares (460,000 acres) are in conservation management. Of this
area, over 85,000 hectares (210,000 acres) have been acquired since 1998.
Almost 14% of our watershed land is in conservation. CHNEP worked with
the Florida Natural Areas Inventory (FNAI) to ensure accuracy of the FNAI
Managed Lands geographic information systems (GIS) files.

Restored lands—When the author began compiling restorations projects to
present in a restored lands map, she assumed that the focus would be on
restoration of managed conservation lands. As the work progressed, it became
apparent that a significant part of the story was nutrient source reduction and
water conservation on private land.

In 2007, the Southwest Florida Regional Planning Council (SWFRPC)
adopted a resolution with provided guidance to local governments recommend-
ing local ordinances which would reduce fertilizer application on urban property.
Since then the four coastal counties and seven of eight coastal cities within the
CHNEDP area adopted such ordinances. Combined, the adopted urban fertilizer
ordinances apply to over 118,200 hectares (292,000 acres) (CHNEP, 2011).

SWFWMD offers an agricultural best management practice (BMP) cost-
share reimbursement program for both water quantity and water quality,
entitled Facilitating Agricultural Resource Management Systems (FARMS)
Program. By 2011, over 46,500 hectares (115,000 acres) of FARMS projects
have been constructed or approved (CHNEP, 2011). After publication of the
Watershed Report, an additional 32,400 hectares (80,000 acres) of enrollment
under the DACS Agricultural BMP manuals were identified.

By adding together managed conservation land, property subject to urban
fertilizer ordinances, FARMS projects and the additional Agricultural BMP
enrollment, nearly 405,000 hectares (1,000,000 acres), or over 36% of CHNEP’s
land area, is under some form of active land or water conservation management.
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River flows—The three major rivers in the CHNEP study area are the
Caloosahatchee, Peace and Myakka rivers. Caloosahatchee flows are the least
natural of the three rivers. Originally, the Caloosahatchee did not have a direct
connection to Lake Okeechobee. In the 1880s, 1940s and 1960s, successive
channelization and construction of dams and locks have changed the timing of
the flow. Continuous measurement of Caloosahatchee flows in the CHNEP
study area began only after construction of the Franklin Lock (S-79) and
associated works in 1965. However, in 1926, river flows were measured daily
in LaBelle (George B. Hills Co., 1927). No day was below 300 cfs or above
2,800 cfs for this year of normal rainfall. Doering et. al. (2002) estimated the
salinity needs of habitat forming species required freshwater flows at S-79 to be
between 300 cfs and 2,800 cfs. After the Franklin Lock was constructed, a
significant number of days with river flows below the minimum and above the
maximum river flows have been measured each year. Since 1966, flows at S-79
have averaged less than 300 cfs for at least one month of the year in 40 of
44 years (all but 1983, 1987, 2003 and 2005). In 2001, an additional measure of
salinity of 10 parts per thousand for a 30-day average or a single daily average
of 20 parts per thousand at the gage in Fort Myers was adopted as part of the
Minimum Flows and Levels for the Caloosahatchee. Such data were available
beginning in 1992 and suggest that an additional 2 years (1995 and 1998) met
this additional measure of salinity. Since 1966, 20% of all months exceeded
unhealthy average flows of 2,800 cfs (CHNEP, 2011).

Since the mid-1970s, the upper Peace River has not met minimum flows for
a significant number of days in most years. That trend has increased in the
middle Peace River at Arcadia. The Myakka River receives too much flow
from dry season irrigation. Diversion of Cow Pen Slough flows from the
Myakka River basin balances some of this increased flow.

Clean water—A wide variety of water quality parameters are assessed by
Florida Department of Environmental Protection (FDEP) to identify impaired
water quality. In the CHNEP study area the most notable impairments are
bacteria, nutrients, dissolved oxygen, metals and salts. For the Watershed
Report, the CAC decided to focus on bacteria and nutrient impairments. The
Management Conference, including the CAC, also elected to develop water
clarity measures for which FDEP does not determine impairments. The two
sources of data for bacteria and nutrients are the FDEP impairment
assessments and CHNEP’s water quality status and trends assessments. In
general, bacteria and nutrient problems are numerous and growing worse.

Bacteria impairments included beach advisories, bacteria in shellfish and
fecal coliform. In 2008, 18% of the CHNEP study area was designated as
impaired for at least one bacteria parameter. By 2010, bacteria impairments
rose to 22% of the CHNEP study area. However, more long term stations
showed statistically significant improving trends (16%) than those that
degraded (10%). The other 74% of stations had no trend for their period of
record of at least 6 years and more typically 15 years. Most of the improving
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stations tended to be in estuaries, probably due to adjacent cities replacing
septic tanks with central sewer.

Nutrient impairments were identified by chlorophyll a and Trophic State
Index (TSI) values in excess of State standards. In 2008, 11% of the CHNEP study
area was designated as impaired for at least one nutrient parameter. By 2010,
nutrient impairments rose to 18% of the CHNEP study area. As with bacteria,
more chlorophyll a and TSI nutrient stations showed long term improving trends
(24%) than degrading trends (14%). The remaining 62% had no trend.

In Charlotte Harbor’s estuaries, water clarity is a function of colored
dissolved organic matter (CDOM), turbidity and chlorophyll (phytoplankton).
Phytoplankton (microscopic algac) and CDOM are critical for estuarine food
webs. Unfortunately, unnaturally high levels of phytoplankton can bloom
from excess nutrients and unnaturally high levels of CDOM can be present
from increased freshwater flow resulting from drainage projects. Since 2002,
the Coastal Charlotte Harbor Monitoring Network (of various partner
agencies) has provided stratified random sample data to assess ambient water
quality conditions. Sarasota County began its monitoring program earlier for
Lemon Bay and the Myakka. Under this program, water clarity is measured by
light attenuation (Kd), a measure of how much light is lost through the water
column. The Watershed Report explains the interaction of light with the water
column, chlorophyll a, CDOM and turbidity. These components reduce the
red and blue part of the light spectrum that seagrass need for survival.

Seagrass segments which have as much or more seagrasses than measured
in the 1950s include Tidal Myakka River, Charlotte Harbor, Pine Island Sound
and San Carlos Bay. These have been identified for protection. The CHNEP
established restoration targets for the other segments which include Lemon
Bay, Tidal Peace River, Matlacha Pass, Tidal Caloosahatchee and Estero Bay.

Through each of the ten segments periods of record, four segments have
shown improvement in Kd: Lemon Bay, Tidal Myakka, Tidal Peace and
Charlotte Harbor. Three of these segments went from a degraded condition to
an improving condition (against the same measures for each year). All four
segments are within the jurisdiction of the Southwest Florida Water
Management District which placed a priority on improving water quality
through partnerships with local governments and others. The approach
appears to be working well.

The only segment that appears to be getting worse is Estero Bay. The
Estero Bay watershed has had much development during the recent decades.
Data from the Charlotte Harbor Estuaries Volunteer Water Quality
Monitoring Network suggests that turbidity is the root of Estero Bay’s water
clarity problems (Ott et al., 2006). In addition to construction and other
activities adding more sediment to waterways, boating in this shallow, lagoonal
bay stirs up the sediments, causing continual problems with turbidity.

Water pollution (pollutant loads)—This factor complements a section
presented earlier which focused on concentrations of pollutants in natural
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systems. The Management Conference chose pollutant loads as an additional
environmental indicator to feature. More total nitrogen and phosphorus is
delivered to water bodies during times of high rain and creek flow. The total
amount is called a “load.” For estuaries, the load can be as much of a problem
as the concentration. Two kinds of substances were evaluated: excess nutrients
and suspended sediments.

Prior to this report, the latest pollutant load information for the CHNEP
study area was created in 1999 using data for the period of 1975 through 1990.
CHNEP initiated a project in 2008 to update the pollutant load information.
This occurrence had fortunate results. In 2010, CHNEP embarked on
developing recommended estuarine numeric nutrient criteria for FDEP and
EPA to consider as adopted water quality standards. The pollutant load data
were critical for the development of these recommended criteria. The updated
pollutant load data period of record was from 1995 through 2007.

Pollution loads varied each year because the amount of water flowing to
creeks, rivers and estuaries varies with rainfall. The amount of water flowing to
a water body is called a “hydrologic load.” From 1995 through 2007, the
greatest hydrologic load occurred in 1995 (more than 12 million cubic meters)
and the lowest was in 2007 (under 2 million cubic meters). The average
hydrologic load was more than seven million cubic meters.

Pollutants are carried with water flow. Total nitrogen (TN) loads varied from
more than 2 million kilograms (2,000 tons) in 2007 to more than 17 million
kilograms (19,000 tons) in 2005, with an annual average of more than 9 million
kilograms (10,000 tons). Total phosphorus (TP) varied from less than 500
thousand kilograms (500 tons) in 2007 to more than 3 million kilograms
(4,000 tons) in 2005, with an average of more than 2 million kilograms (2,000 tons).
Total suspended sediments (TSS) varied from more than 9 million kilograms
(10,000 tons) in 2007 to more than 125 million kilograms (135,000 tons) in 2005,
with an average of more than 56 million (62,000 tons) (Janicki Environmental,
Inc., 2010). The reason 2005 had such high pollution loading relates to a two year
period of intense rain and numerous hurricanes, as well as releases of impounded
water in advance of each impending hurricane to protect structures.

In 1999, the CHNEP assessed pollutant loads from 1975 through 1990. We
compared this 15-year period ending in 1990 to the 17-year period ending in
2007. It appears that there may have been a reduction in pollution loading of
total nitrogen by 48%, of total phosphorus by 36% and of total suspended
sediments by 47%. There are alternative explanations for the decrease in
pollution loading in the face of urban growth. Fewer urban development and
mining regulations, as well as agricultural best management practices, were in
place. Developments permitted before 1975 were allowed to build under the old
standards. As better standards were put into place, pollutant loading may have
decreased in general from the 1975-1990 period to the 1995-2007 period.
Another explanation is that pollution loading was overestimated for the earlier
period to account for greater uncertainties due to less available water quality
data (CHNEP, 2011).



No. 2 2013] BEEVER—STATE OF OUR WATERSHED 89

Emerging issues—CHNEP has sponsored research for several emerging
issues, including pollution from pharmaceuticals and personal care products
(PPCP) and climate change. In 2006, 2008 and 2009, Mote Marine Laboratory
conducted separate studies investigating the presence of pharmaceuticals in the
CHNEP study area. In 2006, ecoestrogens were measured by Mote Marine
Laboratory in water samples from Charlotte Harbor, Peace River, Myakka
River and the Caloosahatchee. Ecoestrogens are environmental chemicals
capable of altering estrogen-regulated processes in aquatic organisms
(Gelsleichter et al., 2009.) Of the three rivers, detection of ecoestrogens
occurred most frequently in the Caloosahatchee. Ecoestrogens were found near
other developed areas also. In 2008, ecoestrogens were measured in the
Caloosahatchee and in the tissue of a fish species [hogchokers (Trinectes
maculatus)] collected in the Caloosahatchee. Ecoestrogens do not appear
to pose significant health threats to wildlife populations residing in the
Caloosahatchee, based on low ecoestrogen concentrations and the apparent
lack of ecoestrogen effects in hogchokers found in the Caloosahatchee. In
2009, Mote Marine Laboratory tested for the presence of steroid, impotence
treatment, lipid-lowering drug and six antidepressant chemicals in water
samples, wastewater samples and the blood plasma of bull sharks found in the
Caloosahatchee and, as a control, the Myakka River. Presence of these
chemicals was often at undetectable or near detectable levels.

Beginning in 2008, CHNEP and the Southwest Florida Regional Planning
Council (SWFRPC) conducted several studies under EPA’s Climate Ready
Estuaries (CRE) program. The studies included a comprehensive climate change
vulnerability assessment (Beever et al., 2009a), a publicly accessible vulnerability
assessment document (CHNEP 2010) and a climate change adaptation plan for a
small city (Beever et al., 2009b). Reviewing local data, CHNEP documented that
average air temperatures have increased, the number of days in the year over 90°
F have increased, rainfall delivered in the rainy season has increased, rainfall
delivered in the dry season has decreased and sea level has risen about 8 inches,
during the past 100 years. Since 1965, sea level has risen at the Fort Myers gage
by one inch per decade. In addition, salt marshes and seagrass beds have
migrated landward by approximately 100 yards since 1950.

SumMmARY AND ConcLusions—CHNEP’s 2011 Charlotte Harbor Seven
County Watershed Report provides concise and rich analyses of the factors that
the Management Conference (the four committees that comprise the CHNEP)
found important. The Citizens Advisory Committee (CAC) guided extensive
staff analysis and preparation of the document. The CAC’s thoughtful
guidance resulted in a document that is meaningful to a majority of people.
General responses from the public confirm that the casual reader can easily leaf
through the document and can drill down for more detailed information where
they choose. In the end, the Watershed Report is a physical manifestation of the
science-based and consensus-driven partnership of citizens, scientists, resource
managers, top agency heads and elected officials that make up CHNEP.
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This paper describes data sources and analysis processes for nine components
of the Watershed Report. These sources and methods may be useful to agencies
that write reports of this kind intended for both the public and member/oversight
agencies. This paper also served as the introductory presentation for the 2011
Watershed Summit: The State of our Watershed and Estuaries. All presentations
which followed fit into and later augmented the Watershed Report.

Concurrently with the publication of the Watershed Report, CHNEP
launched its online Water Atlas (www.chnep.wateratlas.usf.edu). The Water
Atlas provides citizens, scientists and decision-makers with constantly updated
data and analysis of water-related issues.
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ABSTRACT: Seagrass monitoring is conducted annually throughout the Charlotte Harbor estuarine
complex by the Florida Department of Environmental Protection, Charlotte Harbor Aquatic Preserves
office. This program provides baseline, status and trends data of seagrass parameters for assessing
estuarine health. Results from 1999-2009 show the three most common seagrass species throughout the
Charlotte Harbor area are Halodule wrightii, Thalassia testudinum and Syringodium filiforme. Seagrass
appears relatively stable across the study area with minor declines associated with considerable wet years
and hurricane events. Since 2004, the total abundance of all seagrass species, as well as the density of H.
wrightii, increased significantly. In 2009, H. wrightii and S. filiforme had the highest mean shoot count in
Gasparilla Sound and Lemon Bay. The tidal Peace and Myakka river systems have the lowest
occurrence, abundance and densities of seagrass. The maximum depth of seagrass growth has increased
since 1999 with San Carlos Bay having the deepest growing seagrass. San Carlos Bay experienced
declines in seagrass abundance during high flow events from the Caloosahatchee River. Continued
monitoring will be important to track changes, understand potential causes of trends, and to aid in
estuarine management so the aquatic preserves can be maintained in an essentially natural condition.

Key Words: Seagrass, Monitoring, Charlotte Harbor Aquatic Preserves,
Halodule wrightii, Thalassia testudinum, Syringodium filiforme

THE Florida Department of Environmental Protection (FDEP) Charlotte
Harbor Aquatic Preserves (CHAP) office, through the Office of Coastal and
Aquatic Managed Areas (CAMA), has been monitoring seagrasses since 1999 at
fifty fixed transects throughout the Lemon Bay, Gasparilla Sound-Charlotte
Harbor, Cape Haze, Pine Island Sound and Matlacha Pass Aquatic Preserves
(F1G. 1). Aquatic preserves are exceptional sovereign submerged lands set aside by
the Florida Legislature to be preserved in an essentially natural condition for future
generations to enjoy (Chapter 18-20.001(2) F.A.C.). To properly manage these
aquatic preserves, CHAP staff monitor water quality and seagrass conditions to
obtain baseline conditions, assess status and trends, and identify areas of concern.
Long term quantitative monitoring of seagrass beds at repeatable intervals along
fixed transects provides valuable information to resource managers such as seagrass
species distribution, density, abundance, and the deep edge of the meadows. The
data from this program has been provided to other agencies for statewide seagrass
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Fic. 1. Florida Department of Environmental Protection (FDEP), Charlotte Harbor
Aquatic Preserve’s (CHAP) seagrass monitoring sites by region.

reports, establishing water clarity targets based on the seagrass deep edge depth
data, and has provided information for regulatory review of activities proposed in
the aquatic preserves.

Seagrass meadows are considered to be one of the most productive
ecosystems (Larkum et al., 2010), playing an integral role in the estuarine
environment by improving water quality, stabilizing sediment, removing
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TasLe 1. Braun Blanquet abundance categories for seagrass coverage in a square meter and
corresponding code (as seen in graphs).

Braun-Blanquet

Code Abundance %
0 no cover
1 <5
2 5-25
3 26-50
4 51-75
5 76-100

suspended materials from the water column, aiding in nutrient cycling and
providing shelter and food for many juvenile estuarine and marine species
(Hemminga et al., 2000). Several seagrass characteristics can help determine
the ecosystem health and quality of an estuary, including the presence or
absence of seagrass, abundance, density, species type, epiphytic growth (plant
and animal), blade lengths and the water depth at which they are found. Each
year these key parameters are monitored along fixed transects that are
representative of a defined waterbody and watershed within the CHAP.

The CHAP will continue to monitor this important submerged resource to
track yearly changes in various seagrass characteristics and create summary
reports. The FDEP CHAP Seagrass Report (Brown, 2011) is a graphical
summary of seagrass species, occurrence, abundance and density between
regions and by year from 1999-2009. This paper includes a statistical analysis
of the FDEP CHAP’s 2011 report, highlighting significant trends and
discussion of the results.

MATERIALS AND METHODS—Field methods—The CHAP seagrass monitoring program occurs
annually throughout late summer and fall (August to November) in order to capture seagrass at its
prime abundance. The program includes fifty sites covering an extensive geographic area; from the
southern end of Sarasota County in Lemon Bay throughout Charlotte and Lee Counties including
five aquatic preserves, San Carlos Bay and the Peace and Myakka River systems. The transect
locations (FiG. 1) are influenced by various watersheds and have been grouped accordingly. Each
transect starts perpendicular to shore at the beginning of the seagrass bed and ends waterward at
the deep edge (the last shoot) of the seagrass bed. Every year, the transects are monitored at fixed
repeatable intervals or stations, which are physically marked with PVC stakes and geo-referenced
using a sub-meter accuracy Trimble© GPS unit. Transects range from 10m to over 600m long and
stations are typically set every 50m, except for transects <50m in length, where stations are set
every 10m. At each station, ten parameters are measured within a one square meter quadrat
(divided into 100 cm? squares) including depth of the water, sediment type, total abundance (using
Braun-Blanquet (BB) abundance ranges, Fourqurean et al., 1999; TABLE 1), species type and species
abundance, shoot density per species, five blade lengths per species, epiphyte type and epiphyte
density, and relative location of the station (i.e. beginning, middle or end of bed). Shoot density is
measured for each species at each station using a pre-determined pattern relative to the BB
abundance. A BB abundance of 5 would require the shoots counted in only 5 squares (every other
square along a diagonal pattern within the quadrat), while every shoot would be counted in a
quadrat with a BB of 1. The shoot count measurements are then calculated appropriately in the
database as the density of the entire quadrat (i.e. the shoot count number is multiplied by a factor,
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relative to the BB abundance, to represent a total of 100 squares). Epiphyte densities are
recorded as either clean (1), light (2), moderate (3) or heavy (4). All parameters have been
measured since 1999, except for total abundance which began in 2004 and density/shoot counts
which began in 2005. Detailed monitoring procedures are outlined in the FDEP CHAP protocols
(Stearns, 2007).

Analyses methods—The field monitoring data is entered into an Access® database each year
following the field survey. Water depths (cm) measured in the field are converted to mean water
depths in Excel® using the beginning and ending tide stage for the transect, the closest NOAA
benchmark tidal datum and the time recorded at each station. Status and trends by year,
hydrological region and species were developed using SPSS™ statistical software.

For analyses of BB abundance, the number code associated with the abundance category was
used. A BB of 0, or no cover, was included in the analysis of total abundance but not for species
abundance, as this relates only to the abundance of a particular species by region and year. The 50
transects were grouped and summarized according to nine hydrological regions: Peace River,
Myakka River, Upper West Charlotte Harbor (UWCH), Lower East Charlotte Harbor (LECH),
Lemon Bay, Gasparilla Sound, Pine Island Sound, Matlacha Pass and San Carlos Bay (Fic. 1).
Individual transect analyses were not examined, as transects were grouped by hydrological region
to search for trends. Only the repeatable stations (monitored nine out of the eleven years) along
each transect were analyzed for consistency. Beginning and end of bed data were not used for the
determination of abundance and density, as the seagrass beds typically vary from year to year in
extent. However, deep edge data were used to determine maximum seagrass growth depths.

Assumptions of normality were tested using: Johnson’s SU transformation for skew;
Anscombe & Glynn’s transformation for kurtosis; and Jarque & Bera LM test. Outliers were
identified using Mahalanobis D2 The assumption of homoscedasticity was tested using Levene’s
test of homogeneity of variance. Assumptions of linearity were examined using plots of observed
versus predicted values and residuals versus predicted values. In addition, assumptions of
independence were assessed using autocorrelation function (ACF) and the Durbin-Watson d test.
Where the assumptions were violated, data were either transformed or robust nonparametric
regressions (Theil-Kendall regression) were used for detection of trends. However, if assumptions
were met or the data was transformed, linear regression was used. These statistical methods for
trend analyses are those employed by Leary, 2011.

Analyses of flow versus abundance for San Carlos Bay were conducted using the mean annual
discharge from the S-79 Franklin Locks and Dam against the average annual abundances of all
species combined, H. wrightii, S. filiforme, and T. testudinum. Average abundances were regressed
against flow, and included both Pearson’s correlation and ANOVA tables. Likewise, paired t-tests
were run on flow versus average abundances. In addition, ANOVA with the Brown-Forsythe F test
(a modified ANOVA which is robust against heteroscedastic data) and Dunnett’s T> post hoc
(a robust post hoc test when data are heteroscedastic) comparisons were run for abundances against
the years (used as a proxy for mean flow since there was only one value per year) to determine
which flow-years were significantly different. Pearson correlation were run correlating Matlacha
Pass average annual seagrass (all species combined) and mean annual rainfall in Ft. Myers. A
significance value of p<<0.05 was used to determine if the trends were significant or not.

REsuLTsS—As a whole, the seagrass parameters measured were stable
throughout the region from 1999-2009. There were some decreases in
abundance and density in 2004 and 2005, the two years characterized by
higher than average rainfall and hurricanes. However, since that period,
seagrasses have rebounded with some of the highest recorded abundances and
densities in the CHAP monitoring program, and were found at the deepest
depths in 2009. Variations in species abundance, occurrence and densities by
year and hydrological region were observed over the study period within the
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TaBLE 2. Percentage of occurrence of seagrass species (including no cover) by year within the
CHAP. (H. Species refers to the genus Halophila.).

Year No Cover H. wrightii ~ T. testudinum  S. filiforme R. maritima H. Sp.
1999 10 46.5 31.5 9.2 1.9 0.8
2000 11.9 47.8 30.4 9.3 0.7 0
2001 16.2 40.5 32 9.5 1.4 0.4
2002 15.5 44.5 31.7 8.3 0 0
2003 19.9 41.3 29.9 8.9 0 0
2004 19.9 41.6 30.1 8.4 0 0
2005 243 41 26.5 8.2 0 0
2006 20.3 44.5 27.2 7.9 0 0
2007 15.8 47.4 26.8 9.3 0 0.7
2008 16 47 25.4 8.7 2.8 0
2009 12.5 51.2 27.5 8.8 0 0
Mean 16.6 44.8 29.0 8.8 0.6 0.2

estuary primarily due to the influence of the hydrologic regions’ watershed and
annual variations in climatic conditions.

Seagrass species occurrence—The three most frequently occurring seagrass
species throughout the Charlotte Harbor area are Halodule wrightii, Thalassia
testudinum, and Syringodium filiforme occurring approximately 45%, 29% and
9% of the time respectively (TABLE 2). Seagrass absence (i.e. no cover) was
observed approximately 17% of the time along consistently sampled transect
stations. Ruppia maritima, Halophila engelmannii and Halophila decipiens are
also found in the study area but with no major occurrence or abundance, and
were not used for these analyses or for finding the deep edge of bed. H. wrightii
occurs in all estuary regions, while 7. testudinum and S. filiforme are found in
most regions with the exception of the Peace and Myakka Rivers. S. filiforme is
absent in Matlacha Pass as well. For all regions, Leary (2011) found H. wrightii
frequency, based on density not occurrence, was significantly increasing over
the years (p=0.030).

Total abundance—Since the initiation of monitoring total abundance of all
seagrass species combined (2004), total abundance has increased significantly
(p<<0.001) from an average BB of 1 to 2 (FiG. 2). Gasparilla Sound has the
most abundant seagrass (BB of 2) over the 2004-2009 time period, while
Myakka and Peace Rivers have the lowest average total abundances (BB of 0.5
and 0.4 respectively). Six of the nine regions showed significant increasing
coverage trends from 2004-2009 (Peace River p=0.004, Myakka River
p=0.025, UWCH p<0.001, LECH p<0.001, Gasparilla Sound p=0.002 and
San Carlos Bay p<<0.001; Leary, 2011). The three remaining stratum show
increasing, but non- significant trends in total BB abundance.

Species abundance—Throughout the study area from 1999-2009, H.
wrightii was the only species to have a significant increasing trend in
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FiG. 2. Mean annual Braun-Blanquet (BB) total quadrat abundance (+/— SE) for the three
major seagrass species, including no cover, over the period of record (2004-2009) for the CHAP
study area.

abundance (p<<0.001). By region, H. wrightii abundance increased significantly
in San Carlos Bay (p<<0.001), Myakka River (p=0.019), UWCH (p< 0.001),
LECH (p<0.001) and Matlacha Pass (p<<0.001). Lemon Bay and San Carlos
Bay had significant declines in 7. testudinum abundances (p=0.025 and
p<<0.001 respectively), and S. filiforme decreased significantly in Lemon Bay
(p=0.025). With all years combined, Gasparilla Sound had the highest average
abundances of H. wrightii (BB of 2) and S. filiforme (BB of 3), while the LECH
region had the highest average abundance of T. festudinum. The Peace and
Myakka Rivers had the lowest average H. wrightii abundance (BB of 1); while
the lowest average abundances of 7. testudinum and S. filiforme (BB of 2) occur
in San Carlos Bay.

Region wide, all three seagrass species displayed a decline in species
abundance during the years 2002-2005. Species abundance then increased with
the abundances from 2007-2009 similar to 1999-2001 coverages. San Carlos
Bay and Matlacha Pass were the only two regions with decreases in seagrass
coverage in 2005 for all species present (FiG. 3). San Carlos Bay mean annual
seagrass abundance (all species combined) significantly declined in 2005
(p<<0.001), which was significantly different from all other years (p ranges from
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Fic. 3. Mean BB abundance (+/— SD) by species and year for Matlacha Pass and San Carlos
Bay over the study period (1999-2009).

0.020 for 2003 and 2006 to <0.001 for all other years) and was negatively
influenced by the Caloosahatchee River flow (p=0.001). Matlacha Pass

seagrass abundance was negatively correlated to annual rainfall (—0.774,
p=0.005), not flow.
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Fic. 4. Halodule wrightii mean annual shoots per square meter (+/— SE) over the CHAP
study area from 2005-2009. (Note: shoot counts were not conducted before 2005).

Shoot density—Recording shoot counts, or density, per species within each
quadrat began in 2005. The highest densities of H. wrightii, T. testudinum and
S. filiforme occurred in 2009. Across the study area, mean H. wrightii shoot
counts significantly increased from 2005 to 2009 (p<<0.001); from 221 to 841
shoots/m? (FIG. 4). Myakka and Peace Rivers, Gasparilla Sound and San
Carlos Bay all had significantly increasing trends in densities for H. wrightii
(p=0.007, p=0.013, p=0.002 and p<<0.001 respectively) and for all seagrass
species combined (p=0.017, p=0.014, p=0.002 and p<0.001 respectively).
UWCH and LECH had significant increasing trends for all species combined
(p=0.023 and p=0.004 respectively), while Pine Island Sound had an
increasing trend in H. wrightii density (p=0.028).

Over the five years that density was measured, Lemon Bay and Gasparilla
Sound regions had the highest mean H. wrightii densities at 907 and 856 shoots
/m? respectively. The average density of S. filiforme was 562 shoots/m?,
throughout all the regions, with the highest occurring in 2009 (631 shoots/m?).
Gasparilla Sound had the highest average density of S. filiforme (744 shoots/
m?) with all years combined. T. testudinum densities were highest in 2009
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Fic. 5. Deep edge seagrass mean depth (+/— SE) by region over the study period.

throughout all the regions, with LECH having the greatest densities (281
shoots/m?) and San Carlos Bay having the least (43 shoots/m?).

Deep edge—On average, across the study area, the maximum depth of

seagrass growth (deep edge) increased significantly from 1999 (—1.42 m) to
2009 (—1.69 m; p=0.006). San Carlos Bay has, on average, the deepest growing
seagrass growing (—1.91 m), followed by Gasparilla Sound (—1.77 m), Pine
Island Sound (—1.71 m) and Lemon Bay (—1.63 m; F1G. 5). From 1999 to
2009, deep edge measurements trended significantly deeper only in the San
Carlos Bay (p=0.001), Matlacha Pass (p=0.001), Gasparilla Sound (p<<0.001),
and LECH (p=0.017) regions.
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Epiphytes—From 1999-2009, epiphyte densities have increased signifi-
cantly (p<<0.001) over the study area. Regionally across all seagrass species,
epiphyte density significantly increased in Pine Island Sound (p=0.014),
Matlacha Pass (p<<0.001) and San Carlos Bay (p<<0.001), while there were
significant decreasing trends in UWCH (p=0.040) and Gasparilla Sound
(p=0.017). T. testudinum epiphyte densities decreased significantly in Lemon
Bay (p<<0.001), UWCH (p<0.001), LECH (p=0.005), and Gasparilla Sound
(p<0.001) while epiphyte densities for H. wrightii increased in LECH
(p=0.031), Pine Island Sound (p<<0.001), Matlacha Pass (p<<0.001) and San
Carlos Bay (p<<0.001) over the study period. The majority of epiphyte densities
were characterized as light or moderate, with 7. festudinum exhibiting more
moderate to heavy loading than the other two species. H. wrightii’s heaviest
loading occurred in San Carlos Bay, while the heaviest loading on T.
testudinum and S. filiforme occurred in UWCH and Lemon Bay, respectively.

Discussion—The overall trends in seagrass abundance and density over
the study area and period correspond well with one another. The trends are
influenced by several interacting variables, but a primary driver for the overall
trends appears to be related to the amount of freshwater the watershed and
estuary received. Freshwater influence from seasonal rainfall as well as natural
and anthropogenic flow, can lead to a decline in salinity and water quality (i.e.
increases in nutrients, chlorophyll a, color, turbidity, etc.) in the receiving
estuary (McPherson and Miller, 1987). Color, chlorophyll and other suspended
matter, such as turbidity, are primary factors causing reduced water clarity and
light penetration to the seagrass beds (McPherson and Miller, 1987; Corbett
et al., 2005; Greenawalt-Boswell et al., 2006). Water clarity increases with
increased salinity levels, therefore reduced water clarity as a result of
freshwater flow can cause adverse conditions for optimum seagrass growth
from decreased light penetration (Johansson, 2000; Tomasko et al., 2001;
Doering et al., 2002; Corbett et al., 2005; Greenawalt-Boswell et al., 2006).
Losses of seagrass coverage in Tampa Bay, Sarasota Bay and Upper Charlotte
Harbor have been linked to reduced water clarity from increased freshwater
inflow and stormwater runoff (Tomasko et al., 2005). Seagrass in the CHAP
region is highly influenced by freshwater flows from the Caloosahatchee, Peace
and Myakka Rivers.

Species occurrence is dependent on salinity, and areas that are subject to
freshwater flow and high variations in salinity, such as the Peace and Myakka
Rivers, cannot support stable seagrass populations (Greenawalt-Boswell et al.,
2006). The Peace and Myakka Rivers do in fact have the lowest occurrence,
abundance and densities of seagrass, as well some of the lowest salinities and
water clarity in the Charlotte Harbor complex (Duffey et al., 2007). Seagrass
beds near the Caloosahatchee River are also influenced by changes in salinity,
and the quantity and timing of freshwater flows are especially important in this
region as it can be controlled through the gate and lock system upstream
(McPherson and Miller, 1987; Doering et al., 2002; Corbett et al., 2005).
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Fic. 6. Mean H. wrightii BB abundance for the CHAP study area over the study period in
relation to mean annual rainfall in Ft. Myers, FL.

According to Florida State University’s Florida State Climate Center
(2010), Ft. Myers’ lowest average annual rainfalls over the study period
occurred in 1999, 2000, 2007 and 2009, with 2009 having the lowest average
annual rainfall (101.3 cm). In response to the low rainfall, it appears that
seagrasses such as H. wrightii, flourished, having the highest abundances and
densities during the dry years (FiG. 6). Corbett (2006) also documented
increases in aerial seagrass coverage during the drought conditions of 1999 to
2002. The years 2003, 2004, 2005 and 2008 mark some of the wettest years of
the study period, with the numerous tropical storms and hurricanes that
inundated southwest FL in 2004 (Hurricane Charley) and 2005 (Hurricane
Wilma). In 2005, the region experienced 189.1 cm of rain (FSU, 2010), the
highest recorded during the study period which likely contributed to a decline
in species’ abundance (Fi1G. 6) and the lowest densities in the study period. In
Matlacha Pass, annual rainfall was negatively correlated to species abundance.
Dawes and Avery (2010) found that H. wrightii coverage in Hillsborough Bay
(Tampa, FL) decreased as well during the wet hurricane years of 2003-2005.

The frequency of freshwater releases through the gate and lock system on
the Caloosahatchee River also increased in response to high rainfall conditions.
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Fic. 7. Mean BB abundance of seagrasses in San Carlos Bay by year in relation to mean
annual flow at the S-79 lock on the Caloosahatchee River.

Freshwater discharges from this highly managed system enter into southern
Matlacha Pass and San Carlos Bay. During the study period, measured flows
at the western most lock (S-79) were the highest in July 2005 ( reaching
22,156 cfs), according to the SFWMD (2010). Hurricane Wilma also passed
through the study area Oct. 24, 2005, generating high rainfall and flow events.
As a result, southern Matlacha Pass and San Carlos Bay experienced a low
fluctuating salinity environment which has been shown to be a significant
factor in causing a decline in seagrass abundance (Corbett et al., 2005;
Greenawalt-Boswell et al., 2006). The high flows through the S-79 lock
negatively impacted seagrass abundance in San Carlos Bay (FiG. 7), as this
region experienced a significant decline in abundance in 2005. Compared to
other years, 2005 seagrass abundance in San Carlos Bay was found to be
significantly different. Corbett et al. (2005) also related high discharge years to
lower seagrass coverage due to low salinity and/or lower light availability. One
particular transect in San Carlos Bay, closest to the mouth of the
Caloosahatchee River, lost 7. testudinum (a species that prefers high salinity
waters) at all stations after the high flow event and the low salinity
environment caused by Hurricane Wilma. Flows averaged 11,450 cfs within
the 16 days after Wilma and salinity at the nearby CHAP continuous water
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quality station averaged 7.2 ppt ten days prior to monitoring the seagrass
transect on Nov. 9, 2005 and reached as low as 3.5 ppt on Nov.4™. Doering
and Chamberlain (2000) noted that T. testudinum is negatively impacted
between salinity values of 6-12 ppt, and mortality of H. wrightii shoots begin
below 6 ppt (Doering et al., 2002). The quantity and duration of the
Caloosahatchee high freshwater flows created a low and variable salinity
environment resulting in the disappearance of T. testudinum at this transect
from 2005-2009, as well as the decrease in all San Carlos Bay’s seagrass species
abundance in 2005 and 7. testudinum abundance over the study period.

Hurricane related freshwater discharges have affected seagrasses on the
southeast coast of Florida (Loxahatchee River Estuary) as well. S. filiforme
declined one month after hurricanes Frances and Jeanne in 2004 due to the
high daily salinity fluctuations that resulted from the freshwater discharges
(Ridler et al., 2006).

Even though San Carlos Bay has been subjected to high flow events from
the Caloosahatchee River, this region has on average, from 1999-2009, the
deepest growing seagrasses for all species combined (—1.91 m, FiG. 5). This
may be due to the fact San Carlos Bay is a deeper waterbody compared to the
other shallow estuaries of the study area, but Duffey et al. (2007) noted San
Carlos Bay to have above average water clarity and found a significant increase
in secchi depth (clarity) from 1998-2005.

Several environmental and anthropogenic factors negatively influence
seagrass health within the CHAP other than salinity fluctuations. Nutrient
over-enrichment in the water column can lead to harmful algal and epiphytic
growth while frequent activities such as boating, trawling, and coastal land
development (including dredging and filling) can cause an increase in turbidity
(Burkholder et al., 2007; McGlathery, 2001). Together, turbidity and excess
nutrients can cause a reduction in water clarity therefore leading to seagrass
decline (Burkholder et al., 2007; Tomasko, 2005). Burkholder et al. (2007) and
Orth (2006) explain that “other human-related changes such as increased
temperatures from global warming, exotic species introductions, and trophic
imbalances that lead to overgrazing may also interact with nutrient enrichment
and other stressors to cause seagrass declines.”

While some of the detrimental factors to seagrass are not directly
manageable, such as reduced salinity due to high rainfall and storm events,
others could be more effectively managed. For example, impacts from boat
propeller scarring and harmful artificial releases of freshwater could be
managed in an effort to support healthy and diverse seagrass beds within the
CHAP.

The results from this monitoring program highlight the variability of
seagrass beds found within CHAP over the study period. Specific trends in
seagrass density and total abundance were dependent upon on when the
parameter was first collected. In order to properly characterize long term
trends, the CHAP seagrass monitoring program will continue providing a
critical tool to capture annual abundance, densities, species composition, and
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deep edge of bed trends. These monitoring data play an integral role in
assessing seagrass and estuarine health. Linking additional water quality
parameters and future clarity trends to the CHAP seagrass monitoring
program data will be critical to the management of the Charlotte Harbor
estuarine system.
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ABSTRACT: Seagrasses are important to estuarine health, influencing physical, chemical and
biological environments of coastal waters. Seagrasses stabilize sediments, filter nutrients, and provide
habitat for estuarine organisms. Understanding seagrass distribution and trends relative to freshwater
input aids resource management. From 1996-2009, hydroacoustic technology was used to assess spatial
and temporal fluctuations in seagrass coverage of the Caloosahatchee River Estuary relative to annual
rainfall. Three estuarine areas, with different salinity regimes and species composition, were monitored
three times a year for percent seagrass coverage and plant height. Sampling was performed at the
beginning (spring), middle (summer), and end (fall) of the seagrass growing season. Results showed
that seagrass percent coverage, percent volume infestation and plant height increased with distance
downstream. All three parameters were greatest in summer, intermediate in fall and lowest during spring
months. Annual rainfall influenced seagrass abundance differently. During average and wet years,
seagrass measurements were greatest in summer, while in dry years measurements were similar in
summer and fall. Study results indicated that seagrasses in the Caloosahatchee River Estuary are
sensitive to inter-annual changes in rainfall. While there is considerable year to year variation, seagrass
coverage has been relatively stable over the 13 year study period.

Key Words: Caloosahatchee River Estuary, annual rainfall, hydroacoustic,
seagrass

SEAGRASSES play an important part in the health and well-being of aquatic
ecosystems. Seagrasses influence the physical, chemical and biological
environments of coastal waters by stabilizing sediments, buffering or filtering
nutrient and chemical inputs to the system, and by providing habitat, refugia,
and food to many stages of estuarine organisms (Diaz et al., 2004; Zieman and
Zieman, 1989). The services seagrasses provide also play an economic role in
the support of coastal ecosystems. Nutrient cycling provided by seagrasses had
an estimated global value of $19,000 ha 'yr™! in 1994 (Conservation
International, 2008), and in 1998, Monroe County Florida reported an
estimated 53 million dollars in total revenue of commercial and recreational
fisheries, for seven seagrass-dependent species (Green and Short, 2003).

Globally, seagrass is waning at an alarming rate (Pulich and White, 1991;
Waycott et al., 2009). Fifty-eight percent of the world’s seagrass beds are in a
state of decline, while twenty-nine percent of the known areal extent has
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disappeared since 1879 (Fourqurean et al., 2009). Many areas have attributed
declines in seagrass abundance and distribution to changes in freshwater
delivery to estuarine systems. For instance, alterations in freshwater inflow
resulting from watershed development and water management practices have
affected salinity and water quality within southwest Florida estuaries (Carlson
et al., 2010; Keener et al., 2010; Schmidt et al., 2006). In turn, changes in
salinity and other water-quality parameters affect the composition, distribution
and abundance of seagrass in these systems (Greenawalt-Boswell et al., 2006;
Corbett and Hale, 2006; Doering et al., 2002).

The Caloosahatchee River and Estuary, located on the southwest coast of
Florida, are part of the larger Charlotte Harbor system (FiG. 1). Input to the
Caloosahatchee River flows come from three main sources, Lake Okeechobee, the
C-43 watershed, and the Caloosahatchee River Estuary tidal basin. Depending on
the period of record considered, contributions from the C-43 watershed can range
from 44-52%, while contributions from Lake Okeechobee and the Caloosa-
hatchee River estuary tidal basin can range from 17-31% and 24-32% respectively
(SFER 2012). The influence of these annual flows on salinity and water quality
extend beyond the Caloosahatchee Estuary into the adjacent waters of San Carlos
Bay and Pine Island Sound (Doering and Chamberlain, 1998).

There are four predominant species of seagrass found in the Caloosa-
hatchee system, distributed along the salinity gradient from the head of the
estuary out into San Carlos Bay and Pine Island Sound. The salt-tolerant
freshwater species, Vallisneria americana (Michx) (tape grass) grows in the
upper estuary (Doering and Chamberlain, 1999). The freshwater tolerant
marine species Halodule wrightii (Ascherson) (shoal grass) is found from the
lower Caloosahatchee Estuary into Pine Island Sound (Doering et al., 2002).
The more obligate marine species Thalassia testudinum (Banks ex Konig)
(turtle grass) and Syringodium filiforme (Kutzing) (manatee grass) are found in
San Carlos Bay and Pine Island Sound. Salinity and other water quality
requirements of seagrasses have been used to establish water quality targets
(Corbett and Hale, 2006) for the entire Charlotte Harbor estuary system and
freshwater inflow limits (Doering et al., 2002) for the Caloosahatchee River.
Monitoring the resources (e.g. seagrass) upon which environmental targets are
based is key to verifying the validity of these targets (Chamberlain et al., 2009).

The three methodologies for characterizing and monitoring seagrass are
physical, off-water remote and on-water remote. Established manual
techniques (physical) are labor-intensive and generate observations of very
limited spatial extent. Off-water remote techniques, such as aerial imagery,
provide large synoptic assessments of spatial patterns but are highly dependent
on uncontrollable environmental factors. On-water remote techniques include
boat-based methods using optical or hydroacoustic sensing devices not in
direct contact with the vegetation (Sabol et al., 2002; Winfield et al., 2007).

Here we report the results of thirteen years of monitoring seagrass in the
downstream portion of the Caloosahatchee system (1996-2009), using a
hydroacoustic technique (Sabol et al., 2002; Chamberlain et al., 2009).
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Area 2 = Lower Caloosahatchee

Area 3 = San Carlos Bay

g5l 2 3 4. Area 4 = Pine Island Sound
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Fic. 1. Study area within the Caloosahatchee River Estuary. Lines delineate the breaks
between Area 2 (the Lower Caloosahatchee River (LCR)) and Area 3 (San Carlos Bay (SCB)) and
between Area 3 and Area 4 (Pine Island Sound (PIS)). Circles mark the approximate location of
each reach sampled within each area (R3-R8).
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Chamberlain et al. (2009) compared this technique to traditional manual
monitoring and found that in the Caloosahatchee River Estuary seagrass
density and canopy height were similar between the two methods.

In this study we relate spatial and temporal variations in seagrass coverage
to variation in annual rainfall (i.e. average, dry and wet). We expect seagrass
coverage, percent volume infestation and plant height to decrease in wetter
years due to lower salinity and increased light attenuation.

MEtHODS—Hydroacoustic sampling—Hydroacoustic sampling procedures used in this study
have also been used by Sabol et al. (2002) and Chamberlain et al. (2009). Equipment used in data
collection was the same used by Sabol et al. (2002) and described in the aforementioned publication
as a “‘boat-based system, referred to as the Submersed Aquatic Vegetation Early Warning System
(SAVEWS)”. The system used in this study consisted of a Biosonics DT4000 digital echo sounder
(Biosonics, INC., Seattle Washington; Acker et al., 1999) and a Leica differentially corrected GPS
linked to a Panosonic Toughbook PC. Monotone pulses or pings are generated by the 420-kHz, 6-
deg single-beam transducer (echo sounder). The rate and duration of the pings is set by the user,
which we set as 5 pings s~ and 0.1 ms respectively, the commonly used settings. Return echoes are
digitized at high frequency and dynamic range and the resultant data were stored on the Panosonic
Toughbook hard drive. GPS position reports (latitude and longitude) are recorded at a slower rate
(0.5 to 1.0 reports s~ ') and interspersed throughout the data. Horizontal accuracy of the GPS is
approximately 5 m (Logsdon, 1992).

Sampling locations—Study sampling locations are shown in F1G. 1. Three areas (with 2 sites or
“reaches” per area) within the Caloosahatchee River Estuary were sampled along a salinity
gradient ranging from moderately mesohaline sites with only Halodule wrightii, to euryhaline sites
containing a mix of seagrass species, including Thalassia testudinum, Halodule wrightii, and
Syringodium filiforme. Although sites contained a mix of seagrass species the Biosonics equipment
cannot differentiate between species so all seagrasses were lumped together. Each area/reach was
located in the general vicinity of long-term South Florida Water Management District seagrass
monitoring stations sampled using the physical method (Chamberlain and Doering, 1998a;
Chamberlain and Doering, 1998b).

Each reach consisted of 10 parallel transects running perpendicular to shore. Transects were
spaced 50 meters apart and varied in length between 100 and 425 meters. Sampling consisted of
slowly (3-5 km hr™!) driving the boat (transducer attached) along each transect using the GPS for
navigation. Transects were generally sampled around high tide (=3 hrs.) to minimize danger of
damaging the transducer, the sea bottom, or grounding the boat.

Sampling period—During 1996-2009, sampling was performed, with some exceptions, at the
beginning (spring), middle (summer) and end of the growing season (fall) (TABLE 1).

Data processing—At the end of each sampling day, data collected from SAVEWS (one DT4
file per transect) was post processed through EcoSAV, a program developed by Biosonics
specifically for this purpose. ECoSAYV transforms the DT4 files into ODF files. The ODF files along
with tidal information taken before and after sampling each reach, were then processed through
another Biosonics program called Finalize in which bottom depth is corrected to MLW and the
ODF files become one CSV file. This post processing procedure associates all data (water depth,
plant height and plant percent coverage) with a reach number, transect number and state plane
coordinates. The CSV file was than saved as an excel file for easy manipulation/analysis of the data.

Due to limits of the equipment, data was sorted by bottom depth and all depths shallower
than 0.5 meters and deeper than 2.1 meters were deleted (BioSonics, 2004). Elimination of data in
this way did not present a problem since seagrass in the Caloosahatchee has historically occurred in
areas less than 2 meters deep. Of the 285,560, data points collected over the 13 year period 26,385
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Calendar year associated with season and survey number. S represents survey. NA
designates months when surveys were not completed.

Season

Spring Summer Fall
Year Date (Survey #) Date (Survey #) Date (Survey #)
1996 March 25-28 (S1) June 11-14 (S2) September 10-13 (S3)
1997 NA NA NA
1998 NA NA September 1-3 (S6)
1999 March 21-23 (S7) June 15-17 (S8) October 12-14 (S9)
2000 March 15-17 (S10) June 15-16 (S11) September 25-27 (S12)
2001 March 26-29 (S13) June 18-21 (S14) October 1-3 (S15)
2002 March 18-20 (S16) June 24-25 (S17) September 3-5 (S18)
2003 March 21-23 (S19) July 29-31 (S20) October 6-9 (S21)
2004 March 10-13 (S22) NA NA
2005 NA June 20-23 (S25) September 12-14 (S26)
2006 April 17-19 (S27) June 28-29 (S28) September 19-21 (S29)
2007 March 20-22 (S30) June 13-14 (S31) September 18-19 (S32)
2008 April 8-10 (S33) June 3-5 (S34) September 22-23 (S35)
2009 NA June 8-9 (S36) NA

(9.2%) points were deeper than 2.1 meters while 25,516 (8.9%) points were less than 0.5 meters
deep. Of these 51,901 points only 14,278 (5% of total) were reported to contain seagrass. Since
limitations of the equipment put the validity of these out of bounds points in question, they were
deleted. Also, when multiple records of the same latitude and longitude occurred, the data were
considered spurious and were deleted.

Data analysis—The analysis of hydroacoustic data focused on percent seagrass coverage,
plant height, and percent volume infestation (PVI) or biovolume. PVI describes available habitat
(area of the water column filled by seagrass or the volume of biological habitat) for fish and
zooplankton communities (Werner et al., 1977; Schriver et al., 1995; Perrow et al., 1999). This
parameter was determined by dividing plant height by water depth and multiplying by percent
cover (Canfield et al. 1984, Schriver et al., 1995).

Averages for each parameter were calculated for each transect, and transects within reaches
were averaged to produce one observation per reach per survey.

Zero values were included when averaging the percent coverage since coverage is an area-
based measure. However, it is not accurate to include zero values when averaging height. Therefore,
when determining average plant height values along a transect, non-vegetated samples were not
included.

Effects of spatial and temporal variation on percent coverage, plant height and PVI were
evaluated using a mixed effect analysis of variance model. Factors were season (spring, summer, fall)
area (Lower Caloosahatchee, San Carlos Bay and Pine Island Sound) and reaches (2 reaches/area).
Season and area were considered fixed. Reach was considered to be a random factor. Significant main
effects and interactions were evaluated with contrast statements (p<<0.05). Prior to analyses, the
dependent variable was ranked because the data and residuals violated the normality assumption.
The dependent variable was ranked from smallest to largest. Average ranks were assigned in case of
ties. After ranking the data, parametric ANOVA was performed on the data. This is analogous to a
Friedman type of analysis (Conover and Iman, 1981; Conover and Iman, 1976).

Rainfall—Effects of rainfall variation on seagrass within the study area were investigated by
dividing annual (January-December) total rainfall, into three categories (average, dry and wet).
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TABLE 2. Annual rainfall categories (average, dry, wet) in inches per year, associated with
survey number. S represents survey.

Inches of Rain Year Surveys
Dry =499 2007 $30, S31, S32
1996 S1, S2, S3
2000 S10, S11, S12
2006 $27, S28, S29
Average > 499 and = 57.5 2009 S36
2002 S16, S17, S18
2004 S22
2003 S19, S20, S21
2001 S13, S14, S15
Wet >57.5 1998 S6
1999 S7, S8, S9
2008 $33, S34, S35
2005 S24, S25, S26

Categories were developed by ranking the average annual rainfall (area-weighted Nexrad data from
the South Florida Water Management District’s database DBHYDRO) over the period of record,
and then assigning the years in the top third wet, the years in the middle third average and the years
in the lower third dry (TaBLE 2). Rainfall areas used in calculations were Tidal North, Tidal South,
Caloosahatchee Estuary, Telegraph Swamp and East and West Caloosahatchee Basins.

Each survey was assigned to a particular rainfall category. A mixed-effect analysis of variance
model was used to analyze ranked data. Fixed factors were season, area, and annual rainfall
categories. Significant main effects and interactions were evaluated with contrast statements
(p<0.05).

Long-term, monotonic trends in percent coverage, plant height and PVI in each of the three
regions were evaluated using the Seasonal Kendall Tau statistic (p<<0.05) (Helsel et al., 2006). Data
from the two reaches within each region were averaged before testing.

REesurLts—While there is considerable year to year variation, Seasonal
Kendall Tau results suggest that seagrass coverage has been relatively stable
over the 13 year period of observation, particularly in the Lower Caloosa-
hatchee and San Carlos Bay. A slight declining trend may exist within the Pine
Island Sound sites, but only for percent volume infestation (FiG. 2).

Analysis of variance showed a significant difference (p<<0.05) in percent
cover, plant height and PVI between the three areas (FiG. 3) and three seasons
(F1G. 4) (p =<<0.0001 for all). In general, percent cover, plant height, and PVI
were greatest in Pine Island Sound, lowest in the Lower Caloosahatchee, with
San Carlos Bay being intermediate. Percent cover, PVI and plant height tended
to be greatest in summer and lowest in spring. The interaction between area
and season was also significant (p<<0.05) for all three of the above parameters
(p=0.0061, p=0.0071, p=0.0041 respectively) (TABLE 3a).

The interaction between season and area was analyzed further with
contrast statements. While the general patterns seen for the main effect of area
held true for percent cover, plant height and PVI, in all seasons, differences
were not always statistically significant. For example, while the PVI in Pine
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Fic. 2. Time series plot showing changes in Percent Volume Infestation over the 13 year
study in Pine Island Sound (PIS).
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FiG. 3. Mean percent seagrass cover, mean percent volume infestation (PVI) and mean plant
height by area (Lower Caloosahatchee River (LCR), San Carlos Bay (SCB), and Pine Island Sound
(PIS) for the 13 year period of record. Statistical analysis of seagrass cover, PVI and plant height by
area was run on ranked data. *Designates significance at p<<0.05.
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Fic. 4. Mean seagrass cover, mean percent volume infestation (PVI) and mean plant height
by season (spring, summer, and fall) for the 13 year period of record. Statistical analysis of seagrass
cover, PVI and plant height by season was run on ranked data. *Designates significance at p<<0.05.

Island Sound during summer was greater than PVI in San Carlos Bay during
summer, the difference was not statistically significant.

The second mixed ANOVA included an additional factor: annual rainfall
category (wet, dry or average). Annual rainfall category was statistically
significant for only percent volume infestations (TABLE 3b), although all three
parameters were greatest in dry years and lowest in average years (FiG. 5).
Percent cover, plant height and PVI all displayed the same trends between
areas (Pine Island>San Carlos Bay>Lower Caloosahatchee, though the
interaction of area X rainfall was not statistically significant (TABLE 3b).

Contrary to our spatial analysis, rainfall does seem to affect temporal
differences. Contrast statements were used to analyze the interaction between
season and annual rainfall category averaged over the 13 year period of record.
Results showed that during wet and average rainfall category years, plant
coverage, PVI and plant height during summer were significantly higher than
in either spring or fall, which were similar (TABLE 3b). In dry years, plant
coverage, PVI and plant heights in summer and fall were similar and greater
than spring.

Discussion—The hydroacoustic technique for monitoring seagrass was
used in this study to assess spatial and temporal patterns in seagrass coverage,
plant height and percent volume infestation (PVI) in lower Charlotte Harbor.
There are many advantages for using the hydroacoustic technique for
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TaBLE 3a. Percent seagrass cover, percent volume infestation (PVI) and plant height for area
(Lower Caloosahatchee River (LCR), San Carlos Bay (SCB), Pine Island Sound (PIS), season
(spring, summer, fall) and the interaction of area X season. Associated p-values for each effect and
parameter are included. Statistical analysis of seagrass cover, PVI and plant height by season and
area was run on ranked data. *Designates significance at p<<0.05.

p<0.05 p<0.05  p<0.05

% Cover Height

% Cover PVI Height (N) PVI (N) (N)
Area <0.0001* <0.0001* <0.0001* LCR 5.0 (64) 12.0(64) 1.0 (64)
SCB 28.2 (63) 14.4 (63) 6.4 (63)
PIS 47.0 (63) 20.2 (63) 11.0 (63)
Season  <0.0001* <0.0001* <0.0001* Spring 16.7 (60) 2.8 (60) 13.5 (60)
Summer 36.7 (65) 8.8 (65) 17.7 (65)
Fall 258 (65) 6.4 (65) 15.5(65)
Area x 0.0061*  0.0071*  0.0041* LCR Spring 0.5(20) 0.1 (20) 12.3 (20)
Season LCR Summer 10.0 22) 1.9 (22) 12.7 (22)
LCR Fall 43((22) 0922 12.1(22)

SCB  Spring 109 (20) 1.9 (20) 12.4 (20)
SCB  Summer 46.1 (22) 10.7 (22) 16.4 (22)
SCB  Fall 259 21) 63 (21) 143 (21)
PIS Spring  38.5(20) 6.3 (20) 15.8 (20)
PIS Summer 54.7 (21) 14.0 21) 24.5 (21)
PIS Fall 472(22) 12.0 (22) 202 (22)

monitoring seagrass. The method is cost effective. Whereas the system used in
this study cost a one-time fee of approximately 25,000 dollars (compared to
50,000 dollars per sampling event for aerial photography), a junior system now
exists for 3,000 dollars (Sabol 2012). During a typical two day monitoring
event 2 people can collect upwards of 7,000 data points (several orders of
magnitude greater then by typical manual monitoring). The system can be used
in dark water which allows mapping of areas like that of the Caloosahatchee
River, where aerial photography is normally ineffective. Also the system can be
used in adverse weather conditions or in areas where putting divers in the water
may be dangerous. Sampling is not limited by time of day.

The two main disadvantages of the system are canopy heights <7
centimeters cannot be detected and the system cannot distinguish between
seagrass species. As with aerial photography, changes in coverage can be
quantified but changes in species composition cannot. The finding that
seagrass coverage in the three sampling regions has been relatively stable over
the 13 year period, must not be interpreted to mean that species composition
has remained constant as well. For example, after the 2004 hurricane season,
degraded water quality eliminated a Syringodium filiforme bed in the Indian
River Lagoon. Although percent coverage estimates returned to pre-hurricane
conditions relatively quickly the bed endured years of successional changes (Halophila
decipens, Halophila johnsonii, Halodule wrightii) before returning to the a Syringodium
climax community (B. Orlando personal observation, Buzzelli et al., 2012).

The sampling frequency employed (3 times per year) and the fact that we
did not conduct regular, coincident water quality monitoring imposed
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TaBLE 3b. Percent seagrass cover, percent volume infestation (PVI) and plant height for
rainfall category (average, dry, wet) and the interactions of rainfall category X area and rainfall
category X season. Associated p-values for each effect and parameter are included. Statistical
analysis of seagrass cover, PVI and plant height by rainfall category was run on ranked dat.
*Designates significance at p<<0.05.

p<0.05 p<0.05 p<0.05

% Cover Height
% Cover PVI Height (N) PVI (N) (N)
Rainfall 0.1943 0.1104 0.0016* Average 23.8 (65) 5.1(65) 14.7 (65)
Dry 294 (72) 6.9 (72) 16.4 (72)
Wet 26.4 (53) 6.2 (53) 15.8 (53)
Area x 0.2303 0.5701  0.1959 LCR Average 5.1(22) 09(22) 11.5(22)
Rainfall LCR Dry 43(24) 09(24) 13.3(29)
LCR Wet 6.1 (18) 1.2(18) 12.1 (18)
SCB Average 26.8 (22) 5.8 (22) 13.9(22)
SCB Dry 293 (24) 6.8 (24) 150 (24
SCB Wet 28.5(17) 6.7(17) 14.3 (17)
PIS Average 40.4 (21) 8.7 (21) 18.8 (21)
PIS Dry 544 (24) 129 (24) 20.9 (24)
PIS Wet 44.6 (18) 10.5(18) 20.9 (18)
Season x  <0.0001* <0.0001* 0.0010%¥ Spring  Average 16.3(24) 2.7 (24) 129 (24)
Rainfall Spring  Dry 13.6 (24) 2.1 (24) 134 (24)
Spring ~ Wet 23.5(12) 4.1 (12) 149 (12)
Summer Average 37.9 (23) 8.6 (23) 17.3(23)
Summer Dry 357(24) 89(24) 18.3(24)
Summer Wet 36.3 (18) 8.9 (18) 17.5(18)
Fall Average 159 (18) 3.6 (18) 13.6(18)
Fall Dry 38.7(24) 9.7(24) 17.5(24)
Fall Wet 20.2 (23) 5.1 (23) 15.0(23)

additional constraints, limiting our study to an assessment of seasonal, inter-
annual and spatial variation. In addition the suite of possible explanatory
variables was also limited. While both high and low freshwater inflows from
the Caloosahatchee River are of particular concern (Doering et al., 2002;
Chamberlain and Doering 1998a; Chamberlain and Doering 1998b), we chose
to relate variation in seagrass parameters to variation in annual rainfall
patterns. Associating responses of seagrass to specific periods of high and low
freshwater inflow (and hence salinity) in the Caloosahatchee-San Carlos —Pine
Island region and in other systems as well, is often based on more frequent
sampling and interpretation of results is enhanced by coincident water quality
data (e.g. Buzzelli et al., 2012; Ridler et al.,, 2006; Doering et al., 2002).
Additionally, freshwater inflows to our study area are measured only at the
Franklin Lock and Dam (S-79). Flows from the tidal basin downstream of S-79
are ungauged. Estimates suggest that 25-30% of the total surface water inflow
to the estuary upstream of Shell Point may come from the Tidal Basin
(SFWMD, 2012). Additionally, recent studies suggest that groundwater
inflows to the Calooshatchee estuary may be significant ranging between 1.3
X 10 m?® day ™! (530 cfs) and 3.3 X 10° m® day ™' (1300 cfs) seasonally (Loh
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Fi1G. 5. Mean percent seagrass cover, mean percent volume infestation (PVI) and mean plant
height by rainfall category (average, dry, wet) for the 13 year period of record. Statistical analysis of
seagrass cover, PVI and plant height by rainfall category was run on ranked data. *Designates
significance at p<<0.05.

et al., 2011). Given the uncertainties in quantifying freshwater inflows to our
study area, we used annual rainfall as a surrogate.

Both spatial and temporal patterns in seagrass response variables were
detected. Seagrass coverage, canopy height and PVI all increased from the
Caloosahatchee estuary to Pine Island Sound reflecting a gradient of exposure to
freshwater. This pattern was evidenced in all three seasons and may be due to a
combination of lower and more variable salinity and higher color nearer the
Caloosahatchee estuary (Doering and Chamberlain 1998; Doering and Cham-
berlain 1999). The freshwater Caloosahatchee River has high concentrations of
color and these decrease with distance from S-79 (Doering and Chamberlain
1998). Further color is major attenuator of light in the Caloosahatchee Estuary,
(Doering et al., 2006), San Carlos Bay and Pine Island Sound (Ott et al., 2006).
Lower light availability may also have contributed to the spatial patterns in
seagrass variables that we observed. Various studies have described the influence
of varying salinity and freshwater discharge on the distribution, abundance and
species composition of seagrasses (Lirman et al., 2008, Irlandi 2006, Greenawalt-
Boswell 2006, Bjork et al., 2008, Doering and Chamberlain 2000).

As expected, the analysis of percent seagrass cover, plant height and PVI
all displayed the classic pattern with respect to season with abundances being
greatest during the summer growing season. However, the results obtained from
our analysis indicated that differences between seasons varied with annual rainfall.
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During dry years, all three parameters measured had the greatest abundance
during summer and fall which were similar. This outcome suggests that during dry
years reduced rainfall results in higher salinities and clearer water: an environment
more suitable for survival and growth of the seagrass found in these areas. By
contrast, during average and wet years, abundance during fall was much reduced
and similar to spring. Greater rainfall and the associated lower salinity and
perhaps higher light attenuation may account for this pattern.

Inter-annual variation in rainfall and resultant runoff have been shown to
impact seagrasses (eg. Ridler et al., 2006; Carlson et al., 2003; Carlson et al.,
2010). For example, Charlotte Harbor, Tampa Bay, and Sarasota Bay showed
significant declines in seagrass after major rainfall and runoff associated with
the 1997-1998 El Nino event (Carlson et al., 2003, Carlson et al., 2010).

The 13 year hydroacoustic study described above was initiated in 1996 as a
relatively quick and cost effective method to assess spatial and temporal variation in
the abundance and distribution of seagrass within the CRE system. Given the
sampling frequency employed in this study, the technique has been shown to detect
spatial variation on the scale of kilometers, and temporal variation at seasonal and
inter-annual scales. As employed here, the technique was also useful in detecting the
influence of annual rainfall on seasonal variation in seagrass coverage, canopy
height and PVI. Hydroacoustic monitoring at more frequent intervals over the
spatial scales sampled here could provide valuable information on seagrass
responses to different size storm events at the ecosystem level.
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ABSTRACT: The macroinvertebrate communities of four tidal creeks along the eastern shore of
Charlotte Harbor were sampled bimonthly from May 2008 to June 2010. The objective of the sampling
effort was to survey the benthic macroinvertebrate taxa and assess water quality characteristics and habitat
conditions which may influence macroinvertebrate community structure. A total of 156 different taxa were
found in these creeks, several of which were very common throughout the study area. Macroinvertebrate
communities differed among tidal creeks and corresponded, in part, to benthic habitat type and diversity
and to a lesser extent average salinity and other environmental conditions. These results emphasize the
importance of both physical habitat and variability in environmental conditions such as long term salinity
regimes and occurrences of large inflow events in supporting a diverse macroinvertebrate community.

Key Words: Charlotte Harbor, tidal creeks, macroinvertebrates

CHARLOTTE Harbor is a diverse and productive estuary that supports a wide
range of biologically, recreationally, and commercially important species of
finfish, shellfish, mammals and birds. The estuary shoreline is dominated by
mangrove forest with numerous tidal inlets and creeks throughout. Tidal creeks
are small tributaries that provide a link between upland watersheds and freshwater
streams and the open estuary. They often exhibit unique hydrogeographic and
water quality characteristics that differ from freshwater systems and from the open
estuary downstream (TBTTRT, 2008). Tidal creeks are known to provide essential
refuge and nursery habitat for juvenile organisms (Shenker and Dean, 1979;
Holland et al., 2004; Dixon and Adams, 2010). Benthic macroinvertebrates play
an important role in tidal creek biological communities—functioning as nutrient
cyclers as well as providing an important food source for higher trophic level
organisms (Odum and Heald, 1973; Adams et al., 2009).

The ecologic importance of tidal creeks has been of increasing interest over
the past several years. A number of research efforts along the Gulf Coast of
Florida have characterized fisheries populations within tidal creeks (e.g.,
Greenwood et al., 2008; Dixon and Adams, 2010). Estevez et al. (2010)
researched a method for assessing tidal creek biological condition, and the
Tampa Bay Tidal Tributary Research Team (2008) established the importance
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of tidal tributaries as estuarine habitat in Tampa Bay. An inventory of
invertebrates from a number of open estuary and marsh habitats in the greater
Charlotte Harbor estuary was conducted by Mote Marine Laboratory (2007),
and macroinvertebrate studies were conducted in Charlotte Harbor habitats
including the Peace and Myakka Rivers by Estevez (1986).

Although our understanding of tidal creek ecology is expanding,
information on the macroinvertebrate communities inhabiting tidal creeks
in Southwest Florida is limited. This study describes and compares the
macroinvertebrate communities of four tidal creeks of differing hydrologic and
watershed characteristics within a relatively small geographic area of the
Charlotte Harbor estuary. The efficacy of using macroinvertebrates as
indicators of environmental conditions has been widely documented in both
freshwater and marine systems (Barbour et al., 1996; Wildsmith et al., 2011).
The structure of macrobenthic communities is often reflective of factors such as
dissolved oxygen concentrations, pollution levels, benthic habitats, freshwater
inflow and hydrologic characteristics (Diaz and Rosenberg, 1995; Platell and
Potter, 1996; Calabretta and Oviatt, 2008; Kanaya et al., 2011). Therefore,
differences in macroinvertebrate assemblages among seasons and creeks may
help to identify the main drivers of creek dynamics.

MEeTHODS—Study area—The study was conducted along the eastern shoreline of Charlotte
Harbor, a shallow, sub-tropical estuary located in southwest Florida (FiG. 1). Charlotte Harbor’s
eastern shoreline spans approximately 12 kilometers from Punta Gorda south to Matlacha Pass and
includes portions of Lee and Charlotte counties. Nearly all of the shoreline is fringed with mangroves
and supports numerous networks of tidal creeks and tributaries. Although much of the estuary’s
eastern shoreline remains undeveloped within the Charlotte Harbor Preserve State Park, a considerable
portion of the drainage area along the corridor has been drastically altered. Extensive networks of
mosquito ditches and impoundments alter sheet flow and connect tidal reaches to oligohaline ponds not
historically connected directly to tidal waters. Changes in land uses and increased impervious surfaces
have also altered the timing, quantity and quality of freshwater inflow to these tidal creeks.

Four creeks along the eastern shoreline of Charlotte Harbor were selected for this study
(F1G. 1). North Silcox Creek and South Silcox Creek are the two northernmost creeks. They are
buffered by mangrove forest within the Charlotte Harbor Preserve State Park, although their
headwaters extend upstream of the park’s boundaries. Despite protection within the State Park and
lack of intensive development within the watershed of these creeks, hydrology has been altered
from natural condition by roads and ditches in the headwaters as well as by ditches and associated
spoil berms constructed for mosquito control. Yucca Pen and Durden (also known as Culvert)
Creeks, located in the southern portion of the study area, are within watersheds with a higher
degree of hydrologic alteration and upland development than the northern creeks. The wetland
buffer adjacent to each of the southern creeks is much narrower than in the northern creeks and
includes needle rush (Juncus sp.) in addition to the predominant mangrove fringe. The in-stream
and riparian habitats of all four creeks are intact, with the exception of Durden Creek, which has
been truncated and whose upstream reaches now consist of a residential canal system that is
connected to the creek at a single point through a fixed weir structure. The hydrologic connection
exists only during high water events, when large freshwater flows discharge to the creek.

Site Selection—To thoroughly describe the benthic fauna in each creek, and to compare the
creeks to one another, efforts were focused on collecting as many different taxa as possible from as
many different habitat types as were available at a selected site in each creek. The location of each
sample site was selected within the upper navigable reaches of each creek where conditions have the
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Fic. 1. Charlotte Harbor study area.

greatest potential to be influenced by both tidal exchange with the Harbor and freshwater inflow from
the contributing watershed upstream. Within this transitional area, a single sample site was selected in
each creek at a location with the greatest number of sampleable benthic habitats (e.g., mud/sand,
mangrove roots and dead wood). The North Silcox site was located at the furthest upstream reach
before the creek narrows and becomes unnavigable, about 1000 meters from the mouth. The South
Silcox site was located furthest downstream, approximately 500 meters from its mouth, and as a result
experiences greater currents and tidal exchange with the Harbor than other sites. The Yucca Pen
Creek site was the furthest upstream, nearly 1500 meters from the creek’s mouth. The larger drainage
area and lower salinity observed by previous studies suggest conditions in Yucca Pen Creek are more
influenced by freshwater inflow compared to the other creeks within the study area (Adams et al.,
2009; Dixon and Adams, 2010). The Durden Creek site was located approximately 1000 meters from
the creek’s mouth and about 750 meters downstream of the water control structure. Hydrologic
conditions downstream of the weir are predominately marine except during high rainfall events when
freshwater inflow over the weir structure results in sudden and large fluctuations in salinity and other
abiotic conditions (Adams et al., 2009; Dixon and Adams, 2010).

All four creeks had sampleable habitats of mud/sand, mangrove roots and dead wood during
the majority of sampling events. Other important habitats included oyster bars in South Silcox
Creek, a substantial amount of sunken logs (dead wood) in Durden Creek, filamentous algae in
North Silcox Creek and sparse Ruppia sp. in South Silcox and Yucca Pen Creeks. The most
common benthic habitats encountered at each of the sampling sites are listed in TABLE 1.

Biological sample collection and processing—Sampling methods were adapted from the
Bioreconnaissance (FDEP SOP LT-7100), a rapid bioassessment methodology (FDEP, 2008). Each
site was sampled 11 times approximately bimonthly between May 2008 and June 2010. Each
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TaBLE 1. Sample size, mean number of taxa, and total number of taxa by creek.

Total # of Habitats Mean # Total #

Avg Max Dominant Habitats Sampled! N Taxa Taxa
N. Silcox Creek 5 7 mud, sand, dead wood, 11 16 47
mangrove roots, leaves
S. Silcox Creek 7 8 sand, dead wood, mangrove 11 33 96
roots, oysters, SAV
Yucca Pen Creek 5 7 sand, mangrove roots, leaves 11 18 59
Durden Creek 5 6 mud, sand, dead wood, 11 22 80

mangrove roots, leaves

! Habitats sampled at least 8 times throughout the study period

sampling event consisted of the collection, including sorting and counting, of individuals in the field
for a total of two man hours per site, which was sufficient to sample all the habitat types present.
During each sampling event benthic macroinvertebrates were collected from all available subtidal
and intertidal habitat types along a 50 m stretch of the creek (TABLE 1). Sediments and leaf mats
were sampled with 500 micron mesh D-frame dipnets. The upper layer (2-4 cm) of sediments and
leaf mats were scooped into the net and then rinsed in the net to remove as much fine sediment as
possible. The rinsed material was placed in white plastic trays where the samplers collected
individuals by removing the organisms from the tray with fine forceps, sorting them into taxonomic
categories, counting, and placing them in preservative for later positive identification to the lowest
possible taxon. Hard substrates such as wood, mangrove roots and shell clumps were placed in the
nets and rinsed vigorously to dislodge any organisms. The resulting material was also placed in a
white plastic tray where organisms were removed and placed in preservative. Portions of the hard
substrates themselves were also put into the plastic trays and broken apart, and firmly attached
sessile organisms and burrowing organisms were removed and preserved.

As organisms were removed from the debris and collected, individuals from all habitat types
were combined into a single set of sample containers for each site. The samplers identified and
enumerated large taxa such as oysters, crabs and gastropods in the field. Smaller organisms were
collected until a minimum of 15 individuals of each recognizable taxon was reached, and
abundance categories were recorded in the field for taxa numbering between 15-49 (Abundant) as
well as taxa that numbered over 50 (Dominant). Individuals of less abundant taxa (less than 15
individuals) were enumerated in the laboratory and assigned an abundance category of either
Common (5-14) or Rare (1-4). Positive identifications to the lowest possible taxon were made of all
taxa, including those tentatively identified and counted in the field.

Water chemistry data—Physical water quality conditions were measured during each sampling
event and at each site using a YSI 600XLM sonde and 650MDS. Water quality parameters
included specific conductance (later converted to salinity), dissolved oxygen, temperature, and pH.
The type of benthic habitats sampled were recorded as well as tide height, direction of water flow
and weather conditions.

Analyses—Statistical analyses were conducted to 1) compare differences in water quality
conditions among creeks and seasons 2) compare differences in the number of taxa among creeks
and seasons and 3) investigate patterns in the macroinvertebrate community structure among
creeks, seasons, and in relation to environmental conditions. Differences in water quality and taxa
were shown visually using box and whisker plots and were examined statistically via one-way
ANOVA with Tukey’s pairwise post hoc comparisons for all parameters except salinity, which used
a Holm-Sidak post hoc comparison. Multivariate analyses were performed using PRIMER 6%
(Plymouth Routines In Multivariate Ecological Research) software. Relative abundance data were
square-root transformed prior to analysis to lessen the influence of the most common species
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(Clarke and Warwick, 2001). Multidimensional scaling (MDS) and hierarchical cluster analysis
were conducted based on Bray-Curtis similarity matrices. MDS plots were considered useful for
interpretation if associated stress values were <0.2.

REesuLts—Water chemistry—Creek salinities corresponded with seasonal
patterns of rainfall as well as specific rainfall events. Mean salinity was highest
at Durden Creek, followed by North Silcox and South Silcox Creek sites.
Yucca Pen Creek’s mean salinity (10.93%0) was significantly lower (p=0.05)
than those of North Silcox, South Silcox and Durden Creeks. Yucca Pen also
experienced more frequent fluctuations in salinity than all other creeks (FiG. 2).
Durden Creek exhibited relatively stable and high salinity, with the exception
of one occurrence of very low salinity following a large rainfall event in March,
2010, during the dry season. Freshwater inflow to Durden Creek is mediated
by a water control structure which discharges from an urbanized canal system
upstream during high water events.

Temperature exhibited typical seasonal patterns and was not statistically
different among sites (F1G. 2). Similarly, dissolved oxygen (DO) did not vary
significantly among sites, although it was generally slightly higher at the South
Silcox site. Low DO conditions were often observed at all sites and the median
DO for each creek was below the state criterion for marine waters of 4.0 mg/L
(FDEP, 2010). Hypoxic conditions (DO <2.0mg/L) were most often observed
at the North Silcox Creek site.

Macroinvertebrate taxa—A total of 156 taxa were collected during the study
(TaBLE 2). The most abundant taxa were amphipods (Grandidierella bonnieroides
and Apocorophium louisianum), followed by an insect (Rheumatobates sp.),
mollusk (Crassostrea virginica), and polychaete worm (Stenoninereis martini).
Other very common taxa included Almyracuma bacescui (cumacean), Balanus
eburneus (barnacle), Geukensia demissa granosissima (mussel), Hargeria rapax
(tanaid), Melita longisetosa (amphipod), Laeonereis culveri, and Leitoscoloplos
robustus (polychaetes). Of the total 156 taxa identified, 14 taxa were found in at
least 50% of the samples, while 66 were collected only once. Species richness
varied significantly among creeks (p<<0.05) and showed little variation among
sampling events at a given site (FiG. 3). Species richness was highest at South
Silcox Creek where a total of 96 taxa were collected (p<<0.05). Species richness
was also high at Durden Creek where a total of 80 species were collected. North
Silcox Creek exhibited the lowest species richness with only 47 taxa observed
throughout the study (TABLE 1).

Ubiquitous taxa—UDbiquitous taxa are defined as taxa present in the
majority of the samples collected at all four sites. The two most abundant taxa
(the amphipods Grandidierella bonnieroides and Apocorophium louisianum)
were present in at least nine of the eleven sampling events at all four sites and
are considered ubiquitous to the entire study area. Because of the variable
nature of estuarine environments, many estuarine species have the ability to
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outside the whiskers.
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tolerate a wide range of environmental conditions, and may possess the ability
to rapidly disburse and recolonize. The presence of these ubiquitous taxa does
not necessarily indicate specific environmental conditions where they are
present, but rather their absence may be an indicator of extreme or unusually
stressful conditions.

Characteristic taxa—Characteristic taxa are defined as taxa that were
abundant at one or two particular sites and were rare or not present at the
remaining sites. Characteristic taxa were further defined as those which were
either 1) four times more abundant at one site than at any other site or 2)
present in over half of all samples at a particular site while being observed in
less than one quarter of all samples at the remaining sites. Characteristic taxa
for each site are summarized below.

North Silcox: Three taxa were characteristic of the North Silcox site,
Americorophium ellisi, Chironomus decorus grp. and Laeonereis culveri. These
taxa are deposit feeders which are typically tolerant of low oxygen and low
salinity. Slow tidal currents and low dissolved oxygen observed at North Silcox
correspond with the presence of these taxa and absence of more common filter
feeders which may not tolerate lower oxygen conditions.

South Silcox: South Silcox had the highest number of characteristic taxa,
which included Crassostrea virginica, Geukensia granosissima, Crepidula sp.,
Taphromysis bowmani, Melita longisetosa, Hourstonius laguna, Erichsonella
attenuata, Eurypanopeus depressus, and Ficopomatus miamiensis. Conditions in
South Silcox Creek are supportive of C. virginica (eastern oyster) in high
enough abundances to form oyster bars, in turn providing hard substrate for
the filter feeders G. granosissima, Crepidula sp., and F. miamiensis. These oyster
bars also provide favorable structural habitat for the mud crab E. depressus
and the amphipods H. laguna and M. longisetosa. The presence of E. attenuata,
an epiphyte grazer common in seagrass habitats, may be attributed to the
presence of Ruppia maritima at the site. In addition to structural habitat, less
variable salinity conditions may have also contributed to the higher number of
characteristic taxa at this site.

Yucca Pen Creek: Taxa considered characteristic of Yucca Pen Creek were
Palaemonetes pugio, Cassidinidea ovalis, Laeonereis culveri, Chironomus decorus
grp, and Sphaeromopsis sanctaluciae. The grass shrimp P. pugio are found at a wide
range of salinities and can tolerate short periods of very low salinity conditions.
Similarly, the isopods C. ovalis and S. sanctaluciae, the polychaete L. culveri, and
the midge C. decorus grp. are very tolerant of fresh water conditions. The higher
presence of euryhaline as well as freshwater tolerant species corresponds to lower
and more variable salinity measured at the Yucca Pen Creek site.

Durden Creek: Only four taxa were identified as characteristic of Durden
Creek—Ficopomatus miamiensis, Melita longisetosa, Eurypanopeus depressus,
and Crassostrea virginica. These species were also characteristic of the South
Silcox site which exhibited similar salinity regimes and benthic habitat types.
The presence of F. miamiensis, M. longisetosa and E. depressus are likely due to
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TaBLE 2. List of taxa.
GROUP SUBGROUP Taxon Creck' GROUP SUBGROUP Taxon  Creek'
PORIFORA (sponges) CRUSTACEA (crustaceans)
Porifera S AMPHIPODA (amphipods)
CNIDARIA Americorophium ellisi SNYD
