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Abstract

Portions of Cape Sable, a large coastal wetland complex in Everglades National Park, have undergone rapid changes in response to dramatic historical sea level rise, major historical hurricanes, and initially minor anthropogenic channel incisions across the wetlands and coastal berms.  In addition, rising sea level is progressively inundating a seaward-side low marl ridge that has separated the interior freshwater marsh from marine waters, causing rapid widening of both natural tidal creeks and constructed canals.  On the broad wetland of the northwestern side, rising sea level has shifted the mangrove/ freshwater marsh ecotone significantly inward.  The Cape Sable complex is one of the first of south Florida’s coastal wetland environments in which critical habitats are imminently threatened.

To provide a proper understanding of the nature and rates of future changes that will occur in these critical marine to freshwater habitats, this project will document the nature, rates and causes for historical change to the coastal, channel/canal and wetland systems of Cape Sable.  To achieve this goal, this project will integrate analysis of historical aerial photographic analysis, paleoenvironmental and radiometric analysis of soft-sediment core borings, monitoring of erosion/accretion processes in channels, wetlands and subaqueous environments, and an understanding of natural and anthropogenic stressors.

As Everglades Park managers are currently attempting to make decisions for critical habitats on Cape Sable that will have long-term implications for both financial commitments and wetland management in a time of climate and sea level change, an enhanced understanding of the Cape Sable system is both necessary and timely.    

Overview

Critical habitats and keystone wetland communities of the Cape Sable coastal system of southwest Florida are undergoing rapid evolution in response to a rapid relative rise in sea level (rising at a rate of 30 cm per century since 1930), enlargement of initially small artificial canals, and two category 4-5 hurricanes over the past 70 years.  Especially critical is the incursion of saline waters across a bounding marl ridge into the interior freshwater wetlands through the filled and unfilled artificial canals and through natural low areas in the ridge. Because of rising sea level, these low areas are now susceptible to saline flow across the ridge at several points.    

Through these influences, the historical open grassy freshwater marl prairie – the original prime habitat for the Cape Sable seaside sparrow – is converting both to areas of more open water, and areas with patches of higher woody vegetation.  Understanding the processes controlling the historical changes and projecting the rate at which future changes can be expected is critical to determining management decisions currently under discussion on this valuable but highly stressed area.   

Over the past century, Cape Sable was subjected to three category 4-5 hurricanes, a 22 cm rise in sea level and some critical human modifications.  As a result, all portions of Cape Sable are undergoing dramatic alterations in its coastline, mangrove wetlands, tidal channel complexes and interior wetland and upland environments. Preliminary evaluation of a series of aerial photographs (1927-1999) of the coastal and wetland environments shows that dramatic changes are occurring in response to prevailing, winter storm, and hurricane influences.  The rapid rise of sea level since 1930 and the dredging of several canals have initiated destabilization and evolution along portions of the coastline and in the coastal wetlands. Based on an evaluation of available aerial photographs since 1927 and research in the area since 1980, the following changes are observed. 

Middle Cape Canal and shoreline

Middle Cape Canal, constructed in 1922 (Davis, 1972), is a narrow slit in the earliest aerial photographs (1928) and remained unchanged between the 1928 and January 1935 aerial photographs. The Great Labor Day Hurricane of 1935 initiated the dramatic changes in Lake Ingraham and Middle Cape Canal.  The next aerial photograph in 1953 shows the canal has evolved into a significant inlet, the beach significantly eroded, and the wetland behind the beach ridge decimated. Since opening to the Gulf in 1935 the inlet has widened at a linear 1.2 meter per year.  In the 1999 aerial photograph the inlet is 94 meters in width (see photograph III in appendix I).  

The beach has eroded over 310 meters in the vicinity of the Middle Cape Canal inlet, significantly more on the south side than the north.  This is an erosion rate of 4.6 m per year.  Shore erosion steps occur in response to hurricanes and are responsible for a portion of the erosion.  The intensity of erosion decreases north and south and is small near the capes.  Sand loss to flood and ebb tidal deltas is the cause of this high rate of erosion.

The shoreline, for over 1 km south of Middle Cape Canal, has lost its sand as sand is moved south but is not replenished southward across the inlet.  This shoreline has lost its beach-sand-veneer protection and the mangrove wetland shoreline is exposed to all wave and tidal action.  This loss of beach sand has weakened the shore protection south of Middle Cape Canal, resulting in increased erosion rates. Without the beach sand, the wetland shore is constantly subjected to wave attack and erosion.  In 1999, this sandless stretch of wetland shore is less than 185 m in width.  It will likely be breached by the next major hurricane or within 20-30 years by normal processes.

East Cape Canal and surrounding area

East Cape Canal was constructed in 1922 at less than 6.6 meter in width and with a spoil berm on the eastern side (see photograph IV in appendix I).  As there was no sand beach on the shore, East Cape Canal initiated tidal flow and lateral erosion immediately.  It has widened at a linear rate of 0.66 meter (1 feet) per year since and was 66 m in width in 1999. 

The mangrove shoreline has retreated since 1928, but it appears to have been as a major step of erosion from the Hurricane of 1935.  The 1953 vegetation line is set back about 60 meters with a white intertidal marl zone to seaward.  This has progressively been lost and the vegetation shoreline has held since.  Coastal erosion is not higher at the canal entrance.  The inlet is not accentuating shore erosion.

Eroded mud and peat (and mud flushed in from Florida Bay) have formed a large delta within southern Lake Ingraham.  Mud has also filled many of the smaller lakes adjacent to the access canal on the west side.  As the lakes have filled, well-defined tidal channels formed and have become conduits for introducing mud further into the lake system.  Portions of these filled lakes are now becoming covered by mangrove wetland vegetation (see photograph V in appendix I).
Prior to canal construction, water entered from Florida Bay only as high tide sheet flow through the mangrove wetland.  Between 1922 and 1935, the East Cape Canal and its connection to Lake Ingraham provided a widening channel connection.  Following the shore erosion from the Hurricane of 1935, a natural creek, Hidden Creek, was exposed at the southern shore and became a second channel access from Florida Bay into Lake Ingraham.  Since opened, Hidden Creek has been widening at the same rate as the Canal.  Hidden Creek also provides mud that is filling interior lakes and creating an extending channeled system into Lake Ingraham.

On the east side of East Cape Canal, a side channel (called ‘East Side Creek’), has formed which connects through a low area in the inland marl ridge and a series of small lakes to the open water of the Cape Sable interior.  East Side Creek is beginning to widen and can be expected to widen significantly and become a more defined channel connecting to the interior waters of Cape Sable.

A coring transect through the unconsolidated Holocene sediments at East Clubhouse Beach shows that the sediment sequence in the area is entirely marl and organic peat, in some areas with a surface veneer of shell near the coast.  Erosion of the sequence by East Cape Canal, Hidden Creek, and the newer East Side Creek will produce only mud.

Understanding the relative contributions of processes causing the historical and present changes that we observe at Cape Sable is important. A more detailed and accurate aerial photographic analysis needs to be done, focusing on the specific study areas. Because of the rapid changes Cape Sable is going through, it can serve as an excellent analogue for other tidal channel transition zones along the southwest coast of Florida, that are in the course of changing as well, though on another time or maybe spatial scale. 

Statement of issue

Cape Sable area is likely the first of many for which fundamental decisions will need to be made in response to changes in the coastal landscape of a system destabilized by accentuated historical sea-level rise and anticipated further acceleration. As can be observed in the sequential aerial photographs, certain small natural or human-initiated modifications to the system initiate a dramatic sequence of subsequent changes that result in a very different suite of coastal and wetland environments, significant changes in the connectivity of environmental units, and changes in the connectivity of interior wetlands with the marine environment.  

The linear rate of widening of Middle Cape Canal and East Cape Canal to the Gulf (resp. 4 feet and 2 feet per year) reflects a system out of equilibrium in which the channels are still seeking to accommodate the volume of water in the tidal prism. Rising sea level has enlarged the tidal prism by expanding the intertidal zone into former low-lying uplands (especially in conjunction with wetland loss by major hurricanes). Opening of the channels has resulted in the creation and erosive widening of secondary channels into adjacent wetlands, further enlarging the tidal prism and tendency to widening. 

The dramatic historical and forecast future relative rise in sea level has/will produce similar effects on the natural tidal channels of the ‘Mangrove Coast’, between Cape Sable and Everglades City, whether these changes in channel dynamics and form will be triggered by human activities (as is the case of Cape Sable) or by catastrophic hurricane events. Other channel changes have/will be initiated by changing channel mouth openness, wetland shore erosion, changing tidal prism by post-storm mangrove substrate subsidence, and sea-level-rise inundation of topographic barriers.

It is strongly recommended that the historical changes in natural channel dynamics and configuration be carefully evaluated, because evolving channel dynamics will define the changes in the coastal landscape of the Mangrove Coast in the coming century.  In addition, inundation of the marl ridges along the south shore of the Everglades will likely lead to increased channel influence on coasts presently without penetrating channels.

Literature summary 

Background

Between 3,000 and 2,500 years ago the area known as Whitewater Bay was the outlet for the Shark River drainage of the Everglades.  Remnants of the channels and mangrove complexes are still visible in the aerial photographs extending across White water Bay and into the northwest side of Cape Sable.  A quick rise of sea level between 2,500 and 2,400 years ago destabilized areas of carbonate mud to the seaward, and over the next 400 years this mud was organized into a broad mud flat complex extending from near Everglades city southward to Cape Sable and eastward along the margin of Florida Bay.  A series of low, emergent mud ridges build southward blocking the old Everglades drainage and formed the backbone for Cape Sable.  Everglades’ drainage was diverted northward to the present Shark River channels.  There is a gap in the mud ridge from northern Cape Sable to near Highland Beach.  This may have been associated with Everglades’ discharge, but is partly the result of subsequent shore erosion.

Over the past 2,000 years Whitewater Bay has formed as the abandoned freshwater and saline wetlands of the old Everglades drainage deteriorated, a process that is continuing today.

About 1,200 year ago, possibly associated with a small sea-level oscillation, the coast stepped forward in the Cape Sable area and to the east of Clubhouse Beach (along the north shore of Florida Bay just east of Cape Sable).  This new coastline created Lake Ingraham.  Since formation, this new coastline to Cape Sable has eroded creating the scalloped caped shoreline of today.  Michaels (2001) cored the Holocene (modern) sediment sequence between Lake Ingraham and the coast to attempt to learn the origin of the seaward ridge defining the present Cape Sable coastline, but erosion appears to have destroyed the seaward origin.

Much of Cape Sable has a sandy/shelly beach, but this is mostly only a veneer over the 4-meter sequence of marl (firm carbonate mud) and organic peat below.  As the hurricanes erode the shoreline and wash sand landward, the small amount of beach sand is recycled to the beach.  The beach sand veneer slows the erosion during winter storms and tropical storms.  Wetland tidal creeks exposed at the coast by shore erosion are commonly filled with sand and blocked. 

Lake Ingraham is a shallow elongate water body separated from the ocean by a sandy barrier beach along which three capes have formed.  One or two prehistoric tidal creeks look to have extended through the beach for a time (e.g. the earlier westward drainage pattern of Hidden Creek in southwestern Cape Sable) but were subsequently blocked by sand fill.  The northeastern margin of Lake Ingraham is the largest (highest) of the marl ridges formed between 2,400 and 2,000 years ago (Roberts et al, ----).  North and south of Lake Ingraham are wetlands filling the area between the beach ridge and the marl ridge.  A narrow tidal channel extends southward from where this wetland-filled depression intercepts the coast to the north.  In the early 1900s, there was no connection from Lake Ingraham eastward to the interior of Cape Sable, and there was no connection westward to the Gulf.

Sea Level History and Future

Sea level in south Florida was about 1.2 meters (36 inches) below present level 2,400 years ago and rose to the present level at an average rate of 5 cm (2 inches) per century.  Beginning in 1930, the rate of relative sea level dramatically increased.  Over the past 70 years there has been a 22 cm (0.7 foot) rise of sea level (Key West and Miami tide gauges).  This is equivalent to 30 cm (12 inches) per century – a six-fold increase over the previous 2,400 years.  This rise has severely destabilized our beaches and coastal wetlands, and this set the stage for understanding the current dynamics of coastlines throughout the Gulf of Mexico and Atlantic.

This historical sea level rise plus the hurricane-initiated loss of coastal wetland since 1930 has led to increased subtidal environments and increased tidal prism for Lake Ingraham area.  In addition, large areas on the interior of Cape Sable have changed from high marl prairie wetland to open water. 

For the coming century, global-warming-induced sea-level rise is forecast to increase at an accelerated rate, likely at least another 45-60 cm (1.5-2 feet) including local subsidence.  This will inundate the marl ridge and accelerate erosion and breakup of the Cape Sable beach shoreline.

The coastal red mangrove wetland can rapidly accrete its root peat and could possibly keep pace with accelerated sea level rise, but hurricane setbacks negate this in south Florida.  Category 4 and 5 hurricanes devastate the red mangrove forests and set into motion a phase of root-peat substrate decay and subsidence which has caused stepwise loss of both coastal and interior forests during the past 70 years of rapidly rising sea level.

Human Modification

In the 1920s narrow canals were dredged across Cape Sable in an effort to drain the wetland.  Four canals cut across a low marl ridge connecting the Cape Sable interior with Lake Ingraham.  Narrow canals were also cut across the seaward margin connecting Lake Ingraham with the Gulf of Mexico (reported to have been constructed at 16 feet in width; Davis, 1972).

Scope of study

Intended use of results

     There are three aspects of application of this research project.  First, the results will be of direct application to management decisions on the natural and human modified portions of Cape Sable, decisions currently under urgent consideration by Everglades National Park.  These include restoration feasibility of canals from the Gulf and Florida Bay to Lake Ingraham and across the marl berm to the inner freshwater marsh, efforts of maintain freshwater habitats on the interior of Cape Sable, and decisions on responding to the loss of both freshwater marsh and coastal mangrove habitat.

     Second, this study will provide an understanding of the response of a coastal beach/marl ridge/wetland ecosystem in an area that has been largely unaffected by historical changes in the discharges and water levels emanating from the Everglades.  As such the Cape Sable region best reveals the ecosystem responses to historical stresses of hurricanes and relative sea level change.  Understanding the changes in the Cape Sable System will make possible a better understanding of the causes for observed changes in the coastal Everglades elsewhere along the southwest coast, areas also influenced by dramatic changes in freshwater flow from the Everglades.

     Third, Cape Sable provides an ideal test area for developing protocols for approaching the broader coastal Everglades.  Cape Sable has a broad variety of coastal environments with a variety of exposures, a variety of underlying substrates and relict topographic features, a variety of natural and anthropogenic modifications to the system, and a variety of spatial relationships between the coastal environments and the interior freshwater wetlands.  Two distinct major hurricanes have crossed Cape Sable since aerial photographic coverage has been available.  Dramatic changes have occurred in both the natural and anthropogenically modified portions of the systems.  All these provide an ideal opportunity to learn how best to approach an understanding of the coastal dynamics and evolution in the broader, more complex system.     
Objectives

The overall objectives of this research are to:

· Document the historical patterns and rates of change of

· The sandy, marl and wetland coastal systems

· Natural and human-created channels

· Inland lakes and freshwater wetlands; 

· Identify causes for the dramatic morphological ecosystem changes observed in the Cape Sable system (define the relative roles of prevailing processes, major hurricanes, historical sea level rise, human modifications and other); 

· Forecast the pattern and rate of the expected changes in the coming 50-100-200 years;

· Establish principles for system dynamics to be used as a “guide” for the evolution of other sensitive channeled mangrove-to-freshwater wetland complexes along the southwest coast of Everglades National Park;    

To meet these objectives, several specific questions will be addressed to provide a stronger basis for deciding the future management of the Cape Sable/Lake Ingraham system. An answer to these questions will increase our ability to recognize and understand rapid changes that have taken place in the channeled mangrove coast system of Everglades National Park.

The answers to six research questions provide a basis for a scientific decision on the management of the marl ridge.

1. What are the historical and dynamic changes that have/are occurring in the depressions in the marl ridge adjacent to Lake Ingraham?  We will use aerial photography and field sampling of forming deltas to assess the rate of growth of tidal flow in ‘East Side Channel’.  Field observations will be made on historical and present community shift, substrate dynamics (subsidence/accretion), and spring tide flow dynamics in the depressions across the marl ridge.  We will use this information and knowledge of the system dynamics to forecast the timing of inundation under various sea level rise and hurricane impact scenarios.

2. What are the substrate dynamics of the interior wetland to the northeast of the marl ridge?  Large areas of open water have appeared since construction of the Homestead Canal.  We will use historical photography, coring, field observations and measurements of community shifts and substrate dynamics to determine timing and rates of changes.  We have to assess the impact of changing salinity and water level on community and substrate dynamics.

3. What controls the rates of channel widening and evolution? To answer this we will monitor (a) the currents and channel edge response (erosion) in the rapidly widening constructed canals and in natural channels during neap and spring tides and during stronger winter storm flow; (b) document cored sequences of the composition and physical properties of the sediment sequences; (c) determine processes that cause weakening of the channel margins (biological, waves); and (d) monitor rates and timing of channel erosion (both present and more detailed historical). 

4. What are the community and substrate dynamics on mangrove coastlines with differing exposures and substrate types?  The answer will determine causes for different rates of coastline loss, substrate and community weakening, and causes for channel development.  Areas to be studied include the coast just south of Middle Cape Canal, the coast adjacent to Little Sable Creek Mouth, the coast adjacent to Big Sable Creek, the protected coast adjacent to Little Shark River mouth, and protected coastline along Mud Bay and Joe River.

5. How have mangrove/freshwater ecotones shifted in response to the 22 cm relative rise in sea level that has occurred since 1930?  How have shore erosion and hurricane-induced loss of interior mangroves forests affected this shift?  Has loss of interior freshwater wetlands (northeast of the marl ridge) been controlled by sea level rise or by a response to canal construction?    

One topic is to derive a solid scientific understanding of the rapid landscape responses from the constructed canals and abruptly opened natural channels.

6. What are the sources for and rates of sediment filling forming the flood and ebb tidal deltas and lake fillings in associated with Middle Cape Canal, East Cape Canal, the Slagle’s Ditch (now a widening channel that connects to a lagoon east of Clubhouse Beach), Hidden Creek, and the now widening natural channels extending north from Middle Cape Canal? The answer will help to recognize other rapidly responding natural systems past and present, provide an understanding of what portion of eroded material is retained within the systems and what is redistributed seaward.

Methods

Description of study areas

The region of research is the entirety of Cape Sable, extending along the outer coast from Clubhouse Beach (25N 07’ 81W 00’) around the capes to Big Sable Creek (25N 17’ 81W10’) and Little Shark Creek mouth; along the interior from Little Shark Creek and along Joe River the length of Whitewater Bay; and the interior marl ridges, marshes and lakes. 

For channel research, we will focus in particular on five creeks that are under dynamic evolution. Hidden Creek and East Side Creek, both north-south tidal creeks that recently opened up to respectively the sea and to East Cape Canal, represent creeks in early stages of rapid growth. The latter has historically naturally breached across the marl ridge to the interior freshwater habitats. The twin Little Sable Creeks that now extend from the Gulf south to Middle Cape Canal, represent tidal driven flow historically shifted from the north to the south end of the channel, providing an opportunity to document both channel enlargement and constriction.  Big Sable Creek complex represents a channel system that is partly infilling as the lost mangrove forest and subsided peat substrates are making the channels less useful.  Smaller channels extending southward from Little Shark River represent smaller, simpler degrading channeled former mangrove systems.  In the latter two, the budget of sediment export will be critical to assessing the potential rates of mangrove peat subsidence and the sediment stress being provided to other systems.  These creeks anticipated for detailed monitoring study are relatively small areas where we can fairly easily measure, monitor and observe flow dynamics and the import and export of particulate material.  Rates of change (channel erosion, tidal delta formation and/or bay infilling) in theses small systems are dramatic: Hidden Creek and East Side creek are widening at 60 cm/year and East Side Creek didn’t even exist before 1973 (see aerial photograph analysis). Other tidal channels of interest are Big Sable Creek and the Little Sable Creek-Middle Cape Canal connection. Going from Big Sable Creek eastwards to Mud bay the mangrove environments seem to be extending and water levels seem to rise. At the south end of Little Sable Creek a major channel has developed (initiated by the 1935 hurricane), providing tidal exchange for the wetland area to the north of Lake Ingraham. This tidal channel is also progressively enlarging. 

Other areas of interest will be between Lake Ingraham and the interior wetlands of Cape Sable. Some canals are dredged here in the early 1920s and cut across the marl ridge in several places. Natural channels have formed across the ‘ridge’ opening exchange of marine and interior waters (e.g. East Side Creek). The introduction of sand and mud through these expanding channels has caused flood-tidal deltas and capping mangrove forests to fill former lakes and portions of Lake Ingraham (reducing the tidal prism) but creating more deeply penetrating tidal channels (extending tidal influence further inland). The history and dynamic changes that are occurring in the depressions in the marl ridge adjacent to Lake Ingraham and in the new channels need to be defined in more detail.

Procedures

We will try to answer the questions stated above by analyzing the role of the regional geography and geology, physical processes in the channel, delta-inlet-lake sediment interactions and shoreline geometry. Several ‘program themes’ have been identified and will be developed to accomplish the objectives of the study: 

1) Historical change

2) Geologic framework

3) Sediment inventory

4) Sediment transport

1) Historical and present changes

It is important to carefully document the nature and causes of the historical changes, determine the rates of environmental modification presently occurring and define the most likely changes that will occur in the coming century. A key aspect of this study is defining the historical changes in tidal channels and dredged canals in modifying the connectivity of the system with the marine environment.

The foundation for this study, documentation of the historical changes in the Cape Sable environments, will be done using historical aerial photography beginning in 1927.  In this historical documentation, eight critical types of change will be focused on:

a) Change in size, form, extent and connectivity of tidal creeks and dredged canals (aerial photography, field measurement of substrate properties and erosion; current flow measurements during low and high flow conditions);

b) Coastline erosion/accretion and changes in elevation and sand and marl barriers to marine waters (aerial photography and field measurements);

c) Loss and spatial shift of mangrove wetlands and other wetland communities (aerial photography and field observations);

d) Community loss and subsequent subsidence of former wetland substrate lost by hurricanes or other stresses (field measurements and coring)

e) Collapse and change of interior wetlands (aerial photography and analysis of core sequences);

f) Wetland and channel invasion of low-lying upland ridges that historically served as a barrier to saline encroachment in southwestern Cape Sable (aerial photography, field mapping of vegetative communities and elevation, and paleoecological analysis of cores);

g) Patterns and rates of flood-tidal delta buildup and of infilling of former interior lakes (aerial photography and radiometric and paleoecological analyses of core borings); and  

h) Changes in environments influenced by dredged canals and other human modifications (aerial photography, field observations and analysis of core borings).  

2) Geological Framework  

Establishing a detailed geologic framework of the tidal creeks and the connecting wetlands and ponds is central to the study's purpose of understanding tidal creek stability, lake infillings, coastal erosion and process response on the ranges of spatial and temporal scale that control the evolution of this transition zone. To understand the geologic framework of the region the following approaches will be used: 

· Identify all newly developed creeks (small creeks behind Hidden Creek, East Side Creek and Little Sable Creek system), define nature and rate of response of channel cross sections through time (with changing flow conditions and event flows) 

· Map topography and substrate composition in upland/wetland vegetative community along marl ridge trend on the northeast margin of the Lake Ingraham depression; and on channel flanks to determine the effect of channel margin substrate, channel flank topography and vegetative community characteristics on channel stability to tidal and flow conditions and event flows

· Coring historical delta fillings of the small lakes behind Hidden Creek, in Lake Ingraham, and in East Side Creek to determine facies changes and to quantify the sediment sources for and rates of deltaic infilling of lakes

· Conduct particle type and paleontological analyses of core sequences in deltaic fill to (a) define ecological changes occurring in the areas historically affected by increased tidal influence and (b) to aid in defining sources for sediment input

· Conduct 210Pb dating on select cores to aid in age determination of units within the Quaternary and sedimentation rates

3) Sediment Inventory 

A medium to large-scale regional sediment inventory, or sediment budget, will identify and quantify the volumes and movements of sediment accumulating or eroding within the inland lakes, offshore mud bodies or along the sandy shoreline. The following approaches will be used:

· Coring on the small ebb and flood deltas around and in the tidal inlets of Hidden Creek, East Cape Canal, East Side Creek, Middle Cape Canal, and the Little Sable Creek channels extending north form Middle Cape Canal – to determine sediment characteristics, sediment source, paleoecological record, and accumulation rates through time. 

· Deploy sediment traps and substrate level recorders (rods, iron oxide pigment surfaces, carpets) to determine principal sources of sediment input and output and to measure sedimentation and erosion rates on channel levees and deltaic fillings of lakes over period of study. 
4) Sediment Transport 

It will be extremely valuable for both scientific and management purposes to get an accurate description of sediment transport rates (both in and out of the tidal creeks as well as more inland towards the lakes and wetlands), the associated temporal and spatial variation in each and the ability to apply these rates to predict gradients in sediment transport (hence, zones of accretion and erosion). In order to measure sediment transport, we need to obtain hydrodynamic data such as flow velocity and sediment in suspension concentrations. 

Besides answering the question on sediment transport fluxes, data on process dynamics in the channels could help us to answer the following: What is the nature and rate of response of channel cross section, channel flanks and channel morphology to changing flow conditions, event flow and water level; 2) What is the role of prevailing and storm processes in initiating, maintaining and evolving the channel morphologies.  To understand the sediment transport dynamics, the following measurement will be carried out:

· Establish cross-sectional beach profile monitoring sites at key points along the Sable Shoreline to provide a baseline for determining rates of and causes for erosion or accumulation. Compliment site research with detailed historical examination of shoreline changes with historical aerial photography. Patterns of sedimentation and erosion will be determined by leveling profiles perpendicular to the coast (with leveling instrument). The profiles will be measured four times a year in order to obtain an image of present sedimentation and erosion rates.

· Conduct bathymetry (depth profile), substrate roughness/cohesion, and tidal level surveys on the shoreface, across tidal creeks and in interior lakes/bays to determine cross-sectional geometry and support flow transport estimates.  

· Execute small-scale hydrodynamic measurement programs to measure flow, sediment-in-suspension and water levels in two different creeks over (at least) one spring tidal cycle, one winter storm sequence, and in different seasons (wet and dry).
    

Collections

The only extractive collections will be collection of about 60 3-inch diameter soft-sediment cores and collection of numerous half-liter water samples for suspended particulate analysis.  Most of these collected samples will be consumed during analysis.  Beyond the small holes in the mud and peat (which will be infilled with natural sediment in cases where the holes will not naturally collapse) and footprints to access land areas, this project will not disturb the environment.

In deploying our in situ acoustic current meters, we will use a constructed frame that will rest on the channel floor and be tethered with an anchor to prevent loss.  It will be placed so as not to be of any risk to boating activities of others.  To measure erosion/accretion of the substrate and channel margin we will install thin aluminum rods (15 sites, long aluminum nails (10-15 sites, and pour small plots of red iron oxide on the surface (10 sites).  The aluminum will be removed at the end of the study unless park scientists wish them to remain for longer-term study.  The iron oxide pigment will be placed in areas that will be covered with sediment by rapid natural accretion.  All placements will be away from areas visited by the public and unobtrusive. 

In making field observations and collecting current flow data we will be using NPS boats (motored and paddle as appropriate) and helicopters (for remote sites).  We will observe all park rules and limitations on access for this research.

Cores

Approximately 60 cores will be taken at different sites to document the nature of the substrate sequence (texture, composition and physical properties), paleoecological history, the rates and sources for rapid sediment deposition in areas of tidal delta and lake infilling, and substrate beneath decaying relict mangrove complexes.  The study will build on previous coring of Holocene stratigraphy by Roberts et al. (19--) and Michaels (2001). The cores will represent surface environments such as shallow brackish-water bays, interior lakes, deltaic fillings, subtidal canals, mangrove and freshwater peat producing provinces, landward terrestrial ridges, marl-surfaced beach, vegetated prairie, etc. Each core will be geographically located using both enlarged aerial photographs and GPS. Depth to the bedrock surface and sediment thickness will be obtained with either a metal probe rod or core penetrations. Cores will be collected using 3’’ (7.62 cm) diameter aluminum irritation tubing, pushed in by hand with friction clamped steel handles. When hand-core extraction is not possible, a winch and tripod device will be used. 

Sediment samples

Sediment erosion and accretion

Substrate erosion, subsidence and sedimentation will be monitored using (a) aluminum rods inserted to differing depths (to limestone rock, one meter depth and 20 cm depth) to recognize the depth of any observed subsidence; (b) short aluminum rods or or long nails inserted into the side of channel and canal flanks to monitor rates, patterns, and timing of channel erosion, and  (c) pourings of iron oxide pigment slurries on emergent and submerged sediment surfaces to permit sampling of accretionary sediment events.  The former will be re-measured at quarterly intervals and following events to document change.  The latter will be sampled by short cores to obtain newly accreted layers for constituent nad textural analysis.

Sediment traps

In addition to the other two methods, a special type of sediment trap will be used to measure sedimentation rates in the mangrove wetlands and on the flanks of the tidal systems. An advantage of this method is that small amounts of deposited sediment can be measured. Besides, measurements done with rods or stakes usually show a great deal of variation, which is partly caused by the method. Rods only measure at one point and scour effects make it difficult to indicate the measuring surface. To increase the measuring accuracy, we will try to use sediment traps with a larger surface, made of carpet tiles 40x40 cm wide. The traps will be placed on the surface of the substrate during low water at about 30 locations. During high tide, when the area is inundated, sediment is deposited on the carpet mat. After a measuring period of a spring tidal cycle (or more, depending on the sedimentation rates), the traps will be removed and the amount and grain size distribution of the deposited sediment can be analyzed. In this way the net sedimentation rates can be calculated for the different sites. The hourly sedimentation can be calculated as well by dividing the amount of sediment by the time of submergence of the area (know from the pressure sensors or calculated with the estimated tide tables). 

Marker horizons

Vertical accretion can also be measured as the rate of accumulation above a marker, often laid upon a substrate surface. Buried marker horizons indicate that surface deposition processes combined with root growth at the soil surface contribute to the vertical development of the mangrove soils. When SET readings are carried out simultaneously with the marker horizon measurements, the subsidence of the substrate can be calculated. 

Water samples

In addition to the turbidity sensor, surface water samples (half liter) will be collected at surface and near bottom (by means use of a stoppered Erlenmeyer flask on a pole). Known volumes of the water samples will be filtered through 0.5 micron Nucleopore filters and t he filters dried and weighed to determine particulate concentration. Portions of the sediment filters will be mounted on petrographic slides and analyzed under petrographic microscope to document suspended sediment constituent composition.
Hydrodynamic field campaign

At least three field campaigns (October spring tide sequence 2002/Winter storm sequence 2002-3/June Spring tide sequence 2003) will be carried out to collect hydrodynamic/sediment transport data series in four different channels (Hidden Creek, East Side Creek, South Little Sable Creek, and Big Sable Creek). We will carry out water level, flow and sediment in suspension measurements over a time frame of (at least) two two-week spring tidal cycles and one winter storm sequence along a transect from the subtidal creek inland to the ponds and intertidal mangrove swamps.  We will deploy one or two current meters (one to be borrowed) near the mouths of two tidal creeks as reference and use data from a hand held Sontek ADV Flowtracker/turbidity meter to characterize flow and sediment in suspension along channel/canal/bay lengths. 

To carry out these measurements we will purchase a 3-D acoustic current meter (MAVS-3SD) with pressure and turbidity sensor and we will borrow another MAVS-3SD current meter from NOAA Fisheries. The current meters have an accuracy of 0.3 cm/s and a resolution of 0.03 cm/s (and the pressure sensor accuracy is 0.5%). They will measure flow velocities (and water levels) continuously or semi continuously (e.g. bursts of 10 minutes an hour) over the period of time they are deployed. An optical turbidity sensor (Seapoint Turbidity Meter), incorporated in the purchased MAVS-3SD, will be used to document the concentration of particulate suspension in correlation with current flow. 

The measurement devices will be installed on frames for 1-2 week monitoring.  Complimenting these reference sites will be a purchased hand-held 2D acoustic current meter/turbidity meter (Sontek Flowtracker) to take measurements along and across channel profiles, into wetlands and bays and in Gulf-exposed wetlands.  

We also will use groups of yellow spherical surface drogues to document flow patterns and effective tidal flow in the creeks and across small bays and lakes.  The average current velocity is calculated with the floating time being measured with a stopwatch. GPS and plotting movement on aerial photographs provides spatial flow through tidal cycle.

For meteorological and hydrodynamic boundary conditions we will use the data of a NOAA buoy south of East Cape Canal which measures continuously current velocities and direction, water levels, wind direction and speed, temperature and salinity. We hope to collaborate with USGS and NOAA/RSMAS Biology in this hydrodynamic study with sharing of some equipment or data. 

Analysis

Aerial photographs

We will use Photoshop 6.0 for a ‘rough’ lining up of the different formats of aerial photographs and subsequently use Erdas or PCI to orthorectify, scale and overlap the different photographs. This will give a fairly good overview of the large-scale morphological changes occurring in channel form and extent and the changes in sub-environments. A GIS system such as ArcView will be used to compare different photos and to make maps and presentation material.   

Cores

The core tubes will be slit lengthwise with an 8’’ circular saw and split open to be photographed. One-half will be archived for future use, and the other half will be described in detail for sedimentologic, faunal and structural parameters. The core will be subsampled by sediment type and sediment constituents. The sediment units will be sieved and washed for fauna and flora description, analysis and counts. 

Lead (210Pb) dating

The decrease in 210Pb activity with depth can be used to determine the sedimentation rate of muddy deposits over a period of about 100 years before present.  210Pb is a member of the uranium decay series that starts with 238U and ultimately ends with 210Pb, stable lead. One way to find 210Pb  is by deposition from the atmosphere; the other is in situ formation. Once 210Pb is formed from 222Rn in the atmosphere, it enters marine and estuarine waters by dry fall-out and precipitation and is absorbed by suspended particles. The radioactivity of deposited 210Pb on sediment decreases in time (half life is 22 years). Older sediments are situated at a greater depth and are less radioactive. For this purpose only the 210Pb coming from the atmosphere must be considered, this is called the ‘excess’ 210Pb. Besides excess lead, 210Pb is produced in situ by direct decay of 222Rn in the sediment or leaking upwards from the underlying limestone. This is called ‘supported’ lead.

For geochronological purposes, it is particularly the amount of excess lead that is important for dating. During alpha-spectroscopy the total 210Pb-activity is measured, which makes it necessary to estimate the total contribution of supported lead activity within the sample. The supported lead activity has to be subtracted from the total measured activity to determine the excess lead activity. A common method to estimate this is to measure the lead activity in comparable samples of sediments that are more than 100 years old. In these samples, the 210Pb-activity is basically a function of the supported lead. 210Pb dating is especially suited for sediments not older than 100 years.

A commercial lab will analyze our lead samples.       

Hydrodynamic data

Wind data from a nearby meteorological station will be used to calculate the average wind velocity for each month. Furthermore, we can use the top 10% of the wind velocity as a measure for storm frequency and strength. Water level data from a NOAA buoy south of East Cape Canal will be used to reconstruct the tides and will be used for boundary conditions for incoming waves and currents. The average, maximum and top 10% of the high water levels will be calculated for each month. Moreover, the high water levels during the storm days are calculated and used as a measure for storm surge levels.  

The acoustic current sensors and the portable floaters can be used in a complementary way. The current sensors measure the current velocity accurately in one point. The floaters are used as a spatial measurement, by which the average current velocity and direction can be determined. 

Time Schedule

Appendix II gives an overview of the proposed time schedule for the two-year project. The black bars indicated the time range in which the defined task will have to be executed. Fieldwork time ranges might be longer than the actual time it will take to finish the measurements, but depending on weather and tide conditions we need to be flexible to some extent.

Included in the project tasks are the 1) literature review and photographic analysis to be done; 2) the actual fieldwork such as mapping, coring, leveling and measuring hydrodynamics; 3) the specific analysis of the field data, such as core description, grain size and paleontological analysis, lead dating, etc.; 4) the proposed meetings with involved ENP people and 5) the planned reports that will be written. 

Budget

Salaries





Year 1
Year 2

Total

H.R. Wanless (P.I.) (1 month)
9,218.47
9,771.57

Graduate Research Assistant 
19,218.72
20,371.80

Undergraduate Field Assistants 

(520hrs @ $8/hr) 
4,160
4,160

8,320
Fringe
2,175.56

2,345.18
 
4,520.74

Field and Laboratory Equipment and Supplies

Permanent Equipment


  MAVS-3SD Direct Reading Acoustic Current Meter (3D),


with Logging Memory 16 Mbyte Compact Flash, Alkaline 


battery pack and pressure sensor (with 0.5% accuracy)
8,468

          Sontek Flowtracker Handheld ADV (2D), battery power,

Built-in recorder
7,500



Field equipment includes:

400’ Core Tubing (3” aluminum irrigation tubing), 

40 aluminum probes/site markers, buoys, pigment ground markers, 

fluorescent dye and surface drogues, sediment traps and carpets, 

water sample bottles, hand GPS unit, leveling rods and surveying 

sight, Seapoint Turbidity Meter (optical backscatter), 

temperature/salinity meter and probe, floaters.
8,500
8,500  

Laboratory and aerial photo analysis equipment includes:

       0.5 micron filters, modifications to grain size settling

       tube, Erdas/PCI software ($2,500), Laptop computer, 

petrographic slides and mounting medium 
7,000
7,000

Outside Services

       210Pb dating 30 samples to calibrate 5 cores ($200 each)
-
6,000

Data and Report presentation materials include:

       Archival photo illustration paper and printer inks, 

Print-outs of posters for meetings and presentations
300
1,400

Travel

       Personal car travel for field research
   800
   800

       Travel for presentation of results at meetings (south Fla)
1,000
1,000

       45 days use of ENP Research small boats per year 

out of Flamingo (to be provided by Park Service)
       0
       0

       Helicopter time through Park Service: 4 hours first year;

               12 hours second year) 
2,2400
       6,720

Indirect Costs on total budget at %15

TOTAL PROJECT COSTS





PRODUCTS
Publications and reports 

We will provide an annual progress report (June 2002) and a final report (June 2003).  These reports will include documented efforts, results, evaluations of ecosystem/ landscape dynamics and recommendations with justifications to guide future management decisions. Included in the final report will be a graphical documentation of historical and anticipated future changes (printed and digital).

We anticipate that this effort will result in a Ph.D. dissertation and three to four other publications, addressing both the scientific and management results of the study.

Data and other materials 

Copies of all pertinent maps, handouts, software presentations, raw data, GIS coverages and video presentations will be provided to Everglades National Park or its archival designee.
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1992 – 1994
Utrecht University, The Netherlands: BS Physical Geography

1994 – 1998
Utrecht University, The Netherlands: MS Physical Geography

Specialization: morpho- and hydrodynamics of coastal systems. Thesis: ‘Development of a spit barrier in front of the Veerse Dam, The Netherlands’. 

Work experience

1999– 2000
University of Caen, Regional Center for Coastal Research, France, Research Associate
1998 – 1999
DHV Environment and Infrastructure B.V., Department of Hydraulic Engineering, The Netherlands, Project Engineer
Teaching experience

August 2001–present
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Supporting documentation and special concerns

Safety

We will follow safety standards for boating and helicopter use as required by Everglades National Park.

Access to study sites

During field research phases we will be at the research sites nearly daily for a time period of one to two weeks. Shorelines, bays and main channels will be accessed by National Park Service boats with outboard motors. Smaller channels and some interior lakes will be accessed by canoe. Remote interior areas will be reached by helicopter. We will maintain close contact with the Everglades Research Center to assure that we will not enter areas closed for nesting or other wildlife protection areas.    

Use of mechanized and other equipment

Aluminum rods in the wetlands and sediment traps in the subtidal will be installed as unobtrusive markers for sediment erosion and accretion during the entire study period. Other markers and hydrodynamic measurement devices will be deployed for a short period of time, one to three weeks. These will also be unobtrusive and will not impair boating and other activities of the public. 

Ground disturbances

The only extractive collections will be collection of about 60 3-inch diameter soft-sediment cores.  Most of these collected samples will be consumed during analysis.  Beyond the small holes in the mud and peat (which will be infilled with natural sediment in cases where the holes will not naturally collapse) and footprints to access land areas, this project will not disturb the environment.

NPS assistance

This project will need approximately 45 days of boat time in the first year and 45 days in the second year. This project assumes that the boat and the gasoline will be provided by ENP. We have requested funds for use of National Park Service helicopters but we will need assistance with the scheduling and coordination. 

We are provided with field personnel within the proposal, but welcome any park personnel participation, especially at stages where we are initiating field mapping of vegetation communities. We anticipate an informal interaction with Everglades’ biologists and ecologists.

� Detailed description of measurement program and hydrodynamic instruments is given on page 10 (Hydrodynamic field campaign) 
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