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Introduction and Acknowledgements
The Southeastern Geological Society travels to southeast Florida – to visit the unique rock outcrops
along the shoreline in Martin County and Palm Beach County, Florida. On Friday evening (14 December)
we will enjoy dinner in Stuart, Florida, followed by a presentation by Vice-president Jennifer Coor, Ph.D.,
P.G., and Florida Oceanographic Society scientist Zack Jud, Ph.D.
On Saturday morning, we will visit Palm Beach County to see the cliff outcrops of the Anastasia
Formation in Palm Beach County at Ocean Reef Park. We will then travel to Blowing Rocks Preserve to
visit the largest outcrop of the Anastasia Formation long Florida’s shoreline. We will then have lunch at
Sailfish Point overlooking the beach, generously sponsored by Sailfish Point. After lunch we will have
the opportunity to explore Sailfish Point and observe the worm reef. We will conclude our field trip with
a stop at Bathtub Beach and the House of Refuge.
Special thanks are owed to Dr. Zack Jud of the Florida Oceanographic Society for agreeing to give a
presentation to SEGS, and for contributing a guide to Florida algae to the guide book. Special thanks
also to Ms. Pat Noonan and Mr. EJ Ewing of Sailfish Point for graciously hosting SEGS and providing
lunch on Saturday at Sailfish Point. Thank you Zack, Pat, and EJ!
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Itinerary
Friday, December 14, 2018
• 6:00 pm – meet at Renato’s Italian Ristorante, 3720 Se Ocean Blvd, Stuart, FL 34996
o Dinner, presentations, brief SEGS meeting (discuss elections)
o Presentations by Jennifer Coor and Zak Jud
Saturday, December 15, 2018
• 7:30 am – meet in hotel parking lot
• 7:45 am – leave hotel parking lot for Ocean Reef Park, Palm Beach County, FL (approximately 1
hour drive)
o Ocean Reef Park, 3860 N Ocean Dr, Riviera Beach, FL 33404
• 9:00 am – begin field trip at Ocean Reef Park
• 10:00 am – leave Ocean Reef Park and go to Nature Conservancy Blowing Rocks (approximately
25 minute drive)
o Nature Conservancy Blowing Rocks, 575 S Beach Rd, Hobe Sound, FL 33455
• 10:30 am – begin field trip at Nature Conservancy Blowing Rocks
• 11:30 am – leave Blowing Rocks and travel to Sailfish Point (approximately 45 minute drive)
o Sailfish Point Golf Club, 2203 Southeast Sailfish Point Boulevard, Stuart, FL 34996
• 12:30 pm – Lunch at Sailfish Point
• 1:30 pm – begin field trip at Sailfish Point
• 2:30 pm – leave Sailfish Point and go to House of Refuge, Martin County, FL (approximately 5
minute drive)
o Bathtub Reef Beach, 1585 SE MacArthur Blvd, Stuart, FL 34996
• 2:45 pm – begin field trip at House of Refuge
• 4:00 pm – end of field trip
Hotel Accommodations:
Courtyard by Marriott Hutchinson Island Oceanside/Jensen Beach
10978 S Ocean Dr, Jensen Beach, FL 34957
(772) 229-1000

Maps and Directions
A suggested route is available at: https://goo.gl/maps/dT18cGHju132 for use on your smartphone. For
your convenience, the map and directions are enclosed in the additional resources.
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Optional Stop: Palm Beach Road Cut
Country Club Road, Town of Palm Beach, Florida
While not an official stop on the trip, the Palm Beach Road Cut is an impressive exposure of the
Anastasia Formation created during road construction. Please exercise caution if you get out of the
vehicle and walk along the road to view. It is suggested you leave the hotel early if you plan to visit the
road cut, due to the distance from the first stop.
The road cut extends 600 feet westward and has rock walls about 20 feet high on both sides. The rock is
a granular coquina resembling sandstone on the east and grades into a fine-grained shell hash at the
west end. At the east end avalanche cross bedding is present, and midway through the road cut the
bedding undulates from horizontal to dips. A scour-and-fill structure is also present, truncating the
cross-bedding beneath it. Perkins (1977) describes this exposure and has several photographs. He
interprets it as a barrier beach deposit on the west separated from a dune deposit on the east by a
regional disconformity marked by a paleosoil. Parker and others (1955) called the surface an
unconformity. Small burrows are present in this exposure as well as tabular structures at the top of the
outcrop that Perkins (1977) called “root casts.” These may also represent large burrows.

Figure 1. Palm Beach County road cut.
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Stop 1: Ocean Reef Park
Ocean Reef Park, 3860 N Ocean Dr, Riviera Beach, FL 33404
The Anastasia Formation begins as a reef exposed at low tide 50 yards to the right of the boardwalk, and
100 yards offshore. The outcrop resumes 200 yards north of the boardwalk as a low cliff that extends
along the beach for 0.4 miles. Watch for avalanche and herringbone cross-bedding, the cratered upper
surface of the coquina due to the presents of many small burrows, large burros, laminated calcium
carbonate crusts, lithified infillings, conspicuous solution pits and notches, and rock masses that have
collapsed from the cliff.

Figure 2. Exposed outcrop at Ocean Reef Park.
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Stop 2: Blowing Rocks Preserve
The Anastasia Formation extends along the shoreline for 1 mile, with cliffs up to 15 feet high. Perkins
(1977) mentions this outcrop briefly. There is planar bedding, numerous fossils, small and large
burrows, laminated crusts with root impressions and botryoidal growths, lithified infillings, solution
pipes forming “blow holes,” notched cliffs and sea caves, promontories and coves, abrasion platform,
and large masses of collapsed rock.

Figure 3. Rock outcrops at Blowing Rocks Preserve.
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Stop 3: Sailfish Point
Sailfish Point is influenced by many factors. The St. Lucie River is both a natural river/estuarine system
and man-made waterway connected by the St. Lucie Canal to Lake Okeechobee 22 miles to the west,
forming the cross-state, Okeechobee Waterway. Nearshore barrier reefs and rock outcroppings parallel
the beach in the nearshore of the Atlantic. These reefs are composed of a substrate of various coquina
limestones with polychaete worms forming a sand-tube "rock" on top of the substrate. This unique reef
system, known as the "Bathtub" reef, is located at the southern end of the island. Parts of this reef are
exposed at low tide to form a "lagoon" or area of calm water between the reef and the shore. Many
species of algae are known to be present along the nearshore reef.

Figure 4. Worm Reef/Rock outcropping at Bathtub Beach.
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Stop 4: House of Refuge
The Anastasia Formation extends for 2 miles north along the shoreline with cliffs up to 15 feet high at
the House of Refuge. Looking south from the end of the boardwalk, Bathtub Reef is visible.
Immediately ahead is an outcrop with small burrows, laminated crusts, solution pipes, a notch and an
abrasion platform, and a mass of collapsed rock. Moving north along the beach moving toward the
House of Refuge, there are several outcrops with conspicuous notches. At the House of Refuge are
prominent planar bedding, many fossils (including Busycon), small and large burrows, thick laminated
calcium carbonate crusts, lithified infillings, solution pipes, notched cliffs, promontories and small coves,
and many large masses of collapsed bedrock.

Figure 5. Rock outcrops at the House of Refuge.
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FDEP R Monument

Additional Resources
Additional information on the Anastasia Formation, beach nourishment, and the worm reef is provided
in the sections that follow.
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Palm Beach County Road Cut (JCR, 2010)
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COVER PHOTOGRAPH

COVER PHOTOGRAPH: ROAD CUT THROUGH ANASTASIA FORMATION, TOWN OF PALM BEACH, FLORIDA, USA
View looking west through one of the deepest road cuts in Florida, transecting the Anastasia Formation.
This impressive exposure of Anastasia Formation sediments occurs along Country Club Road on the island of Palm Beach in Palm
Beach County. This exposure contains two disconformities with paleosols separating the beds. The formation, usually observed in
exposure on the coast as notched bluffs with blow holes, extends up to 32 km inland in St. Lucie and Martin Counties. The Anastasia
Formation contains interbedded sands and coquinoid limestones, the most common facies being an orangish brown, unindurated to
moderately indurated, coquina of whole and fragmented mollusk shells in a matrix of sand often cemented by sparry calcite. Sands
occur as light gray to tan and orangish brown, unconsolidated to moderately indurated, unfossiliferous to very fossiliferous beds. Most
outcrops in the Anastasia Formation contain laminated calcium carbonate surface crusts. This case hardening, which averages about
2.5 cm in thickness, follows the surface of the rock. The upper surface is usually reddish-brown and smooth. Individual laminae are
alternating white and red-brown layers approximately 1 mm thick. Botryoidal growths and root impressions are also found on the
surface of the crusts that probably formed in a subaerial environment by leaching and reprecipitation of calcium carbonate (Lovejoy,
1983). In addition to the case hardening of exposed formation surfaces, two types of solution features also occur in the Anastasia
Formation. Surface pits form shallow depressions on the surface of the outcrop where the deeper, more than 1 m long inverted "dunce
hat" cavities, form solution pipes or pits such as those that are so common in eolianite deposits along the coast of southwestern
Australia, Bermuda, and in the Bahamas. The pits formed by acidic standing water but downward drainage formed the pipes. Pipes
with an open bottom on cliff visors along the shore often function as "blow holes" during high tide. Pipes with a closed bottom are
commonly filled by calcium carbonate lithified infillings or paleosols.
On the shore, the Anastasia Formation is characteristic of a wave-erosion coast with notches forming at the bottom of sea
cliffs. There are often small sea caves and most cliffs have a wave abrasion platform at the base, which is often covered with
sand. Small sea arches occur at the base of promontories that jut into the ocean making for a very interesting seascape.
With an age of about 130,000 years old, the Anastasia Formation is the youngest lithified marine deposit found along Florida’s coast.
It was formed during Marine Isotope Stage 5 (MIS 5e) when sea level during the Eemian Interglacial was a few meters higher than
today. In addition to occurring on land and along the shore, the Anastasia Formation also occurs offshore on the continental shelf
where it forms exposed bedrock that serves as a template for geomorphological development of seafloor features such as structural
sand flats and reticulated hardgrounds (Finkl, Benedet and Andrews, 2005). (Photograph and caption by Charlie Finkl, Department
of Geosciences, Florida Atlantic University, Boca Raton, Florida and The Coastal Education & Research Foundation, West Palm
Beach, Florida).

Finkl, C.W.; Benedet, L., and Andrews, J.L., 2005. Submarine geomorphology of the continental shelf off southeast Florida based on
interpretation of airborne laser bathymetry. Journal of Coastal Research, 21(6), 1178–1190.
Lovejoy, D.W., 1983. The Anastasia Formation in Palm Beach and Martin Counties, Florida. Miami Geological Society Memoir 3,
pp. 58–72.
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COVER PHOTOGRAPH: ROAD CUT THROUGH ANASTASIA FORMATION,
TOWN OF PALM BEACH, FLORIDA, USA
Author(s):
Source: Journal of Coastal Research, 26(6):fmii-fmii.
Published By: Coastal Education and Research Foundation
https://doi.org/10.2112/1551-5036-26.6.fmii
URL: http://www.bioone.org/doi/full/10.2112/1551-5036-26.6.fmii

BioOne (www.bioone.org) is a nonprofit, online aggregation of core research in the biological, ecological, and
environmental sciences. BioOne provides a sustainable online platform for over 170 journals and books published
by nonprofit societies, associations, museums, institutions, and presses.
Your use of this PDF, the BioOne Web site, and all posted and associated content indicates your acceptance of
BioOne’s Terms of Use, available at www.bioone.org/page/terms_of_use.
Usage of BioOne content is strictly limited to personal, educational, and non-commercial use. Commercial inquiries
or rights and permissions requests should be directed to the individual publisher as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit publishers, academic institutions, research
libraries, and research funders in the common goal of maximizing access to critical research.
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Classic Exposure of the Anastasia Formation in Martin and Palm Beach Counties,
Florida (Lovejoy, 1998)
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Coastal Geology and Beach Nourishment
Jennifer L. Coor
Jacksonville, Florida

Introduction. The loss of sand from Florida’s beaches and coastal systems is a serious
problem that affects not only the coastal system, but also the economic livelihood of
Florida’s coastal communities. Beach erosion is a chronic problem in Florida, influenced
by sea-level rise, natural coastal processes, storms, and inlet management (Clark, 1993).
Florida has approximately 1,350 miles of shoreline, from which a variety of different
environments are found. Of these, 825 miles are made up of sandy shorelines fronting
the Atlantic Ocean, Gulf of Mexico, and Straits of Florida. The Florida Department of
Environmental Protection has documented 411.2 miles of critically eroded beaches, 8.7
miles of critically eroded inlet shoreline, 93.5 miles of non-critically eroded beaches, and
3.2 miles of non-critically eroded inlet shoreline statewide in a Critical Erosion Report, as
shown in Figure 1 (FDEP, 2016). Of these, 227.4 miles are under active management,
having a total of 78 listed projects statewide, as shown in Figure 2 (FDEP, 2015).

Figure 1. Statewide areas of critically and non-critically eroded shoreline (FDEP, 2016).
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Figure 2. Florida’s managed/engineered beaches (FDEP, 2015).

Regional and Local Geology. The formation of coastal Martin and Palm Beach Counties
took place as part of the series of geological events which shaped the Florida peninsula.
In the late Miocene and Pliocene epochs nearly all of the Floridan Plateau was below sea
level. The formation of the Florida peninsula began with sediment deposition in northern
Florida from rivers draining the Appalachian Mountains. At the same time marine
carbonates, shell fragments and microscopic marine animals, were being deposited as
sediments throughout the shallow waters covering most all of Florida south of the
panhandle. It was during this time that the older rock formations of Hawthorn, Tamiami
Limestone and Caloosahatchee Marl were formed.
During the Pleistocene epoch four great Ice Ages caused alternate flooding and exposure
of the peninsula. As the land became flooded, large deposits of limestone and sandstone
formed on top of the plateau. These were formed under various climatic and
environmental conditions and are thus different in their composition and thickness. The
names of these rock formations beginning with the oldest are the Fort Thompson, Key
Largo Limestone, Anastasia, Miami Limestone, and Pamlico Sand. The Anastasia
Formation forms the shallow aquifer and is also the base rock of Hutchinson and Jupiter
Islands (FOS, 1982).
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The Anastasia formation, composed of shelly quartz sand, silt, sandy limestone or
sandstone, underlies the Atlantic Coastal Ridge in Martin County and Palm Beach
County. The Anastasia rock can be seen exposed in outcroppings along the seaward edge
of Hutchinson Island north and south of the House of Refuge Museum for about 2300
and 4200 feet respectively. These rock outcrops are elevated 10 to 12 feet above sea
level. The Anastasia formation is about 140 feet thick at this eastern exposure, and thins
out to the west in Martin County where it merges with the older Ft. Thompson formation.
Hutchinson Island, Jupiter Island, and Palm Beach formed as a part of a chain of long,
narrow and often low islands which comprise much of the coast of Florida and are known
as "barrier islands." This term stems from the fact that they form the first line of defense
for the mainland against the high energy of the sea during severe storms and hurricanes.
The islands also contribute to the lagoon and estuarine systems which allow mixing of the
sea with fresh water from rivers and other drainage basins. These lagoons and estuaries
on the mainland side of the Island are the desirable habitat for a wide diversity of aquatic
life forms. In contrast to the relatively peaceful setting of the mainland side, we find the
very dynamic and ever shifting sands of the beaches and dunes on the seaward side. In
most cases the barrier island is less than a mile wide and elevations are generally less
than 20 feet above mean sea level. Typically, during high seas and storms, the island is
overwashed by the sea which spreads the sands into the lagoon forming a fan or delta
shape. Also during storms, new inlets may break through the island while others may fill
in and become closed.
In summary, this region seems to be typical of the many barrier islands in Florida and
elsewhere. The rising sea level and the continuous movement of the beach sands, both
onshore-offshore and along the shore, are gradually accounting for a loss in the material
of the dunes. Severe northeast storms and hurricanes continue to inflict the most
dramatic changes in a short time period. This area is a continuously changing shoreline,
responding to the effects of both man-made and natural forces.
Florida’s Rocky Coast. Florida beaches are commonly composed of sand and shell
(carbonate), though in some areas exposed outcrops of reef and rock are visible on the
beach (Flagler County, Martin County, and Palm Beach County). In Flagler County,
coquina from the Anastasia Formation outcrops at Washington Oak Gardens State Park.
The Anastasia Formation has its largest shoreline outcrop at Blowing Rocks Preserve.
During extreme high tides and after winter storms, seas break against the rocks and force
plumes of saltwater up to 50 feet skyward. It is also possible to see outcrops of the
Anastasia Formation at Ocean Reef Park in Palm Beach County and the House of Refuge
in Martin County. An outcrop of the Anastasia Formation is also visible in a road cut in
Palm Beach County (JCR, 2010).
In addition to the rocky outcrops, this portion of Florida’s shoreline is famous for
nearshore reef communities. Bathtub Beach and Sailfish Point are located in Martin
County, Florida just north of St. Lucie Inlet. The nearshore worm reef creates a protected
beach with warm, gentle water at low tides, much like a bathtub – thus providing the
beach’s name.

Page 56

The ocean beaches and dunes are composed of coarse to fine sand and shell fragments.
Anastasia coquinoid limestone underlies the beach material, being exposed year-round in
some locations, and exposed seasonally due to severe weather in other locations.
Beach Nourishment in Florida. Florida’s eroding beaches first began receiving sand as
“beneficial use” from maintenance projects as early as the 1940’s, but beach nourishment
practices did not begin until the early 1970’s. The FDEP created the “Sand Rule,”
Florida Administrative Code (F.A.C.) 62B-41.007(2)(j)(k), in 1992 and amended the
Rule in 2001, which specifies the criteria for sand placed on beaches within the state of
Florida. In an effort to protect the environmental function and general character of the
coastal system, the “Sand Rule” requires that material used for beach nourishment be
similar in grain size distribution to the native or existing beach. Additionally, the “Sand
Rule” specifies that fine sediment, defined by the percent of material passing the #230
US Standard Sieve, must comprise 5% or less of beach nourishment material. Material
obtained from maintenance of navigation channels allows 10% fines or less for beneficial
use on the beach, and 20% fines or less for beneficial use in the nearshore. Identifying
offshore sand resources suitable for future beach nourishment projects is critical in order
to sustain Florida’s beaches.
Northeast Florida. The majority of the beach nourishment projects completed in
northeast Florida utilize material obtained from offshore sand sources and the
maintenance dredging of navigation channels in both the Intracoastal Waterway (IWW)
and coastal inlets. Upland sources are occasionally used for small-scale beach
nourishment and/or dune restoration projects.
Central Florida. Beach nourishment projects along the Atlantic central coast
utilize a combination of offshore sand sources, sand obtained from maintenance
dredging, and upland sources to maintain the beaches.
Southeast Florida. Many beach quality sand resources located adjacent to the
southeast Florida beaches have been exhausted (Ousley et al, 2014). Additionally, there
are many sensitive environmental resources, such as coral reefs, that limit dredging
activities. In many locations it is becoming a difficult or impossible to find offshore
sediment sources that meet the “Sand Rule” for beach nourishment, resulting in the need
for truck-haul projects utilizing upland sand sources.
Panhandle / Northwest Florida. The majority of the beach nourishment projects
completed in the Florida utilize material obtained from offshore sand sources and the
maintenance dredging of d coastal inlets, and associated tidal shoals. Upland sources are
occasionally used for small-scale beach nourishment and/or dune restoration projects.
Southwest Florida. Beach nourishment projects along Florida’s southwest Gulf
coast utilize a combination of offshore sand sources, sand obtained from maintenance
dredging of inlets, and accompanying tidal shoals, and the Gulf Intracoastal Waterway
(IWW), and upland sources to maintain the beaches. Upland sand sources are used for
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many projects in Collier and Monroe Counties, due to the few offshore sand sources
available.
Beach Nourishment along Florida’s Rocky Coast. The beach, aka shoreline, is simply
the region where the ocean touches dry land. The material on the beach is influenced by
longshore current, proximity to sediment sources (rivers), land topography and
composition, tectonic activity, configuration of the coastline (presence of inlets), wind
and weather patterns, among other factors such as sea level rise and anthropogenic
activities. Erosion refers to material that is lost from the beach, while accretion refers to
the addition of material to the beach.
Bathtub Beach and Sailfish Point. Bathtub Beach and Sailfish Point (R-34.3 to
R-42.3) are south of the federal shore protection project area on Hutchinson Island, with a
1.0-mile segment (R-34.3 to R-40) of critically eroded beach at both Bathtub Beach and
Sailfish Point. This critical erosion area added a 0.4-mile segment to their critical erosion
area in 2015, which now reaches down to R-40 for design integrity of the beach
nourishment project. Both Bathtub and Sailfish Point encountered severe erosion from
the 2004 hurricane season. A total of approximately 218,600 cy of sand has been placed
directly within the study area shoreline (R-35 to R-42) between December 2004 and
February 2012. Bathtub Beach between R-34 and R-36 has received then placement of
approximately 85,711 cy of sand from 2008 through 2013 by Martin County using an
upland sand source. The county and the community of Sailfish Point obtained a permit in
October 2015 to construct a beach nourishment project between R-34.3 and R-37.8
Bathtub Beach), and a restoration project between R-37.9 and R-40 (Sailfish Point). The
beach restoration project was completed in May 2016 and placed 325,400 cy of material
on the 1,350-foot segment of Bathtub Beach and the 3,550-foot segment of Sailfish Point.
Due to erosion from Hurricane Matthew, beach nourishment occurred again and was
partially completed in May 2017 between R-34.5 to R-38 in the amount of 75,500 cy.
The material came from inlet borrow area A and the Sailfish Point Navigation and
Entrance Channel for the 2017 activities. Due to erosion from Hurricane Irma, the
Bathtub Beach project was completed in April 2018 and placed a total of 140,000 cy
between R-34.5 and R-36. For additional information, see the FDEP JCP Permit number
0326938-001-JC.

Figure 1. Bathtub Beach before (left) and after (right) beach nourishment project.
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Blowing Rocks. This is a 0.2-mile segment of critically eroded beach on southern
Jupiter Island, south of the Blowing Rocks Preserve public access in Martin County,
where private development is threatened. Anastasia formation creates an exposed rock
headland within the Preserve. The area south of the Preserve is subject to dynamic
erosion and accretion cycles on the downdrift side of the rock headland. In response to
the 2004 hurricanes, a dune restoration project was constructed in 2008. Hurricane Sandy
in 2012 caused erosion to the dunes and repairs to the dune were necessary. The dune
work was completed in November of 2012 with placing approximately 8,600 cubic yards
(cy) that restored 1,100 ft of dune between R-126 to R-127. In addition, roughly 200 cy
of sand was placed within the seaward edge of the dune along each of the nine properties
in that area. The upper limits of the dune were re-vegetated with sea oats. The Town is
planning to re-construct the dune at Blowing Rocks beach between R126 and R127.4 in
2018/2019.

Figure 2. Photos of beach nourishment on Jupiter Island. (Left) during construction; (right) after construction.

Ocean Reef Park, Singer Island. This is a 1.7-mile segment of critically eroded
beach on Singer Island, and the project history for this segment of shoreline is described
in Table 3. The local sponsor is Palm Beach County. A large rock outcrop (R-67)
influences littoral sand transport and the width of the beach at Ocean Reef Park (R-67 to
R-68). North of the rock outcrop, erosion of the dune bluff threatens upland structures.
Beginning in 2000, the county placed sand along the eroded dune bluff to protect upland
structures. The Department and the county initiated the first phase of a feasibility study of
coastal erosion control structures in March 2001. Preliminary findings were inconclusive.
An additional feasibility study was concluded in 2005, recommending the placement of
beach erosion control structures. The county began permitting activities to construct 14
offshore breakwaters between R-61 to R-68 in 2006. The project was modified to 11
breakwaters due to concerns of downdrift impacts. The breakwater design did not receive
favorable approval by regulatory agencies. An alternatives analysis was completed in
July of 2010 and a submerged breakwater design was proposed. The project was
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permitted by the Department, but was not pursued by the county. Since 2013, seven
upland properties have constructed seawalls to armor approximately 2,300 linear feet. A
dune restoration project for a new segment was authorized under a CCCL permit in 2015.
The truck haul project was completed in April 2016 placing approximately 11,822 cy of
sand.

Figure 3. Ocean Reef Park after Hurricane Matthew (left) and subsequent beach nourishment (right).

Conclusions. While Florida is known for its sandy shorelines, the rocky outcrops along
the Atlantic Coast are unique geological settings, recording the diversity of marine life in
the limestone. Many of these landforms are best accessed at low tide for maximum
visibility.
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Reefs are organically-built, rigid structures that rise above the surrounding seafloor.
Under this definition, there are many biogenic structures that qualify as reefs. The great
variety of reef constructors include cyanobacteria (stromatolites), coralline algae,
sponges, corals, serpulid and sabellariid polychaete worms, bivalve mollusks (oysters,
rudists), gastropods (vermetids), and bryozoans. And other marine invertebrates (e.g,
bryozoans and crinoids) construct cemented mud mounds (Walsortian mounds) and
lithoherms (e.g., in the Straits of Florida) that may also qualify as reefs.
Florida waters host many types of reef, including the well-known platform margin reefs
of the Florida Reef Tract, the Florida Middle Ground of the eastern Gulf of Mexico,
vermetid gastropod (Petaloconchus) reefs of the southwestern coast, and deep water
Oculina coral banks off the east coast (Jaap & Hallock, 1990).
But perhaps the most unusual are the worm tube reefs of the eastern Florida coast, from
Cape Canaveral to Key Biscayne (Figure 1). These reefs are constructed by a sabellariid
polychaete worm (Figures 2, 3, 5). Unlike the familiar serpulid worms which construct
calcareous tubes, sabellariid polychaetes form agglutinated tube dwellings, cementing
sand grains and shell debris into a tough proteinaceous sheath. The worms individually
may reach 5 cm in length, but most are less than 2.5 cm. The average density of worms
on the reef is 5 tubes per cm2, and colony densities may reach 15,000-60,000 individuals
per square meter. These tube worms have encrusted exposures of the Pleistocene
Anastasia Formation. High tides and waves flush plankton- and sediment-rich coastal
waters over the colonies. During low tides, the worms safely seal their tubes with
sufficient water to sustain them until the next high tide.
The worm reefs thrive in high-energy, sediment-rich, littoral (intertidal) and shallow
subtidal waters to depths of about 10 meters (Figure 4). Isolated reef masses have been
documented as deep as 100 m. They are especially well-developed between Fort Pierce
and Jupiter. Perhaps the best and most easily accessible exposure is at Bathtub Reef, at
the southern end of Hutchinson Island, where at low tide, pools of water are trapped
between the mounds (Figures 2, 3).
The reefs are constructed by a single species, Phragmatopoma caudata Krøyer in Mörch,
1863. This is the type species of the genus, in which four species are recognized (viz.,
attenuata, californica, caudata, virgini). Three names have been synonymized under P.
caudata (viz., Centrocorone spinifera Treadwell, 1939; Hermella caudata (Mörch, 1863); and
Phragmatopoma lapidosa Kinberg, 1866). It should be noted that P. lapidosa is a primary
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synonym of P. caudata and much of the earlier literature on the worm reefs of
southeastern Florida identify P. caudata as P. lapidosa. Phragmatopoma caudata and the
Pacific form, P. californica are evidently conspecific subspecies (Zale & Merrifield,1989).
_____________________________________________________________________________

Figure 1—Distribution of worm reefs along Florida’s
southeastern shore (from Zale & Merrifield, 1989).
____________________________________________________________________________________

Phragmatopoma caudata is presently known only from the Recent, and is found exclusively
in the Western Atlantic, extending from Cape Canaveral, Florida, to Santa Catarina,
Brazil, with documented occurrences in Texas, Mexico, the Caribbean, and Venezuela. Its
large reefal colonies provide substrate and habitat for many other benthic marine species
(Kirtley, 1994; Occhioni, et al., 2009).
As annelid worms (along with earthworms and leeches), polychaetes have a segmented
body. P. caudata has about 35 body segments divided into 4 regions: (1) an opercular stalk
(“head”) with two segments (a pre-oral prostomium and post-oral peristomium); (2) a
parathoracic area with three segments (called biramous parapodia); (3) an abdominal region
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Figure 2—Worm tube reefs of Phragmatopoma caudata growing over the
Pleistocene Anastasia Formation, Bathtub Reef, Hutchison Island.
_____________________________________________________________________________________

Figure 3—Large worm tube mound of Phragmatopoma caudata growing over the
Pleistocene Anastasia Formation, Bathtub Reef, Hutchison Island (quarter for scale).
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with ~32 segments (each with a variety of structures including small hooks that anchor
the worm in its tube); and (4) a posterior caudal region (a cylindrical, tapering “tail” with
terminal anus) (Zale & Merrifield, 1989). Zale & Merrifield (1989, p. 2) describe the head
region as follows (see Figure 5):
The head…has an anterior opercular disk that serves as a “stopper” when the worm
retracts into its tube. An array of hard, claw-like paleae (setae) on the operculum are
used to manipulate sand grains being cemented into the tube. Two rows of ciliated
feeding tentacles run lengthwise ventrally along the head. The ventral mouth, with its
pair of feeding palps, lies behind and between the rows of feeding tentacles. The lower
lip of the mouth is surrounded by the horseshoe-shaped building organ that supplies
the proteinaceous cement for tube construction.

P. caudata is dioecious, with external fertilization (males and females extrude gametes in
the water where eggs are fertilized). Larvae have posterior and anterior eyespots and can
“feel” and taste substrates for suitable attachments sites. Worms always attach to a firm
substrate such as rock, peat, or wood (Multer and Milliman, 1967). As larvae attach to a
substrate, they first secrete a 2 mm cylinder of mucus (glued to the substrate), sufficient
to house the larva. They then select suitable debris to embed and construct its adult tube.
At first, small sediment grains are used, but as the tube enlarges, a greater variety and
size of debris is used for construction. Tube-construction sediments including quartz
grains, heavy mineral grains, diatom frustules, foraminifera tests, sponge spicules,
broken mollusk shells, ostracod carapaces, echinoid spines, and fecal pellets. Tube
accretion and growth becomes spiral, and the opening of the tubes are flared. This gives
the colony a honeycomb-like appearance. Tube lengths are optimally at 10 cm, but
lengths of 15-30 cm are reported. P. caudata has been observed to build a ten-inch thick
encrustation on boulders in a 6-week interval (Kirtley, 1966, 1968; Kirtley & Tanner, 1968;
Gram, 1968). Damages tubes are quickly repaired. Kirtley (1966) reports that tubes
crushed under humans footprints were fully restored within 24 hours.
The worms also selectively concentrate heavy mineral grains into their tubes, presumably
as a sort of ballast. These heavy mineral sand grains include epidote, staurolite, and
ilmenite-magnetite (Kirtley, 1968). Gram (1968) documents a 10-fold increase in heavy
mineral concentration in the worm tubes relative to the centration of heavy minerals in
the adjacent beach sands. Multer and Milliman (1967) indicate that there is a
concentration of sediment finer than 62 microns, also significantly higher relative to the
concentration of this size sediment in the local beach sand. These finer grains evidently
function as a “mortar” to fill the areas between coarser grains.
Some sabellariid reefs (e.g, coastal Brazil and in SW India) can extend for thousands of
kilometers (Pandolfi and Kirtley, 1998). Kirtley and Tanner (1968) document 320 km of
near continuous exposure along the southeastern coast of Florida. They occur in several,
shore-parallel ridges up to 10 m depth, interrupted by many erosional surge channels. As
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Figure 4—General orientation of worm reef from the intertidal- to shallow-subtidal
zone (about 10 m depth) (from Kirtley, 1968).

_____________________________________________________________________________

Figure 5—Two illustration of the anatomy and tube morphology
of Phragmatopoa caudata. From Kirtley (1968, left; 1966, right.)
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such, these worm reefs qualify fringing reefs (or shore -reefs) in Charles Darwin’s (1896)
terminology. The P. caudata reefs are clearly associated with Anastasia Formation beach
rock. But they may be instrumental in the actual formation of beach rock. Kirtley and
Tanner (1968) claim that the worms create beach rock by facilitating calcium carbonate
cementation of the debris that has been accumulated to make their tubes. The worms
certainly do construct rock. Multer and Milliman (1967) document well-rounded, lithified
fragments or worm-reef rock up to 50 cm diameter located on beaches hundreds of meters
from the nearest living reef. The relation of worm reef growth to beach rock lithification
deserves further research, as Kirtley and Tanner suggest.
Like other coastal reefs, the worm reefs have proved to be formidable nautical hazards.
The most famous worm reef shipwreck must be the Reformation in 1696, just north of
Jupiter Inlet. Jonathan Dickinson and 24 castaways survived but spent one and a half
terrifying months among hostile Indians. This important historic event is documented in
Dickinson’s journal, God’s Protecting Providence, and is considered a classic in the early
literature and history of Florida (Kirtley, 1968).
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A Floridian’s guide to Algae

The state of Florida is in the midst of an algae identity crisis. On a daily basis, we are bombarded with unfamiliar
terminology – algae; blue-green algae; cyanobacteria; Microcystis; red tide; Sargassum. So what do these terms
mean, and how do they relate to you?
“Algae” is a general term that refers to a very broad group of plant-like organisms. Adding to the confusion are
cyanobacteria, which are sometimes called “blue-green algae.” While cyanobacteria are outwardly similar to
algae, they are actually a type of primitive bacteria. There are tens of thousands of different species of algae and
cyanobacteria on Earth. Some species are tiny single-celled organisms that can only be seen with a microscope
(‘microalgae’). Other species, like giant kelp, are large enough to create their own ecosystems. These larger
species of marine algae are often called “seaweeds” or macroalgae.
Similar to plants, algae and cyanobacteria use sunlight, carbon dioxide, and nutrients like nitrogen and
phosphorous to fuel their growth, giving off oxygen in the process. In fact, the oxygen in Earth’s atmosphere was
originally created by cyanobacteria early in our planet’s history. Many types of algae play important roles in the
environment (e.g., providing food and shelter for marine life). Some algae species are even consumed by humans.
Unfortunately, a number of algae and cyanobacteria species are considered “harmful.” These species are capable
of causing severe ecological damage, and can affect human health, especially when they “bloom” or occur in
unusually high concentrations. Below is a short summary of important algae-related terminology.
Cyanobacteria (also called “blue-green algae”)






A primitive group of organisms that are actually a type bacteria.
Can live in many different environments, including fresh water, brackish water, and salt water.
Can produce a wide variety of toxins. These toxins can have acute and chronic health effects.
Not all cyanobacteria are harmful, and a bloom of cyanobacteria can rapidly switch from “non-toxic” to
“toxic.”
Humans can be exposed to these toxins through direct contact (e.g., swimming, fishing, drinking) or
through inhalation. Pets and wildlife are also affected by toxins produced by cyanobacteria.

Microcystis aeruginosa (one type of cyanobacteria)










A specific species of microscopic cyanobacteria
This is the neon-green species that blooms in Lake Okeechobee and is transported to the St. Lucie and
Caloosahatchee Estuaries through human-made drainage canals.
Historically, Microcystis has NOT been detected in those estuaries unless Lake Okeechobee discharges
were occurring.
Thrives in warm, nutrient-rich fresh water, but can survive in low-salinity brackish water.
Excessive levels of nutrients, particularly nitrogen and phosphorous, fuel the rapid growth of
cyanobacteria like Microcystis.
Sources of these nutrients include agricultural and residential fertilizer runoff, as well as septic tank and
wastewater treatment plant discharges.
Microcystis produces a number of toxins that are harmful to humans and wildlife, including microcystin
and BMAA.
Acute exposure to microcystin can cause a variety of symptoms, including skin rash, burning eyes, runny
nose, coughing, headache, vomiting, or liver failure.
Chronic exposure to BMAA has been linked to neurodegenerative diseases like Parkinson’s Disease,
Alzheimer’s Disease, and ALS.
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The State of Florida tests water for the presence of the toxin microcystin, but currently, fish, shellfish, and
sediments are NOT being tested. The state is NOT testing for the presence of BMAA.

Florida Red Tide (a type of harmful marine algae bloom)











A bloom of a specific species of microscopic algae – Karenia brevis. Karenia is a type of algae known as a
dinoflagellate. Red tides in other parts of the world are caused by different algae species.
The Florida red tide occurs in salt water – Karenia cannot survive when salinities get too low.
While red tides generally start offshore in the Gulf of Mexico, winds and currents can move these algae
blooms into nearshore areas where they cause tremendous environmental and economic harm. Red tide
blooms can last for many months.
Red tides have been documented in the Gulf of Mexico for hundreds of years, but it is extremely likely
that today’s red tides are being exacerbated by excessive levels of nutrients pouring into coastal waters
from land-based sources (e.g., fertilizer, sewage, phosphate mining).
During severe blooms, red tide algae are sometimes carried from the Gulf of Mexico to Florida’s east
coast by ocean currents.
A red tide can cause ocean waters to appear red, brown, or green.
The algae species responsible for the Florida red tide produces a potent neurotoxin that can cause mass
mortality events in fishes, sea turtles, manatees, and dolphins.
In humans, even brief exposure to this toxin can cause skin irritation, burning eyes, coughing, or difficulty
breathing. Wind can carry airborne toxins a considerable distance from the ocean. Consuming
contaminated bivalve shellfish (e.g., clams, oysters) can cause neurotoxic shellfish poisoning.

Sargassum (a type of macroalgae or “seaweed”)







A type of coarse, fibrous algae that sometimes washes up on Florida beaches. Often found piled up at the
high tide line, fresh Sargassum is a golden yellow color, darkening to brown or black as it dries up.
The Sargassum species that typically appear on Florida’s shorelines normally occur as thick floating
patches in the open ocean, where they provide an important home for fish, sea turtles, and crustaceans.
Wind and ocean currents can carry floating Sargassum for thousands of miles.
In recent years, certain Caribbean islands have experienced an unprecedented influx of Sargassum
washing onto beaches. It has been suggested that increased nutrient levels in the ocean (caused by
human actions) may be responsible for this increase in Sargassum abundance.
While Sargassum is not considered toxic, it can still have ecological and economic impacts. Beaches
covered in Sargassum are not hospitable for wildlife, including nesting sea turtles and shorebirds. The
strong odor of rotting Sargassum negatively affects tourism.
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Printed Map and Directions
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