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 The Florida Reef Tract in Southeast Florida is made up of hard-bottom 

formations. The shape and size of the tract is constantly changing. One major factor 

contributing to these changes is the movement of sand. This is influenced by location-

based, human-induced, and natural factors. These shifting sands cover or uncover reef 

structure. Images of the Florida Reef Tract in Palm Beach County were analyzed by the 

Department of Geosciences at Florida Atlantic University, using a partially automated 

method of mapping. There are notable changes in reef structure throughout the years 

2004-2006, in which many major storm events occurred in the region. A time series 

analysis was conducted throughout these years.  Losses and gains of reef structure were 

quantified and compared throughout the county as a whole, in beach renourishment 

project areas, and inlet intervals. Trends suggest that the major storms of 2004-2006 may 

have had effects on the reef tract.
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I. INTRODUCTION 

The Palm Beach County nearshore reef tract is a portion of the much larger Florida 

reef tract. “The reefs are long, narrow hard-bottom formations that parallel the shore 

along the Atlantic coast of southeastern Florida. In parts, the hardbottom is colonized by 

living worm reef. Throughout these reefs, sponges, soft and hard corals, and algae 

adhere to the hardbottom surface.” (Makowski, Christopher, et al, 2005) 

This reef tract is the third largest in the world. These reefs formed 5,000-7,000 years 

ago after the last Ice Age. The Palm Beach County reef tract is a unique aquatic 

habitat. The reefs themselves are frequently covered up and exposed by shifting 

sands in its environment. Reefs provide homes and shelter for many species of 

marine animals. Many species of fish spend large parts of their lives in and near 

reefs.  

- (Southeast Florida Coral Reef Initiative, 5) 

 

 

 

 

 

 

Figure 1. The Florida Reef 

Tract 
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Figure 2. The Florida Reef Tract in Palm Beach 

County 

Sand Transportation 

Daily and seasonal variations in waves, winds, and tides all affect the movement of 

underwater sand. Throughout history, as inlets (such as the natural Jupiter and Boca 

inlets, as well as the manmade Palm Beach and Boynton inlets) were created or 

modified, reefs have been impacted by the shifting of sands. Beach nourishment 

projects, dredging, and major storm events all have effects on these sands. Dredging can 

cause negative impacts on 

reefs by suspending 

sediments, thus reducing 

water quality and clarity 

which life on reefs need to 

survive. Beach 

nourishment projects can 

have negative impacts by 

moving large amounts of 

sand from offshore to the 

coast, covering reefs and contributing to the natural transport process. 

Ecological and Economic Value 

There is an enormous ecological value placed on the Florida reef tract. The reefs act 

as an offshore shield that, along with sand bars, slows the rate of beach erosion as well 

as decreases the magnitude of wave impact on the shore. This is especially beneficial in 

protection during hurricanes and other violent storms. “Corals are also credited with 

removing and recycling atmospheric carbon dioxide, excessive amounts of which 
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contribute to global climate change. (Southeast Florida Coral Reef Initiative, 6) The 

Florida reef tract is also home to a large, endangered green sea turtle (Chelonia mydas 

L.) population. A study has revealed “that juvenile green turtles occupy stable home 

ranges along the nearshore worm-rock reefs of Southeast Florida, during the summer and 

fall…Turtles tracked at Palm Beach inhabited an algae-rich localized patch reef system.” 

(Makowski, Christopher, et al, 2006) Loggerhead turtles (Caretta caretta) are also 

endangered and are found in many locations across the world. “Florida is the most 

popular nesting site with over 67,000 nests built per year.” (Spotila, James R.) A third 

endangered turtle species is the hawksbill (Eretmochelys imbricata). “Hawksbills are 

widely distributed throughout the Caribbean Sea and western Atlantic Ocean, regularly 

occurring in southern Florida…” (http://www.nmfs.noaa.gov) The leatherback sea turtle, 

also endangered, is not only found in south Florida but it is also the “most widely 

distributed of all sea turtles. Found world wide with the largest north and south range of 

all the sea turtle species.” (http://www.conserveturtles.org)  

The Florida reef tract also has a large economic value in regards to tourism. Every 

year thousands of tourists come from all across the country and enjoy the reefs. They do 

this by scuba diving, snorkeling, going in glass-bottomed boats, and fishing in the reef 

ecosystem. All of these leisure activities provide a large source of revenue to Florida‟s 

coastal communities. “A study of natural and artificial reef usage in southeast Florida 

showed that Florida‟s reefs contribute 1.8 billion dollars in income and 61,000 jobs to 

the local economy each year.” (Southeast Florida Coral Reef Initiative, 4) 

 

 

http://en.wikipedia.org/wiki/Florida
http://www.nmfs.noaa.gov/
http://www.conserveturtles.org/
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Palm Beach County Reef Mapping Project 

Palm Beach County is monitoring the extent of its nearshore reef tract due to the 

large ecologic and economic value it has to the county. The data that is collected is used 

as a form of guidance in terms of management of the coastline as well as for future 

projects. 

In order to gather the data, The Palm Beach County Department of Environmental 

Resources Management (ERM) had contracted Florida Atlantic University to fulfill the 

objectives. A partially automated method of digitizing the Palm Beach County reef tract 

in a GIS database was developed.  

The above applications represent instances in which reef mapping can be used 

provide vast amounts of information for the preservation of reefs and coastal 

environments. After studying data, scientists may, for example, perhaps decide to adjust 

portions of the Comprehensive Everglades Restoration Plan (CERP) to be more 

beneficial to reef environments in Florida Bay. There could be more public education 

and awareness projects as more is learned about reef habitat destruction due to human-

induced factors. Also, this data could prove useful in determining whether or not to 

cleanup rubble or add artificial reefs to struggling reef habitats.  

The objective of this thesis is to quantify the area of losses and gains of hard-bottom 

reef structure through time (before, during, and after the major storm years of 2004-2006 

in the Palm Beach County reef tract. 

Major Storm Events 

  In studying major storm events and their impacts on the Florida Reef Tract, the 

years 2004-2006, in which a series of strong tropical cyclones struck Southeast Florida, 
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were assessed. The storms with the greatest impacts on the state‟s eastern shoreline, 

whether making a direct landfall or not, were studied. The effects of these storms may 

have had an impact on the sediments and sand along the Florida Reef Tract in Palm 

Beach County. In this thesis, losses and gains of hard-bottom reef structure through time 

(before, during, and after the major storm years of 2004-2006) in the Palm Beach 

County reef tract are analyzed. 

2004 

A. Hurricane Frances 

Hurricane Frances formed from a tropical depression originating on August 26
th

, 

2004 about 1400 miles east of the Lesser Antilles. As the storm moved towards the 

northwest, it was at Category 2 (96-110 mph winds) strength over the northwest 

Bahamas. The storm then stalled for about 12 hours before making landfall on the east 

coast of Florida on September 5
th

, 2004. 

The long path of the storm, as well as it stalling between Grand Bahama Island 

and the east coast of Florida, as well as a 2-4 foot storm surge, allowed strong 

waves to pound the beaches. The storm eventually made landfall at 11:00 PM 

near Hutchinson Island between Martin and St. Lucie Counties. However, the 70-

mile wide eye allowed for hurricane-force winds and gusts to be measured deep 

into Palm Beach and Broward Counties. In West Palm Beach, maximum 

sustained winds measured 64 mph with gusts to 82 mph.  

- (http://www.noaa.gov) 

http://www.noaa.gov/
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In the aftermath of the storm, beach evaluations showed high levels of beach 

erosion in many beaches. Sand was washed away by wind-driven waves and the storm 

surge. The erosion had 

been ongoing from days 

before the storm even 

made landfall. Boca 

Raton had one of the 

worst-hit beaches. 

“Hurricanes Frances and 

Jeanne took a bite out of 

Boca Raton's beaches, 

more than 640,000 tons of  

sand, and set back efforts to restore the eroded coastline…It has shrunk from 120 feet to 

about 75 feet…” (Abbady 1) People who have been frequenting the beach in Boca Raton 

have noticed big changes as a result of this storm. 

“On the beach at Red Reef Park, lifeguard Steve Griffith, 43, sat in his wooden 

tower one day after Frances hit. He gazed down - way down - at the beach. I'd 

say we lost 6 to 8 feet of sand right here," he said. "I've been doing this 21 years, 

and this hurricane was the worst I've seen as far as erosion."”  

- (Abbady 1) 

According to reports in the Sun Sentinel, the most severely-damaged beaches 

were in Boca Raton and Delray Beach.  

 

Figure 3. Hurricane Frances Storm Track 
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Figure 4. Hurricane Frances Satellite Image 

“In Palm Beach County, the storm caused the most beach erosion in Boca Raton 

and Delray Beach, said Robert Clinger, Palm Beach County erosion control 

coordinator. The hurricane trimmed Boca Raton's newly widened central beach 

from 200 feet to 75 feet, said Rick Spadoni, the city's beach consultant… Delray 

Beach lost 75 to 100 feet of beach.” 

- (Fleshler and Santaniello 1) 

 Besides Boca Raton, the City of Boynton Beach had also been affected by beach 

erosion. “Erosion damaged 

Oceanfront Park in Boynton 

Beach, as well, according to 

city spokesman Wayne 

Segal.”We've lost about 

four and a half feet 

vertically and about 40 feet 

horizontally," he said.” 

(Meyer and Davies 1) 
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Figure 5. Hurricane Jeanne Storm Track 

B. Hurricane Jeanne 

Hurricane Jeanne formed from a tropical depression originating on 

September 13
th

, just east of the Leeward Islands. The storm became a hurricane 

on September 20
th

, 2004. It was at Category 3 (111-130 mph winds) strength 

over the northwest Bahamas.  

The storm had a 2-4 foot storm surge, again allowing strong waves to 

pound the beaches. The storm made landfall at 11:00 PM on September 25
th

, 

2004 near Hutchinson Island, similar to Hurricane Frances three weeks prior. In 

West Palm Beach, maximum sustained winds measured 60 mph with gusts to 92 

mph. 

-  (http://www.noaa.gov)  

 The City of Boynton Beach faced a lot of beach erosion in the aftermath of 

Hurricane Jeanne. A new 

beach nourishment 

project was implemented 

about a year after the 

storms.  

 

 

 

 

 

 

 

 

 

http://www.noaa.gov/
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Figure 6. Hurricane Jeanne Satellite Image 

The beach volleyball court at Oceanfront Park was dismantled before last year's 

hurricanes so that waves wouldn't carry it out to sea. After the storms passed, however, it 

was never restored. That's because Frances and Jeanne eroded so much sand that there 

was no longer enough room for beach volleyball games… That's good news to Boynton 

Beach‟s aquatics manager, John Bebensee, who said the beach has narrowed to less than 

30 feet in some spots. „At high tide, it's probably no more than 10 feet at its narrowest 

spot,‟ said Bebensee, who runs the park. 

-  (Waresh 1) 

 Singer Island beaches also took an exceptional hard hit from Hurricane Jeanne. A 

condominium there was dangerously close to the ocean. “Aquarius condominium at 

5440 N. Ocean Drive is perched on a cliff of sand, just 11 feet from the edge… 

Hurricane Frances took 

about 10 feet of sand that 

buffered the condo from 

the ocean. Jeanne took 

another 10 feet, leaving 

just a small strip of grass 

separating the condo from 

the sandy cliff.” 

(Stapleton 1-2) 
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2005 

A. Hurricane Katrina 

Hurricane Katrina formed from a tropical depression originating on August 22nd, 

2005 near the central Bahamas. The storm moved slowly to the northwest and became a 

hurricane on August 25
th

, 2005. Katrina was at Category 1 (74-95 mph) strength.  

Hurricane Katrina made landfall near the Broward/Miami-Dade county line at 6:30 

PM on August 25
th

, 2005, only a few hours after being officially declared a 

hurricane. The storm had a 1-2 foot storm surge. In West Palm Beach, maximum 

sustained winds measured 36 mph with gusts to 43 mph. 

-    (http://www.noaa.gov) 

Beaches across 

South Florida lost sand 

due to intensified wave 

action. Shortly before 

the storm, Broward 

County had recently 

completed a beach 

renourishment project. 

“The work was just 

completed in Hallandale 

Beach, where the hurricane made landfall. It tore away 10 to 25 feet of the new sand, 

said Steve Higgins, the county's beach erosion administrator.” (Fleshler 2) 

Figure 7. Hurricane Katrina Storm Track 

http://www.noaa.gov/
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Figure 8. Hurricane Katrina Satellite Image 

Hurricane Katrina had less of an effect on beach erosion in southeast Florida due 

to its rapid formation and landfall. Again, when discussing Hallandale Beach, Broward 

County‟s beach erosion administrator said “"The beach is still wide enough, with parts 

more than 100 feet wide," he said.”It's a blow to the beach, but not a big one."” (Fleshler 

2) 

 

 

 

 

 

 

 

 

B. Hurricane Rita 

Hurricane Rita formed from a tropical depression originating on August 

18
th

, 2005 near the southwest Bahamas. The storm moved towards to the 

northwest and became a hurricane on September 20
th

, 2005, as it approached the 

Florida Keys. Rita was at Category 2 (96-110 mph winds) strength as it passed 

south of the Florida mainland.  

Hurricane Rita did not make landfall on the Florida mainland. In southern 

Palm Beach County, maximum sustained winds measured 28 mph with gusts to 

54 mph.  

- (http://www.noaa.gov) 

http://www.noaa.gov/
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Figure 10. Hurricane Rita Satellite Image 

While Hurricane Rita did not make landfall on the southeast coast of Florida, it 

traveled a long distance 

towards the area since 

its generation in the 

southeastern Bahamas. 

There was no storm  

 surge caused by Rita, 

but due to the storm‟s 

close proximity to 

Florida, the state‟s 

shorelines were 

subjected to waves 

caused by the storm.  

In Deerfield 

Beach and Hillsborough 

Beach, offshore reefs 

had become covered 

after the recent storms 

Katrina and Rita sent 

strong waves up the 

South Florida coast. “An 

offshore reef free of sand 

six months ago is now  

Figure 9. Hurricane Rita Storm Track 
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buried in the stuff… State and Broward County officials say the damage is storm-

related…. Last week, Vladimir Kosmynin, an environmental specialist with the state's 

Department of Environmental Protection, did some diving of his own to investigate 

Stetz's claim. Kosmynin, an expert in coral reef and hard-bottom communities, 

determined the sand migrated onto the reef when hurricanes battered the coast this 

summer.” (Bryan 1) 

Also, there was beach erosion in Palm Beach County. There, nourished beaches 

fared better than beaches that had not yet been replenished from the storms of 2004. 

“Overall, while effects of this year's storms varied from beach to beach, those that were 

replenished after taking poundings in last year's hurricanes had the advantage when 

Katrina and Rita came calling… It doesn't include Boynton Beach, due for 

renourishment this year. That city's shoreline had not completely recovered from last 

year's hurricane drubbings when it was hit by this year's successive storms, city beach 

manager John Bebensee said. Now, he said, the beach looks worse than it did after 

Jeanne. "We did lose a good chunk," he said. "The waves came into the dune." 

(Antigone 1)  

C.  Hurricane Wilma 

Hurricane Wilma formed from a tropical depression near Jamaica on 

October 15
th

, 2005. The storm moved towards to the northwest and became a 

hurricane on October 17
th

, 2005. Wilma was at Category 4 (131-155 mph winds) 

strength as it struck near Cozumel, Mexico. After leaving the Yucatan Peninsula, 

Wilma took a northeast track towards southwest Florida.  
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Figure 11. Hurricane Wilma Storm Track 

Hurricane Wilma made landfall on the southwest coast of Florida near 

Everglades City at Category 3 (111-130 mph winds) strength. Wilma continued a 

northeast track and eventually exited the mainland through Palm Beach Gardens. 

In West Palm Beach, maximum sustained winds measured 82 mph with gusts to 

101 mph. there was minor storm surge on the east coast of Florida. 

- (http://www.noaa.gov) 

While Hurricane Wilma struck the west coast of Florida, it caused some strong 

wave action and erosion 

as it exited the east 

coast. Palm Beach and 

Broward Counties 

suffered the most 

damage. 

 Delray Beach 

lost some of its sand to 

the waves. “The beach 

suffered some erosion, 

but is open, said Joe Weldon, director of the city's parks and recreation department.” 

(Haase 2) Luckily, Delray Beach had been renourished the Spring before Wilma, to 

repair the erosion caused by the storm events of 2005. “In Delray Beach , renourished 

this past spring, lifeguard Conor Gorman said the city lost about 40 percent of its beach 

…‟I was surprised that we lost that much,‟ Gorman said, from the South 1 tower.” (de 

Rivera 1)  

http://www.noaa.gov/
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Figure 12. Hurricane Wilma Satellite Image 

 

 

 

 

 

 

 

 

 

 

 

 

2006 

A. Hurricane Florence 

Hurricane Florence formed from a tropical depression originating on 

September 3
rd

, 2006 near the central Atlantic Ocean. The storm moved towards 

the northwest and became a hurricane on September 10
th

, 2006. Florence was at 

Category 2 (96-110 mph winds) strength at its peak. 

Hurricane Florence did not make landfall in the United States. As the 

storm approached Puerto Rico it turned northward towards Bermuda.  

 

-  (http://www.noaa.gov) 

 

 

http://www.noaa.gov/
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Figure 14. Hurricane Florence Storm Track 

Figure 13. Hurricane Florence Satellite Image 

While Hurricane 

Florence remained far 

away from Florida‟s 

coastline, its effects 

were still felt 

throughout much of the 

coast. An article in the 

Sun Sentinel discussed 

the impact of Hurricane 

Florence. "Florence was 

huge and the swell was 

helped along by another 

weather 

system…Lifeguards on 

Wednesday strung red 

and yellow flags on their 

towers as foamy, 

emerald-green waves 

pounded the shore and in 

some places, sucked 

chunks of beach back 

into the ocean with them. Generally, the waves were bigger and stronger to the north. 

„We've been looking at our webcams and [the waves] are still pretty big,‟ Pfost said 
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Wednesday evening while looking at a video feed from Jupiter. „Some waves 

approached 10 feet‟." (Tejedor 1-2)  The effects on the beaches were not to the extent of 

hurricanes which have made landfall on Florida, but there still were swells that pounded 

the shoreline.  

Beach Renourishment Projects 

In this thesis, the six areas in Palm Beach County where multiple beach 

renourishment projects have been done throughout the study years are analyzed and 

compared with the county as a whole and also with each project area‟s respective inlet 

interval.   

In the Jupiter Project Area, Jupiter Inlet maintenance dredging put “58,000 cubic 

yards” of sand on the beach in 2005, “80,000 cubic yards” in 2006, and “70,000 cubic 

yards” in 2007. (http://www.co.palm-beach.fl.us/erm) Some of this sand may or may not 

have had effects on coverage of reef structure in the area.
 

The last beach renourishment project relative to this study in the Juno Beach 

Project Areas was completed in “March of 2001.” (http://www.co.palm-beach.fl.us/erm/) 

“About 25,000 cubic yards” of sand were pumped onto the beach. ( http://www.co.palm-

beach.fl.us/erm/) This renourishment project occurred three years before the major 

storms of 2004. A larger portion of sand put ashore from this project may have already 

been washed away by 2004 compared to other project areas with more recent projects.  

The Singer Island Project Area has had sand dune renourishment projects in each 

of the major storm years. In 2004, 13,000 cubic yards of sand were placed on the beach. 

In the next year, 56,000 cubic yards of sand were placed on the beach, followed by 

100,000 cubic yards in 2007 and also in 2008. 

http://www.co.palm-beach.fl.us/erm
http://www.co.palm-beach.fl.us/erm/
http://www.co.palm-beach.fl.us/erm/
http://www.co.palm-beach.fl.us/erm/
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In the South Palm Beach Project Area in February 2005, 3,132 cubic yards of 

sand were placed on the beach to combat the erosion from Hurricanes Frances and 

Jeanne. (http://www.southpalmbeach.com) This was done before the 2005 mission was 

flown. In December of that same year, another beach renourishment project in South 

Palm Beach was done. (http://www.southpalmbeach.com)  An additional “5,814 cubic 

yards” of sand was placed onto the beach. (http://www.southpalmbeach.com) This 

project was done to replace the beach erosion caused by Hurricanes Katrina, Rita, and 

Wilma in the fall of 2005.   

In the South Lake Worth Inlet Management Project Area, “a minimum of 60,000 

cubic yards of sand” is placed onto the shore annually. 

(http://www.dep.state.fl.us/beaches) This is done with the inlet transfer plant, located at 

the South Lake Worth (Boynton) Inlet.  

The last beach renourishment project related to this study in Ocean Ridge was 

completed in December of 2005. “Approximately 558,000 cubic yards” were placed on 

the beach. (http://www.dep.state.fl.us/beaches) 

These beach renourishment projects, along with the six major storm events of 

2004 and 2005, may have lead to some of the sand in the shallow water to be shifted 

away. This, in turn, exposed a great amount of reef in deeper water that was previously 

covered. At the same time, this new sand on the beach may have lead to some reefs 

being covered. The structure of the sand particles retrieved from borrow areas sometimes 

are either coarser or finer than the natural sand on the shore. Their structure can lead the 

particles to be eroded and suspended differently. 

 

http://www.southpalmbeach.com/
http://www.southpalmbeach.com/
http://www.southpalmbeach.com/
http://www.dep.state.fl.us/beaches
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II. LITERATURE REVIEW 

In this literature review, three key areas of reef mapping will be explored. These 

include: applications of reef mapping, methods of mapping reefs, and methods of 

performing time series analyses of reefs.  

a. Applications of Reef Mapping 

There are many reasons why reef mapping projects have been done. One of the main 

reasons for these projects is to study changes in reef structure. Changes in reef shape and 

size are attributed to a variety of factors. One of these factors is the location of a reef 

habitat in relation to the shoreline. Other location-based causes of shifts in reefs relate to 

fisheries, boating, and tourism. The immediate nearby environment also plays a role in 

reef structure. Adjacent or contiguous elements can alter, either harmfully or 

beneficially, a reef tract. Another factor that causes changes in size and shape of reef 

tracts is a major storm event. This will be the main focus of this thesis. 

Effects of Shore Proximity 

Spatial analyses of patch reefs in the Florida Keys have been done to study structural 

changes in relation to shore proximity in coastal bays. “In the Florida Reef Tract, corals 

on patch reefs closest to shore have well-spread population structures numerically 

dominated by intermediate to large colonies while offshore populations show narrower 

size-distributions.” (Lirman and Fong, 788)  Also, the results of this study were 

compared 
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to other, similar studies elsewhere. “Over the past three decades, the rate of decline in 

coral abundance in Florida has mirrored patterns reported elsewhere.“ (Lirman and 

Fong, 786) A factor concerning marine biologists is that the Comprehensive Everglades 

Restoration Plan (CERP) may pose a threat to the reef habitat.  

One of the proposed goals of the restoration efforts is to increase fresh water inputs 

from upland sources into Florida Bay and Biscayne Bay to recover lost estuarine 

conditions. The proposed increased flow of freshwater from source areas with high 

human development and intense agricultural activities has raised concerns about 

future changes in water quality and potential increases in the concentration of 

nutrients and pollutants within coastal lagoons and adjoining reef habitats.  

 

-  (Lirman and Fong, 780) 

The application of reef mapping in these areas analyzes the effects of Everglades and 

urban outflow in regards to their detrimental effects on patch reef systems. 

Monitoring Stress 

Reef mapping can be used to detect small-scale changes in reef habitats. A study was 

done off the northern coast of the Dominican Republic to research the stress of, and 

damage to the local reef habitat.  

This study shows that the coastal waters and coral reefs on the north coast of the 

Dominican Republic are still in good condition-complex in structure and rich in 

marine life. But evidence of environmental stress is also evident-patches of 

brightening and other bottom disturbances, and for the inhabitants, decreasing fish 

catches and declining areas of man-groves. 

-  (Stoffle, Richard W., et al. 374) 

The “patches of brightening” that the researchers are referring to are areas of coral 

bleaching. While bleaching is an indicator of environmental stress, it should not be relied 

on as the sole indicator of stress. “Coral reef bleaching is an obvious indication that 

coastal marine ecosystems are being stressed. However, bleached reefs alone are poor 
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indicators because they reflect the final stages of stress.” (Stoffle, Richard W., et al. 355) 

Also, due to location and proximity to tourism-centers, urban centers, and large fisheries, 

reef habitat can be negatively affected both directly and indirectly by human activities. 

“Comparisons of satellite imagery with marine and ethnographic data showed that 

changes in coastal bottom reflectivity from 1985 to 1989 were closely related to fishing, 

tourism, and land use practices.“ (Stoffle, Richard W., et al., 374)   

Effects of Surrounding Elements 

A study done in eight reef habitats in the Florida Keys was completed utilizing both 

remote sensing and in situ ground-truthing techniques.  

Here, we utilize an 18-year time series of Landsat 5/TM and 7/ETM+ images to 

assess changes in eight coral reef sites in the Florida Keys National Marine 

Sanctuary…classification was trained for four habitat classes („coral‟, „sand‟, „bare 

hardbottom‟ and „covered hardbottom) using in situ ground-truthing data collected in 

2003–2004 and using the spectral statistics from a 2002 image. 

 

-  (Palandro, David A., et al. 3388) 

Gathering data from satellite aerial imagery, when used in conjunction with 

ground-truthing, can produce an abundance of information about reef habitats and 

structure. “The comparison between satellite-derived and in situ benthic data provides a 

strong argument for continuing the use of remote sensing for monitoring coral reef 

habitats.” (Palandro, David A., et al. 3397) There are many factors within nearby 

environments which can lead to a decline of reef habitats. Besides mapping reef tracts 

themselves, mapping nearby elements in their surrounding environments may lead to 

clues as to why they are declining. Reef habitats can become damaged and fragmented 

due to disease or catastrophic events.  
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This fragmented state can be permanent or temporary. However, it implies that 

for a certain amount of time, coral diversity, habitat diversity and ecosystem 

processes can be degraded due to decreasing connectivity between regions, reefs 

and habitats. This can lead to a shift towards less complex, less diverse systems. 

 

- (Palandro, David A., et al. 3388) 

 

b. Methods of Mapping Reefs 

There are many different methods used when mapping structures of reefs. Almost all 

methods use, at least to some extent, aerial imagery. From these images, many different 

remote sensing techniques can be used to analyze and map reef habitats. Another method 

of mapping reefs includes the use of sonar. This is especially useful in cases when not 

enough information can be interpreted from aerial imagery alone. Laser bathymetry is 

yet another reef mapping method. This can give detailed information about topography.  

Optical Remote Sensing 

Optical remote sensing methods use aerial imagery to collect data on reef structures. 

These are some of the most widely-used methods. “Since field surveys are 

usually too time consuming and expensive to conduct over a continuum of scales, 

remote sensing must be used to scale-up field observations.“ (Mumby, Peter J., et al., 

219) Optical remote sensing methods however, are ill-suited for detecting deep-water 

reef structures. “Optical remote sensing methods typically penetrate clear waters to 

approximately 15–30 m.” (Mumby, Peter J., et al., 220)  

There are limitations to optical remote sensing methods of mapping, such as 

suspended sediments or organic particles. These can affect the clarity of an image. 

Another limiting factor to remote sensing is turbidity of water. “Most coral reef remote 
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sensing has used optical sensors which are of very limited value in high turbidity 

environments. These limitations are now being overcome through the deployment of 

acoustic remote sensing methods.” (Mumby, Peter J., et al., 220) Acoustic remote 

sensing methods will be discussed later in this thesis. Reefs that have a disease which 

causes bleaching appear white and lifeless. Besides only finding bleached reefs through 

on-site studies, remote sensing has also been used to study coral bleaching in reef 

habitats. “In situ studies of coral spectra reveal that severely bleached and non-bleached 

corals differ in their colour or „spectral signature‟” (Mumby, Peter J., et al., 223) Optical 

remote sensing is being more and more utilized in studying reef and other coastal 

habitats.  

Remotely-sensed data are becoming progressively more diverse and useful. As 

time goes on, climatological time series data derived from remote sensing 

products become ever more meaningful and better able to distinguish acute 

disturbance from typical fluctuations in the marine environment. 

 

- (Mumby, Peter J., et al., 227) 

 

Sonar 

The use of sonar technology is another method of mapping reefs. Sonar has some 

advantages over optical remote sensing methods. Low water clarity does not pose a 

problem to gathering information, and data can be collected at much greater depths. 

“Compared to optical methods, these sensors have the following advantages: (i) greater 

depth of penetration, (ii) unconstrained by optical water properties, and (iii) 

measurement of sea bed structure, which may be particularly important for specific 

organisms such as reef fish.” (Mumby, Peter J., et al., 220)  
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There are also some disadvantages to sonar technology in mapping reefs. Since sonar 

uses acoustics to relay information back and forth between the device and structures on 

the seafloor, it would be virtually useless in shallow water. There would not be enough 

space in between the two relay points to gather accurate data. Also, sonar is not 

applicable in large areas, due to its preciseness. Finally, sonar is usually unable to make 

distinctions between reef and various objects on the seafloor, such as rubble, artificial 

reef, and submerged groins. It also cannot detect colors. 

However, disadvantages of the methods include; (i) they cannot be deployed in 

shallow water (<0.5 m), (ii) they do not provide synoptic measurements over large 

areas and maps usually have to be generated by interpolating between acoustic 

tracks, and (iii) they are unable to discriminate benthos on the basis of pigmentation 

(colour). A recent study found that a few coral habitats could be discriminated using 

acoustic sensors and that map accuracies were comparable to those from Landsat TM 

(White et al., 2003). 

- (Mumby, Peter J., et al., 220) 

  

Laser Bathymetry 

A relatively new and highly sophisticated method for mapping reefs is the use of 

laser bathymetry. Laser bathymetry is often used as a foundation on which to lay other 

forms of data, such as aerial imagery or acoustic interpretations. When conducting a 

study on reef habitats in Broward County, Florida, laser bathymetry was combined with 

other forms of data to produce highly-accurate maps. “A mosaic of interpolated, sun-

shaded, laser bathymetry data served as the foundation upon which acoustic ground 

discrimination, limited subbottom profiling and aerial photography, and groundtruthing 

data aided in interpretation of habitats.” (Walker, Brian K. et al. 1138) The process of 

taking a bathymetric survey of the seafloor uses triangulation and sun-shade to grid a 

selected area of reefs. “The bathymetric data were gridded by triangulation with linear 

file://Brian
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interpolation, sun shaded at a 45º angle and azimuth, and fused with aerial photography 

of the land. This final image was used as the foundation for mapping.” (Walker, Brian K. 

et al. 1141)  

These are some of the main methods used for mapping reefs. Remote sensing of 

aerial and satellite photography is almost imperative to gaining insight of reef structure. 

Delineations can be made between what is, and what is not reef. Acoustic methods of 

mapping are primarily used when researching reefs in deeper or turbid water. Laser 

bathymetry utilizes aerial imagery for an enhanced view. It can give insight to topologic 

features of reefs on the seafloor.  

In mapping aerial images, reefs are often hand-digitized, pixel-by-pixel. This 

method, while achieving a high level of accuracy, is very time consuming. In the 

methodology chapter of this thesis, a new technique is explained, which improves 

productivity and greatly reduces man-hours needed for an analysis. This new technique 

was used in mapping the Florida reef tract in Palm Beach County and the same, if not 

greater levels of accuracy as traditional hand-digitizing techniques were achieved. 

c. Methods of Performing Time Series Analyses of Reefs 

In order to analyze changes in reef structure over time, time series analyses are 

done. There are many examples around the world where these analyses have been 

undertaken. Not all analyses however, are done in set time intervals or at set image 

sizes and resolutions. Some other factors that should be considered are tides and 

weather. If parameters such as these are not fixated in a rigid schedule and format, 

data could possibly be inaccurate.  

file://Brian
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The Kabira Reef 

The Kabira Reef, in Ishigaki Island, Japan, was analyzed in a time series by 

interpreting aerial photographs. Changes over a 21-year time period were analyzed. 

“The distribution of corals and their decadal change were observed in Kabira Reef, 

Ishigaki Island, Southwest Japan.” (Yamano, Hiroya, et al. 99) The aerial 

photography used in this study was taken in 1973, 1977, 1983, 1986, and 1994. This 

research was undertaken to study changes over twenty-one years, partly due to the 

effects of typhoons. “Accretion and removal of coral fragments are attributed to the 

wind direction of typhoons.” (Yamano, Hiroya, et al. 99)  

The researchers designated letters and numbers to represent different areas of the 

Kabira Reef. The lagoon behind the reefs was called the “moat”. Over the years, 

different patches of reefs (notably, Montipora digitata) started to appear and 

disappear.  

In the moat, in 1973, there were Montipora digitata patches of large extent in the 

moat from M-line to E-line, stretching themselves from M150 to M500 and from 

TI to TM. In 1977, the patches slightly increased and covered more than half the 

area of the eastern part of the moat. However, in 1983, almost all the patches 

disappeared. Neither were these patches seen in 1986. In 1994, the patches 

returned, stretching them-selves from M350 to M550, but their area is smaller 

than that in 1973 and 1977. These figures clearly show that there was some 

increase of Montipora digitata patches during 1973 and 1977, apparent 

disappearance of patches during 1977 and 1983, and some increase in patches 

during 1986 and 1994. 

-  (Yamano, Hiroya, et al.m 103) 

Changes to a nearby reef are believed by Hasegawa to be the results of urban 

development as well as predation from the crown-of-thorns starfish (Acanthaster 

planci ) 
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HASEGAWA (1993, 1998) suggested the change in Shiraho Reef, situated at the 

opposite side of Kabira Reef, was caused by anthropogenic factors: inflow of red 

soil through rivers into the moat due to land development. Acanthaster planci 

attacked Ishigaki Island during 1981 and 1983 (YAMAGUCHI, 1986). These 

disturbances can cause significant decline of corals in the moat. 

- (Yamano, Hiroya, et al. 107) 

On the other hand, Yamano argues that these factors cannot be the causes of changes 

in the Kabira Reef. “Kabira Reef has no rivers, and there also occurred an increase of 

coral patches in the western part of Kabira Reef during this period...Therefore, the 

change of patches cannot be explained by these two causes only.” (Yamano, Hiroya, et 

al. 107) 

A weakness of this time series analysis is the fact that the years in which aerial 

imagery was taken were not at a set interval. Changes cannot be studied in a set 

pattern.  

Key Largo 

In Key Largo, Florida, a time series analysis was conducted to study changes in 

reef habitats. “We assembled a time series of 20 Landsat thematic mapper images 

from 1982 to 1996 for Key Largo, Florida, to ascertain whether satellite imagery can 

detect temporal changes in coral reef communities.” (Dustan, Phillip, et al. 892) The 

researchers associate loss of reef on imagery not only as habitat loss, but they also 

attribute it to the possibility of algae colonization as well. “On the reefs, clear trends 

in decreasing patchiness would be consistent with the observed loss of corals and 

subsequent overgrowth of the substrate by algae.” (Dustan, Phillip, et al. 898) While 

many in marine biology studies perform field work on study areas, performing time 
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series analyses remotely can reduce time and expenses. Being able to look at a bigger 

picture could give scientists a new perspective on a reef habitat. 

Traditional marine science has always utilized in situ monitoring to detect 

community change, but the archival record of satellite-based information 

contains synoptic mesoscale information that could also be tapped to examine 

long-term environmental change in the coral reef ecosystems. This approach 

becomes more attractive when one considers the remoteness of most reefs and 

the expense of expeditionary travel. 

- (Dustan, Phillip, et al. 893) 

 Another focus of this project was to study the plausibility of using remote 

sensing to discriminate between reefs and algae. The researchers analyzed spectral 

data over time and compared the changes between images of different dates. 

Interpreting coral community change through an examination of spectral 

reflectance required some information on the optical properties of the reef 

community. In situ optical spectra suggest that reef corals can be distinguished 

from green and red algae on the basis of spectral reflectance and albedo (Holden 

& Ledrew 1998; Meyers et al. 1999). Likewise, reef habitats possess different 

spectral reflectances that can be used to generate habitat classifications and 

distinguish reefs from their surrounding substrates. 

- (Dustan, Phillip, et al. 898) 

The Great Barrier Reef 

In the Great Barrier Reef in Queensland, Australia, a 30-year time series study 

was done to observe how reef habitats fare under various disturbances. This study 

was focused on the reef tract near Heron Island. The researchers state that if an event 

happens at a certain time and place, its effects can be felt elsewhere. “For example, if 

wave action directly alters the reef topography in one location, this may affect 

patterns of water flow elsewhere.“ (Connell, Joseph H., 462) Following disturbances, 

the ability of reef habitats to recover to their pre-disturbance levels varies. If a 



29 
 

disturbance wipes out many species in a single habitat, it may be more difficult for 

that habitat to recover. 

After being reduced by disturbance, abundance may (or may not) subsequently 

recover towards its former level. Such a recovery (or constancy in abundance 

over time) does not necessarily imply that the assemblage has recovered to (or 

maintained) its former species composition or diversity. However, if an 

assemblage does not recover in abundance, it is unlikely to have recovered in 

species composition or diversity. 

- (Connell, Joseph H., 462) 

In the 30-year study, permanent study areas were set up. “To measure changes in 

distribution and abundance of corals under different environmental conditions, we 

established permanent study areas in different habitats arrayed across the reef.” 

(Connell, Joseph H., 464) Each study area over the time series analysis remained the 

same. “To permanently locate coral assemblages for long-term study, we established 

replicate 1-m
2
 quadrats using stakes (steel reinforcing bars, 9 mm diameter) driven in 

at the four corners.” (Connell, Joseph H., 464) The researchers made sure to keep 

consistency between each study area. All of the photographs were taken at low tide. 

“At low tide, color slide photographs were taken of these 1-m
2
 quadrats from 

vertically above…Thus, photographs at different dates, being taken from the same 

position, were comparable” (Connell, Joseph H., 464) Over the thirty year study, 

photography of the study areas were taken 23 times. Most of the photographs were 

taken around the same time each year. However, there were five of the 23 years in 

which the photographs were taking in a different season.  
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Thirty-five visits to Heron Island were made in 23 different years between 1962 

and 1992…Photographs were taken in winter to early spring (July, August, or 

September) in 18 years, and in summer to early autumn (November, December, 

or February) in the other five years. The fact that photographs were taken in 

different seasons had no effect on the results, since there is little seasonal pattern 

of change in coral abundance. 

- (Connell, Joseph H., 464) 

 There were two types of disturbances noted in this study. Acute 

disturbances, usually the results of violent storms, were usually followed by far 

greater reef habitat recovery rates. “When violent storms directly affected the corals 

but did not change the physical environment, recovery was rapid. The greater the 

proportion of individuals surviving, even in a damaged state, the faster the recovery.” 

(Connell, Joseph H., 480) Corals which suffered minor damage from wave action 

were usually not permanently damaged.  

While studying reef habitats in shallower water, the reefs were more susceptible 

to physical changes in the environment.  

Gradual declines in abundance, associated with increased exposure to air, 

occurred over a 20-yr period, as corals slowly grew above the low tide levels. In 

larger colonies, damage from aerial exposure often began as loss of tissue in the 

middle of the colony, gradually spreading over several years as the colony grew 

upward…Recovery of abundance was slow after a disturbance that directly 

altered the physical environment (e.g., >20 years as the Exposed Crest has slowly 

been eroded down). 

- (Connell, Joseph H., 481) 

 

Time series analyses are important to do because they show how reef tracts 

change over time. If there is a noticeable decline when compared to earlier years, 

new measures of protection may need to be implemented in order to reduce the 

degradation and promote the regeneration of reef habitat. These are just some of the 
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many examples of cases in which time series analyses could be implemented to 

gather information on habitat loss, among other environmental variables. 
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III. OBJECTIVE 

 The objective of this thesis is to map and analyze reefs along the Florida Reef 

Tract in Palm Beach County in a time series analysis and to perform a post 

classification comparison of reef coverage through years of major storm events 

(2004-2006). In addition, inlet intervals and beach renourishment project areas are 

also analyzed.
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IV. METHODOLOGY 

As stated earlier, Palm Beach County contracted Florida Atlantic University with 

mapping and analyzing the Florida Reef Tract in the county in a GIS database. Before 

this project, the county was using hand-digitizing techniques. These methods are very 

time consuming. The technique used at the University, utilizing Adobe Photoshop and 

Erdas IMAGINE, as well as ArcGIS, has decreased the time it takes to digitize the reef 

tract in Palm Beach County nearly eight-fold.  

The results of the university‟s work were compared to the hand-digitizing work done 

by the county in previous years. The university‟s mapping method must have shown 

95% or greater accuracy. Other nearshore properties, such as emergent rocks, wrack 

lines, and artificial reefs were to be digitized as well. For the purpose of this thesis, only 

the mapping of nearshore reefs in less than 18 feet of water was analyzed.  

Finally, the University was contracted with the task of analyzing and comparing 

reefs in a year-to-year basis, thus forming a time series analysis in which data can be 

compared, and changes can be clearly seen through various years. The years in which 

there is aerial imagery to digitize are: 2000-2001, and 2003-2009. The aerial 

photography missions were all flown in July of each year. After each year is mapped, the 

data is presented to ERM for an assessment. The goal of this is for ERM to identify 

errors that were not recognized at FAU. There could also be errors in areas in which only 
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Figure 15. “Eyeball” Icon in Adobe Photoshop 

ERM has information. The Department of Environmental Resources Management adds 

correctional information into the nearshore reef shapefiles and the University is to 

correct them. Once all of the errors are corrected, the data is presented back to ERM for 

a final assessment. Data analyzed for the reef tract in 2004 is preliminary data awaiting 

final approval from the county. All other data has been finalized and approved. 

a. Reef Mapping in Adobe Photoshop 

Adobe Photoshop has the capability of classifying individual raster values. This 

aspect of the program is a powerful tool in identifying reefs and can do so in much less 

time than either hand-digitizing or other digital image analysis software.  

With Adobe Photoshop open, the aerial image of a coastal location is loaded into 

the program. The contrast of the image is adjusted to achieve maximum distinction 

between reef and non-reef pixels on the image. A new layer is created on which the “reef 

map” will be created. This new layer is then colored entirely blue. For the purpose of 

mapping the Palm Beach County reef tract, blue represents everything that is non-reef. 

This includes water, land, artificial reef, rubble, groins, piers, and other coastal features 

which are mapped and analyzed separately. The color used to map reef is red. With the  
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Figure 16. Magic Wand Tool 

Figure 17. Magic Wand Tool Highlighted 

blue reef map layer overlaying the original aerial image, nothing from the aerial image 

can be seen. The “eyeball icon” can be used to quickly turn the reef map layer on and 

off.  

In Adobe Photoshop, the 

strongest tool for classifying 

reefs based on their spectral 

reflectance properties is the 

“magic wand” tool. When a 

pixel is selected, this tool 

highlights all other pixels with a 

similar pixel value, depending 

on tolerance. The higher the 

tolerance is set, the wider the 

values of highlighted pixels become.  

Reefs can be of 

many different 

colors and tones 

and thus the 

“magic wand” 

tool requires 

different 

tolerance levels 
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for each image to achieve maximum efficiency. A good average starting level for 

tolerance is around 20. 

Also, when utilizing the “magic wand” tool, there are two other options that may 

be utilized. The first is “Anti-Aliasing”. This needs to be turned off and avoided when 

using the “magic wand” tool as “Anti-Aliasing” creates a gradient along the edges of 

features in order to present a smoother image. This, in turn, leads to the creation of more 

than just the two classes of information shown as red and blue in the reef map. The 

second option, “Contiguous”, may be chosen to be used, depending on the situation. If 

“Contiguous” is turned on, only similar pixels that are adjacent to the selected pixel 

become highlighted by the “magic wand” tool. If “Contiguous” is turned off, all similar 

pixels throughout the entire image are highlighted.  

In utilizing the “magic wand” tool, the “shift” key is held while selecting 

different pixels in an attempt to highlight most of the reef. Once the desired pixels are 

selected, the reef map layer is turned back on. The area of reef highlighted by the “magic 

wand” tool is then colored red using the “edit-fill technique” or by using the “paint 

bucket” tool.  

Next, the opacity of 

the reef map layer is 

reduced to 10% - 30% in 

order be able to see it over 

the aerial image. This shows 

the portions of reef which 

were not selected by the 

Figure 16. Opacity 



37 
 

“magic wand” tool.  In order to select and highlight areas of reef which were missed the 

first time, a second application of the “magic wand” tool may be used. The Palm Beach 

County Department of Environmental Resource Management in conjunction with 

Florida Atlantic University developed a minimal mapping unit rule. This rule ensures 

that small “holes” in reefs as well as small dark spots on the sand are not highlighted. If 

there is a light-colored area within a reef, smaller than 8 square feet or 8 rasters, it is 

simply categorized as reef. On the contrary, if there is a small, dark area in the middle in 

the sand, it is not selected as a small reef, rather, it is included as non-reef.  

The next tool used in Adobe Photoshop is the “pencil” tool. This tool can be used 

to select small areas which were not selected by the “magic wand” tool. It 

can also highlight areas that violate the “8 pixel rule”. The “pencil” tool is 

used to fill the reef as well as for making corrections along edges. When the 

reef map layer is completed satisfactorily, the original aerial image is 

deleted and the reef map layer is saved as a TIF file, with the original name 

plus “phot” at the end of the name. This signifies that this is the image 

created in Adobe Photoshop.  

Alongside each original aerial image is a “.tfw” “World File”. These 

files contain the spatial reference information. Once the new “phot” reef 

map layer is saved as an image file, the original “World File” is then copied 

and renamed to match the name of the new reef map image. 

 

 

Figure 17. Pencil Tool 
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b. Neighborhood Conversion in Erdas IMAGINE 

Erdas IMAGINE is a remote sensing software that can be used to enhance digital 

images. In the case of reef maps, it is used to smooth out jagged edges and create overall 

smoother reef edges. The use of Erdas IMAGINE is a 

relatively short step in the process of mapping the reef 

tract in Palm Beach County. 

 

 

 

 

In order to smooth the edges in Erdas IMAGINE, the Neighborhood Function is 

utilized. The reef map image is loaded and the Neighborhood Function is found under 

“GIS Analysis” under the “Interpreter” tab. 

Figure 22. 

Neighborhood 

Function 

Figure 21. GIS Analysis Figure 18. Image 

Interpreter 
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Figure 19. Neighborhood Function Dialog Box 

 This 

function works 

by analyzing 

each pixel and 

comparing 

them to the 

pixels around 

them. In the 

case of reef 

mapping, a 

simple 3X3 

filter is used. The pixels in the middle of each 3X3 “neighborhood” are transformed to 

match the majority in the window. This function is applied to the whole image and helps 

smooth out the overall image. Before the function is applied, the output filename must 

be chosen. This should be the original aerial image name plus “filt” at the end of the 

name. This signifies that this is the image which was edited using the Neighborhood 

Function filter in Erdas IMAGINE. Once the new “filt” reef map layer is saved as an 

image file, the original “World File” is then copied and renamed to match the name of 

the new reef map image.  
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Figure 20. Raster to Polygon Toolbar 

Figure 21. Select By Attributes 

ArcGIS 

c. Raster to Polygon Conversion in ArcMAP 

ArcMAP is the primary constituent of ArcGIS. It is software that focuses on the 

analyzation of geographical and spatial data. For the purpose of reef mapping, ArcMAP 

is used to convert the created reef map into a GIS layer. This layer can then be appended 

to other reef layers to ultimately comprise a string of reefs, extending for miles.  

The original aerial image, as well 

as the “filt” image which was edited in 

Erdas IMAGINE, are brought into 

ArcMAP. The “filt” image is referred to as 

the reef map. The reef map should overlay 

the original aerial image. In ArcToolbox, 

Conversion Tools is selected. Once the list 

of conversion tools appears, the Raster to 

Polygon tool, which is under the Raster 

tab, is selected. This 

tool converts the 

raster image (reef 

map) into a polygon 

layer to be used in 

ArcMAP.  
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Figure 22. Editor Toolbar 

 

Once the program has run and is complete, a new layer appears. It is a GIS 

shapefile. In the attribute table of this layer, there is a column called “gridcode”. In the 

gridcode column, there are two different values. The “0” value signifies water (the blue 

portion of the reef map) while the “255” value signifies reef (the red portion of the reef 

map). Using the “Select by Attributes” tool, the “255” reef values can all be selected. A 

new layer is then created using only the “255” pixels. This new layer displays the reef 

polygons and leaves out the non-reef polygons. When overlaid on top of the aerial 

image, the layer should cover the reef as it did when viewed in Adobe Photoshop.  

d. Accuracy Assessment 

An accuracy 

assessment 

determines the 

accuracy of the reef 

map. When 

performing an 

accuracy assessment, contrast as well as opacity of both image layers are adjusted as 

needed. Errors are more easily found by zooming in and out while panning around the 

image.  

To perform the accuracy assessment, a grid was overlaid on the image and the 

reef map in Adobe Photoshop. Both a 30 foot and a 300 foot grid were utilized. Each 

intersection of the grid near the reef was classified as correctly mapped or incorrectly 
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mapped. A minimum of 200 grid intersections were chosen. The results ranged from 

95% to 99.8% accurate. 

If there are minor or a relatively small amount of errors, it may be less time-

consuming to perform the edits in ArcMAP itself using ArcEditor. This can be done by 

using the tools located in the Editor Toolbar. For a larger volume or size of errors, the 

image should be brought back into Adobe Photoshop and corrected there. 

There are four main types of errors that can be discovered during an accuracy 

assessment. Areas which are actually reef may not have been selected as reef, therefore 

being left out. On the contrary, areas which are not reef may have been selected as reef, 

therefore being mistakenly counted when they should not have been. The “8 pixel rule” 

can also lead to errors in reef mapping. If, for example, a seven-pixel dark area in the 

sand is mistakenly highlighted as reef, this is an error. Furthermore, a hole within a reef 

that is less than eight pixels that is not counted as part of the reef is also an error. 

Some of the tools which can be utilized here can perform edits such as merging 

polygons, changing the shapes and sizes of polygons, adding or removing vertices, and 

moving polygons themselves. Once editing is complete, and the edits are saved, the reef 

map layer is now ready to be exported as a shapefile. This is done by right-clicking the 

layer in the Table of Contents, and selecting “Export Data”. The filename should be the 

same as the original aerial image.  
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Figure 24. Append 

Tool 

Figure 23. Append Toolbox 

e. Appending and Merging Reef Map Shapefiles in ArcMAP 

Once all of the desired reef images are mapped and 

shapefiles are created for each, they must be appended 

together. This ultimately results in a string of reefs comprising 

the whole county in one shapefile. In order to append the reef 

shapefiles, the “Append” tool in ArcToolbox is utilized. To 

find it, ArcToolbox is clicked. Then, under Data Management 

is the “General” tab. Within this tab is the “Append” tool. 

There should be a target shapefile upon which all other 

shapefiles will be appended to. This shapefile is added to the 

Table of Contents in ArcMAP beforehand. In the “Append” tool, this shapefile is the 

target layer. More than one shapefile at a time may be appended. Also in the “append” 

tool is the option for “TEST” or “NO TEST”. “TEST” would only be used if all of the 

field definitions of the 

feature classes to be 

appended matched up. 

Since this is not the case 

with all of the various 

shapes and sizes of reef 

polygons, the “NO TEST” 

option is used. After the 
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Figure 25. Union Tool 

append function is complete, the original aerial images should be loaded into ArcMAP 

and another accuracy assessment must be done in order to verify the appended 

shapefiles.  

An error that could occur is that appended layers can become stacked on top of 

each other and also some polygons can appear on top of other polygons. Another type of 

error that occurs appears along the edges of two images where they border each other. 

There can be places where the reef layer does not match up. The reef in one image may 

not have been mapped correctly. One or more polygons may require editing in order to 

make the correction. As with the previous accuracy assessment, the edit is either made 

using ArcEditor or in Adobe Photoshop, depending on the extent of the problem.  

Once the accuracy assessment is complete, and all errors are corrected, there is 

now a single reef map layer, containing polygons which represent all of the nearshore 

reefs along the coast of Palm Beach County. This layer should be able to overlay any 

matching aerial image and represent the reef as it appears on the image.  

f. Unioning and Separating Reef Map Shapefiles in ArcMAP 

In order to compare reef maps of various years, the appended shapefiles must 

first be conjoined by way of the 

Union tool. This tool takes two 

different shapefiles and creates a 

brand new shapefile which 

contains all of the properties of the 

two original shapefiles. In order to 
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Figure 26. Union Toolbox 

Figure 27. Union File Separation 

Figure 28. Union Shapefile in Time 

1 but Not Time 2 

perform a union, both shapefiles 

must first be loaded into the table 

of contents in ArcMap. In 

ArcToolbox, the Union tool is 

found in the Overlay section 

under Analysis tools.  Once the 

Union tool is open, the two 

shapefiles that are to be unionized are selected as input features. The output folder, as 

well as the name of the new union shapefile, are then chosen. The Union tool is then run. 

Once the tool has finished running, a new shapefile will appear in the table of contents. 

This shapefile is comprised of each 

polygon and property of the original 

two layers. If the new union shapefile 

were to be set as the top layer, both of 

the original shapefiles would be 

totally covered up.  

The goal now is to separate the 

union file into three parts. If, for example, 

nearshore reefs from 2005 and 2006 are 

being analyzed, they will be separated 

into: reef that only appeared in 2005, reef 

that only appeared in 2006, and reef that 
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Figure 29. Union Shapefile  

in Time 2 but Not Time 1 

Figure 30. Union Shapefile in Time 1 AND Time 2 

was present in both 2005 and 2006. In order to separate the union shapefile to these 

standards, the attribute table is analyzed.  

In Figures 32-34, under the columns “FID_Nearshore2005” and  

“FID_Nearshore2006”, each cell is filled with either a positive integer or a “-1”.  

If there is a positive integer in “FID_Nearshore2005” and a “-1” in a cell on the same 

row under the “FID_Nearshore2006” column, this means that that particular polygon is 

only present in the reef tract in 2005. 

Also, If there is a positive integer in 

“FID_Nearshore2006” and a “-1” in 

a cell on the same row under the 

“FID_Nearshore2005” column, this 

means that that particular polygon is 

only present in the reef tract in 2006. 

In order to find polygons 

which are present in both years, t 

here must be positive integers on the 

attribute table under both the 

“FID_Nearshore2006” as well as the 

“FID_Nearshore2005” columns.  

There will never be an 

instance where both columns have a 

“-1” value as this would indicate no 

reef present in either year; if this 
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Figure 35. Create Layer from Selected Features  

were the case, the polygon would never be created, nor would a value be assigned to it. 

To separate the union into individual shapefiles as mentioned above (reef that 

only appeared in 2005, reef that only appeared in 2006, and reef that was present in both 

2005 and 2006.), all of the features in the attribute table must first selected. The “Select 

By features” option can be used to highlight all features with similar attributes (ex. “-1” 

value). Once all of the desired features are selected, a separate shapefile can be created. 

If the union layer in the 

table of contents is right-

clicked, “Create Layer 

From Selected Features” 

under “Selection” is 

selected. This creates a 

new layer containing only 

the features that were 

selected in the attribute table.  

This is done three times; thus creating new layers for reef that only appeared in 

2005, reef that only appeared in 2006, and reef that was present in both 2005 and 2006. 

With these three new shapefiles, it is now possible to visually analyze reef coverage 

changes over the compared years.  

The desired measurement of area is acreage. In order to find the area of each 

polygon in acres, a conversion formula is used within the “Shape_Area” column of the 

attribute table. The area of each polygon is in ft
2
. To convert this to acreage, the

 
Field 

Calculator tool is used. The “Shape_Area” column is multiplied by the conversion rate 
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Figure 31. Square Feet to Acreage Conversion 

“0.000022956841139” in the “Acres” column. Since the default projection is in square 

feet, this will convert the area into acres. 

Once the conversion to acreage has been done, statistics can be run. They are run 

once for the total reef tract in Palm Beach County as a whole. From then on, the reef 

tract is split up into smaller sections and statistics are run again. In order for the reef tract 

to be split into smaller sections, they must be clipped.  
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Figure 32. Inlet 

Intervals (Pre-

clipped) 

Figure 33. Clip Tool 

g. Clipping Reef Map Shapefiles 

In order to study smaller sections of the entire reef tract, 

the shapefiles need to be clipped. The shapefiles were clipped in 

two ways. First, the reef tract was clipped by inlet intervals. 

These include: County Line to Jupiter Inlet, Jupiter Inlet to Lake 

Worth (Palm Beach) Inlet, Lake Worth (Palm Beach) Inlet to 

South Lake Worth (Boynton) Inlet, South Lake Worth (Boynton) 

Inlet to Boca Raton Inlet, and Boca Raton Inlet to County Line. 

In order to study portions of the reef tract in relation to areas 

which have undergone major beach renourishments, the reef tract 

was also clipped into each of the renourishment project areas. 

These include: the Jupiter Project Area, Juno Beach Project Area, 

Singer Island Project Area, South Palm Beach Project Area, 

South Lake Worth Inlet Management Project Area, and the 

Ocean Ridge Project Area.  

To clip shapefiles, the 

Clip tool is utilized. To clip the 

shapefiles into inlet intervals, 

the two reef tract shapefiles that 

are to be compared are loaded 

into ArcMap, along with the  
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Figure 34. Clip Toolbox 

inlet interval shapefile. Using the Selection tool, the desired inlet interval is selected.  

Using the Clip tool, it is possible to create a new shapefile out of only the features within 

the selected inlet interval. With the Clip tool open, the “InletProjectAreas” layer is 

inserted into the Input Features 

section. This signifies to ArcMap 

that the area in which the 

clipping will take place is located 

within these 

boundaries. 

Under the Clip 

Features section, the reef layer in inserted. This is the layer that is to be 

clipped into smaller sections. In the Output Feature Class box, the name 

of the new clipped shapefile as well as the location where it is to be saved 

are specified. Finally, the tool is run and a new layer appears in the table 

of contents.  

If the new layer is turned along with the inlet interval layer, only 

reef in the clipped section appears. These steps are repeated five times 

per year for each inlet interval. The same process is also done for 

clipping shapefiles for each beach renourishment project area.  

 

 

 Figure 35. Inlet 

Intervals (Post-

clipped) 
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h. Running Statistics 

Once all of the inlet intervals and beach nourishment project areas were clipped 

and organized into individual shapefiles by year, statistics were run. Statistics were run 

in three distinct instances for each inlet interval, project area, and for the reef tract as a 

whole. These instances include: present in “time one” but not in “time two”, present in 

“time two” but not present in “time one”, and present in both times. Each interval and 

project area, as well as the whole reef tract, had statistics run for each date pair: 2000-

2001, 2003-2009. Analyses were done on date pairs during the major storm years: 2004-

2005, 2005-2006, and 2006-2007. By running statistics of each date pair in each area, a 

time series analysis was completed. Besides being able to visually analyze changes, this 

data now allows for a mathematical analysis. Sometimes, what is seen and what actually 

occurs (according to the statistics) seem to differ. The results of these statistics are 

analyzed in the next section of this thesis.  

The following table indicates the areas and years in which the analysis was 

performed: Areas highlighted in blue are inlet intervals. Areas highlighted in red are 

beach renourishment project areas. Areas highlighted in green are totals for the entire 

county; this refers to all of the project areas combined as well as all reefs within the 

county combined. The sections of the table which are highlighted in orange indicate the 

areas and years in which the analysis was done. 
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Table 1Areas of Analysis 

Years/Intervals 2000 

- 

2001 

2001 

- 

2003 

2003 

- 

2004 

2004 

- 

2005 

2005 

- 

2006 

2006 

- 

2007 

2007 

- 

2008 

2008 

- 

2009 

County Line – 

Jupiter Inlet 

        

Jupiter Inlet – 

LW Inlet 

        

LW Inlet – 

SLW Inlet 

        

SLW Inlet – 

Boca Inlet 

        

Boca Inlet – 

County Line 

        

Jupiter Project 

Area 

        

Juno Beach 

Project Area 

        

Singer Island 

Project Area 

        

South Palm 

Beach Project 

Area 

        

South Lake 

Worth Inlet 

Management 

Project Area 

        

Ocean Ridge 

Project Area 

        

Project Area 

Total 

        

County Total         
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Figure 36. Coastal Map 

Diagram) 

V. DISCUSSION AND DATA ANALYSIS 

Tables listed in this section depict a time series analysis of 

reef coverage as total acreage. The tables in each section are 

oriented from north to south. The first section discusses reef totals 

and trends in the county as a whole. Also in this section, the trends 

of the five inlet intervals are compared with county trends. These 

inlet intervals include: County Line to Jupiter Inlet, Jupiter Inlet to 

Lake Worth (Palm Beach) Inlet, Lake Worth (Palm Beach) Inlet to 

South Lake Worth (Boynton) Inlet, South Lake Worth (Boynton) 

Inlet to Boca Inlet, and Boca Inlet to County Line. 

All data are measured in acres and numbers are rounded to 

two decimals. The column on the left of each table simply refers to 

the year in which the aerial images of the reefs (and the subsequent 

mapping process) were taken. The “Total Nearshore 

Reef” column refers to the total amount of reef structure which was 
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present in each year. The “Persistent Reef” column refers to reef structure which was 

present in both the current and previous year. These reefs were not covered by sand in 

either year of the analysis. The “Reef Gains” column displays new reef structure which 

was not present in the previous year while the “Reef Losses” column displays reef 

structure which was in the previous year but has been lost in the present year. The sixth 

column, “Percent Change”, shows either a positive (colored blue) or negative (colored 

red) change percentage of reef coverage over the previous year. This helps to easily 

delineate trends and changes over time. 

A. County Trends for all years (2000-2001, 2003-2009) 

 Table 2 County Trends for all years (2000-2001, 2003-2009) 

 

 

 

Year 

 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

 

Percent 

Change 

(Over 

previous 

year) 

2000 331.18 X X X X 

2001 299.51 176.19 123.32 154.99 -10.44% 

2003 205.95 136.66 69.30 162.85 -31.24% 

2004 244.59 124.74 119.86 81.22 +18.76% 

2005 425.84 124.84 300.99 119.75 +74.10% 

2006 450.74 270.88 179.86 154.96 +5.85% 

2007 367.31 251.75 115.56 198.99 -18.51% 

2008 366.86 231.84 135.02 135.47 -0.12% 

2009 332.06 198.74 133.32 168.12 -9.49% 

 

The above table presents reef coverage trends for each year of the study for Palm 

Beach County as a whole. Reef coverage was in decline from 2000-2003 and then there 

is a near-20% increase in 2004, followed by a large increase (74.10%) in 2005. 
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Furthermore, there is another slight increase 5.85%) in 2006, and then the original, 

declining trend resumes in 2007. In the next section of this analysis, each of the five inlet 

intervals are analyzed and compared with the county as a whole. Only the years of major 

storm (2004-2007) were analyzed at this level.  

a. Inlet Intervals Compared to County Trends (2004-2007) 

i. County Line to Jupiter Inlet 

Table 3 County Line to Jupiter Inlet 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in 

current 

and in 

previous 

year) 

Reef 

Gains 

(Over 

previous 

year) 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 9.15 X X X X 

2005 21.31 6.48 14.82 2.67 +132.90% 

2006 32.07 18.28 13.79 3.03 +50.49% 

2007 36.61 28.49 8.12 3.58 +14.16% 

 

In 2004, this northernmost inlet interval had 9.15 acres of reef coverage. The 

following year, coverage more than doubled to 21.31 acres. The inlet interval then saw 

over a 50% increase in reefs from 2005 to 2006. There was an additional increase of 

14.16% in 2007. From 2005-2007, the area lost a comparable amount of reef coverage 

(2.67-3.58 acres) each year. However, since there were comparably large increases of 

reef coverage in 2005 and 2006, the impact of the loss of reef in 2007 had a more 

negative effect on the total percent change over for that year.  
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ii. Jupiter Inlet to Lake Worth (Palm Beach) Inlet 

Table 4 Jupiter Inlet to Lake Worth (Palm Beach) Inlet 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 19.93 X X X X 

2005 132.23 18.01 114.22 1.92 +563.47% 

2006 119.02 93.84 25.18 38.39 -9% 

2007 87.94 68.28 19.66 50.74 -26% 

 

This inlet interval saw the largest increase in reef coverage throughout this entire 

study. In 2004, in this inlet interval, there were 19.93 acres of reef coverage. In the 

following year, this number increased nearly seven-fold to 132.23 acres. This interval 

has suffered losses in both 2006 and 2007. This may partially be due to the fact that so 

much hard-bottom structure was uncovered around the same time. Also, the fact that this 

inlet interval contains the most beach renourishment project areas, three, may also be a 

factor in the losses of 2006 and 2007. These project areas include: Jupiter Project Area, 

Juno Beach Project Area, and the Singer Island Project Area. The Jupiter Project Area is 

located just south of Jupiter Inlet. The Juno Beach Project Area is located a few miles 

south of the Jupiter Project Area, and the Singer Island Project Area is located near the 

southern portion of the inlet interval. 

This is the only inlet interval in which there are consecutive losses following the 

large gain of reef structure in 2005. From 2005 to 2007, the area had lost over forty-four 

acres of reef coverage.    
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iii. Lake Worth (Palm Beach) Inlet to South Lake Worth 

(Boynton) Inlet 

Table 5 Lake Worth (Palm Beach) Inlet to South Lake Worth (Boynton) Inlet 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 184.72 X X X X 

2005 225.45 88.40 137.05 96.32 +22.05% 

2006 242.32 134.86 107.46 90.59 +7.48% 

2007 199.63 126.84 72.79 115.49 -17.62% 

 

This inlet interval, located in the central portion of Palm Beach County, contains 

the most reef coverage in any given year. In 2004, there was a large amount of reef 

coverage to begin with at 184.72 acres. Coverage increased over 20% in the following 

year and increased another 7.42% in 2006. There were a total of over 242 acres in 2006, 

which was the county‟s highest for an inlet interval throughout this study.  Perhaps due 

to the large amount of hard-bottom structures in the inlet interval, the year-to-year 

changes were relatively small from 2005-2006. However, in 2007, there was almost a 

20% loss of reef coverage in the area, sending the acreage back under 200. 

This inlet interval contains beach renourishment project areas as well. These are 

the South Palm Beach Project Areas as well of most of the South Lake Worth Inlet 

Management Project Area. Both of these project areas are located at the southern portion 

of the inlet interval. 
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iv. South Lake Worth (Boynton) Inlet to Boca Inlet 

Table 6 South Lake Worth (Boynton) Inlet to Boca Inlet 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 19.20 X X X X 

2005 37.25 7.08 30.17 12.12 +94.01% 

2006 37.28 15.69 21.59 21.56 0% 

2007 30.88 17.85 13.03 19.43 -17.17% 

 

 From 2004 to 2005 the reef coverage in this inlet interval nearly doubled.  There 

was a very minute gain of reef coverage from 2005 to 2006. However, there was a larger 

loss of reef coverage, slightly over 17%, in 2007. This interval contains the least amount 

of reef coverage when compared to the other two large inlet intervals (Jupiter Inlet to 

Lake Worth [Palm Beach] Inlet and Lake Worth [Palm Beach] Inlet to South Lake 

Worth [Boynton] Inlet).  There is one beach renourishment project area (Ocean Ridge) 

located within this inlet interval as well as a small portion of the South Lake Worth Inlet 

Management Project Area.  
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v. Boca Inlet to County Line 

Table 7 Boca Inlet to County Line 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 11.58 X X X X 

2005 9.59 4.86 4.73 6.72 -17.19% 

2006 20.05 8.20 11.85 1.39 +109.07% 

2007 12.25 10.29 1.96 9.76 -38.90% 

 

 This inlet interval, which contains the least amount of reef coverage, has seen 

great, varying changes throughout each year of the analysis. In 2004, the area has 11.58 

acres of reef coverage. By 2005 it had lost about 17% of its reefs. Then, from 2005-

2006, the amount of reef coverage more than doubled in size. In 2007, over 38% of the 

reef was lost again. This was the only inlet interval in which reef structure was lost 

between 2004 and 2005. It is possible that the results are different when compared to the 

other inlet intervals due to the small amount of reef coverage. 

Inlet Interval Summary 

 From the northern County Line to the Boca Inlet, there have been considerable 

increases in reef exposure in each inlet interval between 2004 and 2005. The exception 

to this is the Boca Inlet to County Line interval.  

For the 2005-2006 date pair, results varied. The County Line to Jupiter Inlet, 

Lake Worth (Palm Beach) Inlet to South Lake Worth (Boynton) Inlet, and Boca Inlet to 
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County Line intervals all saw increases in reef coverage. The South Lake Worth 

(Boynton) Inlet to Boca Inlet interval remained unchanged and the Jupiter Inlet to Lake 

Worth (Palm Beach) Inlet interval saw a minor loss of reef coverage. 

Also, for each inlet interval except for the northernmost (County Line to Jupiter 

Inlet), 2007 was a year of decline of reef coverage. 

B. Project Areas (2004-2007) 

There are six areas of the county‟s coastline in which multiple beach 

renourishment projects have taken place over the years. In this section, each of these 

beach renourishment project areas are analyzed in depth and major changes are 

quantified with images. The six project areas include: Jupiter Project Area, Juno Beach 

Project Area, Singer Island Project Area, South Palm Beach Project Area, South Lake 

Worth Inlet Management Project Area, and the Ocean Ridge Project Area.  

a. Palm Beach County Beach Renourishment Project Areas 

 

Table 8 Palm Beach County Beach Renourishment Project Areas 

Year 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

Reef 

Gains 

(Over 

previous 

year) 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 61.05 X X X X 

2005 90.87 16.90 73.97 44.15 +48.85% 

2006 102.73 54.47 48.26 36.40 +13.05% 

2007 93.05 56.01 37.04 46.72 -9.42% 
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The above table shows trends of reef coverage only of which are located within 

the six beach renourishment project areas. In this section of the analysis, each of the six 

beach renourishment project areas are analyzed and compared with the county project 

areas as a whole. Only the major storm years (2004-2007) were analyzed at this level.  

Table 9 Project Areas to County Comparison 

Year 

Project Areas  

Percent Change 

(Over previous 

year) 

Palm Beach County 

Reef Tract 

Percent Change 

(Over previous year) 

2005 +48.85% +74.10% 

2006 +13.05% +5.85% 

2007 -9.42% -18.51% 

 

The project areas as a whole follow similar trends of reef coverage when 

compared to the county as a whole. These trends include a large increase in coverage 

between 2004 and 2005, another smaller increase in 2006, and a decrease in reef 

coverage between 2006 and 2007. In instances where there are substantial changes in 

reef coverage within each beach renourishment project area, images are shown to 

supplement the data. When interpreting the images (Figures 42-73), areas outlined in 

red represent reef lost from the previous year, areas outlined in blue represent reef which 

is present in both years, and areas outlined in green represent new reef that was not 

present in the previous year. 
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i. Jupiter Project Area 

Table 10 Jupiter Project Area 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 0.71 X X X X 

2005 2.75 0.39 2.36 0.32 +287.32% 

2006 6.33 1.77 4.56 0.98 +130.18% 

2007 5.62 2.41 3.21 3.92 -11.22% 

 

The Jupiter Project area had a very large increase in reef coverage from 2004 to 

2005 and another large increase from 2005 to 2006. In 2004 there was less than an acre 

of reef coverage in this project area.  In the following year, reef coverage almost 

quadrupled in the area. This northernmost portion of Figures 42-47 is about 500 feet 

south of Jupiter Inlet.  This project area contains a relatively small-sized area of reef 

coverage in 2005, only 2.75 acres.  

In 2006, reef coverage more than doubled.  Also in 2006, many reefs were 

uncovered in the southern portion of this project area. Much more reef structure can be 

interpreted in the 2006 image. Less than an acre of reef was lost since 2005, and there 

are over four and a half acres of new reef that were exposed. 

In 2007 the trend shifted downward and reef coverage dropped nearly 12%. This 

area, just south of Jupiter Inlet, did not contain a large reef habitat to begin with, when 

compared to some of the other project areas.  
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Figure 37. Jupiter Project Area in 2004 

(The present reef is outlined in light blue due to its small size.) 
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Figure 38. Jupiter Project Area in 2005 
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Figure 39. Jupiter Project Area in 2006 
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Figure 40. 2005-2006 comparison in the Jupiter Project Area 
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Figure 41. Jupiter Project Area in 2007 
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Figure 42. 2006-2007 comparison in the Jupiter Project Area 
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ii. Juno Beach Project Area 

Table 11 Juno Beach Project Area 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 0 X X X X 

2005 5.46 0 5.46 0 +N/A 

2006 3.57 1.82 1.75 3.64 -34.62% 

2007 0.68 0.31 0.37 3.26 -80.95% 

 

This project area is unique in this analysis as it is the only area that had no 

recorded hard-bottom coverage at all in 2004. The following year nearly five and a half 

acres of reef structure were present. In 2006 and 2007 there were large losses of reefs, 

thus almost bringing the count back down to zero by 2007. 
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Figure 43. Juno Beach Project Area in 2004 
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Figure 44. Juno Beach Project Area in 2005 
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Figure 45. Juno Beach Project Area in 2006 
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Figure 46. 2005-2006 comparison in the Juno Beach Project Area 
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Figure 47. Juno Bach Project Area in 2007 
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Figure 48. 2006-2007 comparison in the Juno Beach Project Area 
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iii. Singer Island Project Area 

Table 12 Singer Island Project Area 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 5.08 X X X X 

2005 26.28 4.60 21.68 0.48 +417.32% 

2006 25.55 18.62 6.93 7.66 -2.78% 

2007 22.62 17.19 5.43 8.36 -11.47% 

  

This project area saw a massive increase in reef exposure between 2004 and 

2005. In 2004 there were just over five acres of reefs and that number had increased 

more than five-fold in the following year. Over the next two years the project area faced 

minor declines in reef coverage but numbers in 2007 remained well above the 5.08 acres 

that were present in 2004. 
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Figure 49. Singer Island Project Area in 2004 
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Figure 50. Singer Island Project Area in 2005 
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Figure 51. 2004-2005 comparison in the Singer Island Project Area 
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iv. South Palm Beach Project Area 

Table 13 South Palm Beach Project Area 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 22.89 X X X X 

2005 21.95 1.40 20.55 21.49 -4.11% 

2006 28.95 16.91 12.04 5.04 +31.89% 

2007 31.48 17.62 13.86 11.33 +8.74% 

 

From 2004 to 2005 this project area actually lost a small amount of reef, losing 

just under an acre overall. However, there was increased reef exposure in both 2006 and 

2007.  

In 2006, while there was a loss of just 5.03 acres, there were 12.04 acres of new 

reef. In Figures 58-59, a string of new reef was uncovered in deeper water in 2006. 

While there were some losses from 2005, over 17 acres of reef was persistent through 

both years.  

In 2007, the outer reefs which were uncovered in the previous year were now 

covered again. However, while 11.33 acres of reefs were lost, 13.86 acres of new reef 

were revealed in between where the outer reef was and the permanent reef is. 
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Figure 52. South Palm Beach Project Area in 2005 
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Figure 53. South Palm Beach Project Area in 2006 
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Figure 54. 2005-2006 comparison in the South Palm Beach Project Area 
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Figure 55. South Palm Beach Project Area in 2007 



85 
 

 

Figure 56. 2006-2007 comparison in the South Palm Beach Project Area 
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v. South Lake Worth Inlet Management Project Area 

Table 14 South Lake Worth Inlet Management Project Area 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 22.54 X X X X 

2005 14.97 7.16 7.81 15.38 -33.59% 

2006 27.14 9.53 17.61 5.44 +81.30% 

2007 21.21 12.58 8.63 14.56 -21.85% 

 This project area, just south of the South Palm Beach Project Area, also saw a 

loss of reef coverage in 2005. One-third of the reef that was present in 2004 was covered 

up by shifting sands. However, in 2006, the amount of reef exposure nearly doubled in 

the area, going from 14.97 acres to 27.14 acres. There was then an over 20% drop in 

coverage in 2007.  
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Figure 57. South Lake Worth Inlet Management Project Area in 2004 
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Figure 58. South Lake Worth Inlet Management Project Area in 2005 
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Figure 59. 2004-2005 comparison in the South Lake Worth Inlet 

Management Project Area 
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Figure 60. South Lake Worth Inlet Management Project Area in 2006 
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Figure 61. 2005-2006 comparison in the South Lake Worth Inlet 

Management Project Area 
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Figure 62.  South Lake Worth Inlet Management Project Area in 2007 
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Figure 63. 2006-2007 comparison in the South Lake Worth Inlet 

Management Project Area 
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vi. Ocean Ridge Project Area 

Table 15 Ocean Ridge Project Area 

 

 

Year 

 

Total 

Nearshore 

Reef 

Persistent 

Reef 

(Present 

in current 

and in 

previous 

year) 

 

Reef 

Gains 

(Over 

previous 

year) 

 

Reef 

Losses 

(Over 

previous 

year) 

Percent 

Change 

(Over 

previous 

year) 

2004 9.83 X X X X 

2005 19.46 3.35 16.11 6.48 +97.97% 

2006 11.19 5.82 5.37 13.64 -44% 

2007 11.44 5.90 5.54 5.29 +2% 

 In this southernmost beach renourishment project area, the amount of reef 

coverage nearly doubled from 2004 to 2005. The coverage then dropped nearly in half 

the following year and essentially remained the same in 2007. 
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Figure 64. Ocean Ridge Project Area in 2004 
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Figure 65. Ocean Ridge Project Area in 2005 
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Figure 66. 2004-2005 comparison in the Ocean Ridge Project Area 
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Figure 67. Ocean Ridge Project Area in 2006 
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Figure 68. 2005-2006 comparison in the Ocean Ridge Project Area 
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C. Project Areas Compared to Inlet Intervals 

In this section, each of the project areas is compared to its respective inlet 

interval.  

a. Jupiter to Lake Worth Inlet 

i. Jupiter Project Area 

Table 16 Jupiter-Inlet Interval Comparison  

Year 

Jupiter Project 

Area  

Percent Change 

(Over previous 

year) 

Jupiter Inlet to 

Lake Worth (Palm 

Beach) Inlet 

Interval  

Percent Change 

(Over previous 

year) 

2005 +287.32% +563.47% 

2006 +130.18% -9% 

2007 -11.22% -26% 

In 2005, the Jupiter Project Area saw a large increase in reef exposure over the 

previous year; similar to the inlet interval. The following year however, while the reef 

tract in the project area more than doubled in size yet again, the inlet interval actually 

lost a small amount of reefs. In 2007, both the project area and the inlet interval lost reef 

coverage, with the inlet interval losing more than double that amount the project area 

lost, percentage-wise.  
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ii. Juno Beach Project Area 

Table 17 Juno Beach-Inlet Interval Comparison 

Year 

Juno Beach 

Project Area  

Percent Change 

(Over previous 

year) 

Jupiter Inlet to 

Lake Worth (Palm 

Beach) Inlet 

Interval  

Percent Change 

(Over previous 

year) 

2005 +N/A +563.47% 

2006 -34.62% -9% 

2007 -80.95% -26% 

 In 2005, the Juno Beach Project Area followed a similar trend as in the inlet 

interval, both increasing reef coverage more than six-fold.  Over the next two years, the 

project area lost a relatively larger amount of reefs than the county.  

iii. Singer Island Project Area 

Table 18 Singer Island-Inlet Interval Comparison 

Year 

Singer Island 

Project Area  

Percent Change 

(Over previous 

year) 

Jupiter Inlet to 

Lake Worth (Palm 

Beach) Inlet 

Interval  

Percent Change 

(Over previous 

year) 

2005 +417.32% +563.47% 

2006 -2.78% -9% 

2007 -11.47% -26% 

 This beach renourishment project area, like the two to its north, saw substantial 

increases in reef coverage between 2004 and 2005. This project area is the most similar 

to its inlet interval out of all the project areas. In 2006 there were minor losses, and in 

2007 there were larger losses of reef structure.  
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b. Lake Worth Inlet to South Lake Worth Inlet 

i. South Palm Beach Project Area 

Table 19 South Palm Beach-Inlet Interval Comparison 

Year 

South Palm Beach 

Project Area  

Percent Change 

(Over previous 

year) 

Lake Worth (Palm 

Beach) Inlet 

Interval to South 

Lake Worth 

(Boynton) Inlet 

Percent Change 

(Over previous 

year) 

2005 -4.11% +22.05% 

2006 +31.89% +7.48% 

2007 +8.74% -17.62% 

This project area differs from the northern three in that there was actually a loss 

of reefs in 2005 while in the inlet interval there as a gain. In 2006, there was a slight gain 

overall in the inlet interval but a large gain in the project area. The gain continued in the 

project area in 2007 but in the inlet interval, reef coverage dropped over 17%.  

ii. South Lake Worth Inlet Management Project Area 

Table 20 South Lake Worth Inlet Management-Inlet Interval Comparison 

Year 

South Lake 

Worth Inlet 

Management 

Project Area  

Percent Change 

(Over previous 

year) 

Lake Worth (Palm 

Beach) Inlet 

Interval to South 

Lake Worth 

(Boynton) Inlet 

Percent Change 

(Over previous 

year) 

2005 -33.59% +22.05% 

2006 +81.30% +7.48% 

2007 -21.85% -17.62% 
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 In this project area, like the one to the immediate north, there was a loss of reef 

coverage in 2005. In the inlet interval on the other hand, there was over a 20% gain of 

reef coverage. In the following year, while there were gains in both the project area as 

well as the inlet interval, the gain in the inlet interval was just under10% that of the gain 

in the project area. However, in 2007, both areas lost a comparable percentage of reef 

structure.  

c. South Lake Worth Inlet to Boca Inlet 

i. Ocean Ridge Project Area 

Table 21 Ocean Ridge-Inlet Interval Comparison 

Year 

Ocean Ridge 

Project Area  

Percent Change 

(Over previous 

year) 

South Lake Worth 

(Boynton) Inlet to 

Boca Inlet Interval  

Percent Change 

(Over previous 

year) 

2005 +97.97% +94.01% 

2006 -44% 0% 

2007 +2% -17.17% 

 

In this southernmost project area, there were comparable percentages of an 

increase in reef coverage in 2005. In 2006, while the inlet interval remained 

unchanged, the project area lost nearly half the reef it had gained the previous year. 

In an opposite turn of events, in 2007, the percent of reefs in the project area had 

nearly remained the same while the inlet interval had lost nearly 20% of reef 

coverage.  
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Total County Comparison: North to South 

A. 2004-2005 

Table 22 Total County Trends, North-South (2004-2005) 

 2004 Acreage 2005 Acreage % Change 

County Line – 

Jupiter Inlet 
9.15 21.31 +132.90% 

Jupiter Inlet – 

Lake Worth (Palm 

Beach) Inlet 

19.93 132.23 +563.47% 

Jupiter Project 

Area 
0.71 2.75 +287.32% 

Juno Beach 

Project Area 
0 5.46 + N/A 

Singer Island 

Project Area 
5.08 26.28 +417.32% 

Lake Worth (Palm 

Beach) Inlet-South 

Lake Worth 

(Boynton) Inlet 

184.72 225.45 +22.05% 

South Palm Beach 

Project Area 
22.89 21.95 -4.11% 

South Lake Worth 

Inlet Management 

Project Area 

22.54 14.97 -33.59% 

South Lake Worth 

(Boynton) Inlet – 

Boca Inlet 

19.20 37.25 +94.01% 

Ocean Ridge 

Project Area 
9.83 19.46 +97.97% 

Boca Inlet-County 

Line 
11.58 9.59 -17.19% 

 

When looking at the data arranged geographically from north to south in 

2004-2005, it is easier to discern the trend of more reef gains in the northern part of 

the county. If just looking at the inlet intervals, only the Boca Inlet to County Line 

inlet interval, at the bottom of the table, shows reef losses for the 2004-2005 data. 
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 B. 2005-2006 

Table 23 Total County Trends, North-South (2005-2006) 

 2005 Acreage 2006 Acreage % Change 

County Line – 

Jupiter Inlet 
21.31 32.07 +50.49% 

Jupiter Inlet – 

Lake Worth (Palm 

Beach) Inlet 

132.23 119.02 -9% 

Jupiter Project 

Area 
2.75 6.33 +130.18% 

Juno Beach 

Project Area 
5.46 3.57 -34.62% 

Singer Island 

Project Area 
26.28 25.55 -2.78% 

Lake Worth (Palm 

Beach) Inlet-South 

Lake Worth 

(Boynton) Inlet 

225.45 242.32 +7.48% 

South Palm Beach 

Project Area 
21.95 28.95 +31.89% 

South Lake Worth 

Inlet Management 

Project Area 

14.97 27.14 +81.30% 

South Lake Worth 

(Boynton) Inlet – 

Boca Inlet 

37.25 37.28 0% 

Ocean Ridge 

Project Area 
19.46 11.19 -44% 

Boca Inlet-County 

Line 
9.59 20.05 +109.07% 

 

The date pair 2005-2006 shows varied results across the county. However, if 

only the inlet intervals are examined, there is only a loss of reef coverage in the northern 

Jupiter Inlet to Lake Worth (Palm Beach) Inlet interval. Contrary to 2005, in 2006, the 

southernmost inlet interval, Boca Inlet to County Line, shows the largest increase, 

percentage-wise, in reef coverage.  
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C. 2006-2007 

Table 24 Total County Trends, North-South (2006-2007) 

 2006 Acreage 2007 Acreage % Change 

County Line – 

Jupiter Inlet 
32.07 36.61 +14.16 

Jupiter Inlet – 

Lake Worth (Palm 

Beach) Inlet 

119.02 87.94 -26.11% 

Jupiter Project 

Area 
6.33 5.62 -11.22% 

Juno Beach 

Project Area 
3.57 0.68 -80.95% 

Singer Island 

Project Area 
25.55 22.62 -11.47 

Lake Worth (Palm 

Beach) Inlet-South 

Lake Worth 

(Boynton) Inlet 

242.32 199.63 -17.62% 

South Palm Beach 

Project Area 
28.95 31.48 +8.74% 

South Lake Worth 

Inlet Management 

Project Area 

27.14 21.21 -21.85% 

South Lake Worth 

(Boynton) Inlet – 

Boca Inlet 

37.28 30.88 -17.17 

Ocean Ridge 

Project Area 
11.19 11.44 +2% 

Boca Inlet-County 

Line 
20.05 12.25 -38.90% 

 

Looking at this data, a negative trend of reef coverage can be interpreted 

throughout most of the county. Besides slight increases in two of the project areas, only 

the northernmost inlet interval, County Line to Jupiter Inlet, shows a gain of reef 

coverage. 
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Comparison of Project Areas to the Inlet Intervals (Independent) 

In the next three sub-sections each individual project area is compared with their 

respective inlet intervals, only this time they will be treated independent of each other. 

The data for the inlet intervals will be gathered by taking the total acreage of reef 

coverage and subtracting the portion of which is located in project areas. 

A. Jupiter Inlet to Lake Worth (Palm Beach) Inlet 

a. Jupiter Project Area 

Table 25 Jupiter Project Area (Inlet Interval Independent) 

Year 

 

Total 

Nearshore 

Reef in 

Project 

Area 

 

Project Area 

Percent 

Change (over 

previous year) 

 

Total Reef 

in Inlet 

Interval 

without the 

Project 

Areas 

 

Inlet Interval 

Percent Change (Over 

previous year, without 

the project areas) 

2004 0.71 X 14.14 X 

2005 2.75 +287.32% 97.74 +591.23% 

2006 6.33 +130.18% 83.57 -14.50 

2007 5.62 -11.22% 59.02 -29.38 

 

 The Jupiter project area follows a similar trend as its inlet interval in that there is 

a large increase in reef coverage in 2005. A very small portion of the interval‟s reef tract 

is located in the project area. The project area and the inlet interval saw opposite trends 

in 2006, but followed similar declines in 2007. 
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b. Juno Beach Project Area 

Table 26 Juno Beach Project Area (Inlet Interval Independent) 

Year 

Total 

Nearshore 

Reef in 

Project 

Area 

Project Area 

Percent 

Change (over 

previous year)  

 

Total Reef 

in Inlet 

Interval 

without the 

Project 

Areas  

 

Inlet Interval 

Percent Change (Over 

previous year, without 

the project areas) 

2004 0 X 14.14 X 

2005 5.46 + N/A 97.74 +591.23% 

2006 3.57 -34.62% 83.57 -14.50 

2007 0.68 -80.95% 59.02 -29.38 

 

The trends in this project area nearly match that of the rest of its inlet interval. In 

2005, there is a similar gain in reef coverage found in both areas. While the project area 

sustained heavier losses in the following two years, they both do follow a similar trend.  

c. Singer Island Project Area 

Table 27 Singer Island Project Area (Inlet Interval Independent) 

Year 

Total 

Nearshore 

Reef in 

Project 

Area 

(In Acres) 

Project Area 

Percent 

Change (over 

previous year)  

 

Total Reef 

in Inlet 

Interval 

without the 

Project 

Areas (In 

Acres) 

 

Inlet Interval 

Percent Change (Over 

previous year, without 

the project areas) 

2004 5.08 X 14.14 X 

2005 26.28 +417.32% 97.74 +591.23% 

2006 25.55 -2.78% 83.57 -14.50 

2007 22.62 -11.47% 59.02 -29.38 
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 The Singer Island Project Area also follows the same trend as the inlet interval in 

2005. There is a substantial gain in reef coverage in that year, followed by two years of 

losses. As stated earlier, in 2004, Hurricane Frances and Hurricane Jeanne both made 

landfall near these northern county project areas. These storms may be part of the cause 

the great shift in reef coverage in 2005. 

B. Lake Worth (Palm Beach) Inlet to South Lake Worth (Boynton) Inlet 

a. South Palm Beach Project Area 

Table 28 South Palm Beach Project Area (Inlet Interval Independent) 

Year 

Total 

Nearshore 

Reef in 

Project 

Area (In 

Acres) 

 

Project Area 

Percent 

Change (over 

previous year)  

 

Total Reef 

in Inlet 

Interval 

without the 

Project 

Areas (In 

Acres) 

 

Inlet Interval 

Percent Change (Over 

previous year, without 

the project areas) 

2004 22.89 X 139.29 X 

2005 21.95 -4.11% 188.53 +35.35% 

2006 28.95 +31.89% 186.23 -1.22% 

2007 31.48 +8.74% 146.94 -21.10% 

 

The South Palm Beach Project Area is widely void of any similarities between its 

respective inlet interval. When there was a gain in reef coverage in the project area in 

2004, there was a loss in the inlet interval. The opposite is true for 2006-2007. In 2007, 

the inlet interval lost 40 acres of reef, while the project area gained 2.53 acres. The 

project area represents a small amount of reef coverage compared to the inlet interval. 

This is one of the two project areas which do not follow the trend of a large gain of reef 

coverage in 2005. The other, just to the south of this project area, follows suit. 



110 
 

b. South Lake Worth Inlet Management Project Area 

Table 29 South Lake Worth Inlet Management Project Area (Inlet Interval  

Independent) 

Year 

Total 

Nearshore 

Reef in 

Project 

Area (In 

Acres) 

 

Project Area 

Percent 

Change (over 

previous year)  

 

Total Reef 

in Inlet 

Interval 

without the 

Project 

Areas (In 

Acres) 

 

Inlet Interval 

Percent Change (Over 

previous year, without 

the project areas) 

2004 22.54 X 139.29 X 

2005 14.97 -33.59% 188.53 +35.35% 

2006 27.14 +81.30% 186.23 -1.22% 

2007 21.21 -21.85% 146.94 -21.10% 

 

In 2007, the South Lake Worth Inlet Management Project Area lost about the 

same percentage of reef coverage as its inlet interval. There are mixed results for the 

other years of data. This is the other project area which does not follow the trend of large 

gains of reef coverage in 2005. A possibly reason as to why this is would be that the 

major storms of 2004 struck near the northern portion of Palm Beach County.  
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C. South Lake Worth (Boynton) Inlet to Boca Inlet.  

a. Ocean Ridge Project Area 

Table 30 Ocean Ridge Project Area (Inlet Interval Independent) 

Year 

Total 

Nearshore 

Reef in 

Project 

Area (In 

Acres) 

 

Project Area 

Percent 

Change (over 

previous year)  

 

Total Reef 

in Inlet 

Interval 

without the 

Project 

Areas (In 

Acres) 

 

Inlet Interval 

Percent Change (Over 

previous year, without 

the project areas) 

2004 9.83 X 9.37 X 

2005 19.46 +97.97% 17.79 +89.86% 

2006 11.19 -44% 26.09 +46.66% 

2007 11.44 +2% 19.44 -25.49% 

 

Once again, in 2005, a similar trend can be seen between the project area and its 

inlet interval. This is a trend across most of the inlet intervals and project areas, as well 

as the county as a whole. While the major storms of 2004 struck closer to the northern 

part of Palm Beach County, this project area saw large gains of reef coverage. A possible 

cause of this may relate to having an inlet just to the north of this project area. Perhaps 

wave action and swells are stronger near the inlet, thus transporting sand in the project 

area more rapidly. 

Project Areas in 2005 

The three project areas in the northern part of the county, Jupiter, Juno Beach, 

ands Singer Island, all followed the trend of the Jupiter Inlet to South Lake Worth (Palm 

Beach) Inlet interval in which they are located. All of them saw reef coverage more than 
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triple. A cause of such high numbers is that these project areas, particularly Jupiter and 

Juno Beach, had little or no reef coverage at all prior to 2005. When the new exposed 

reef was mapped in 2005, the relatively small amounts of 2.75 acres of reef in Jupiter 

and 5.46 acres of reef in Juno Beach were huge gains compared to what was present 

beforehand. 

The South Palm Beach and South Lake Worth Inlet Management project areas 

differed from the rest of the project areas in that they actually lost reef coverage while 

the inlet interval gained reef overall. The South Lake Worth Inlet Management Project 

Area lost a substantial amount of over one-third of its reefs. Ocean Ridge, the 

southernmost project area followed the trends of the northern project areas in that it 

nearly doubled its reef coverage in 2005.  

One noticeable trend occurred in the Ocean Ridge Project Area. From 2004 to 

2005 the reef coverage nearly doubled, with about 9.63 acres of new reef being exposed, 

thus putting the percentage at a 97.97% increase. In its respective inlet interval, South 

Lake Worth (Boynton) Inlet to Boca Inlet, there was a similar increase of 94.10%. The 

interesting point is that in the inlet interval, there was a total of 18.05 new acres of reef. 

This means that over half of the new reef in the inlet interval is found in the Ocean 

Ridge Project Area.  

Project Areas in 2006 

In 2006, there were varied results within the project areas. Three of the project 

areas, Jupiter, South Palm Beach, and South Lake Worth Inlet Management, had gains in 

reef coverage The Jupiter and South Lake Worth Inlet Management Project Areas had 

substantial gains. However, the other three project areas, Juno Beach, Singer Island, and 
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Ocean Ridge, all saw losses in reef coverage. The Ocean Ridge Project Area lost nearly 

half of its reef coverage in 2006.  

Project Areas in 2007 

In 2007 there were either losses or minor gains in the project areas. The most 

substantial loss occurred in the Juno Beach Project Area, in which the reef coverage 

there dwindled down to a mere 0.68 acres. This is close to its level of zero reef coverage 

in 2004 and down from a high of 5.46 acres in 2005. The other two northern project 

areas lost a comparable amount of reef structure, both around 11%. There were slight 

gains in the South Palm Beach and Ocean Ridge project areas, and a loss of 21.85% in 

the South Lake Worth Inlet Management Project Area.  

Overall, each of the project areas had more reef coverage in 2007 than in 2004, 

except for the South Lake Worth Inlet Management Project Area, which has 1.33 acres 

less in 2007 than it did in 2004.  
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VI. CONCLUSION 

This study shows trends in the Florida Reef Tract in Palm Beach County in 

relation to major storm events. Between 2004 and 2005, there was over a 74% increase 

in reef coverage throughout the county. This may be due to the effects of Hurricane 

Jeanne and Hurricane Frances making landfall in the region in September of 2004.  

For each inlet interval except for the most southern interval, there were increases 

in reef coverage between 2004 and 2005. This may be related to the fact the both 

hurricanes made landfall north of the Jupiter Inlet, thus the most southern Boca Inlet to 

County Line inlet interval was the furthest away and did not receive impacts on the same 

scale as the inlet intervals to its north.  

Throughout the county as a whole between 2005 and 2006, there was an 

additional increase, albeit minor, of 5.85% in reef coverage. This may be the result of the 

three additional hurricanes in the region in the fall of 2005. With these storms having 

less of an impact than the storms on 2004, combined with the fact that so much reef was 

already uncovered in 2005, may lead to the reason as to why there was only a small 

increase of reef coverage in 2006.  

If the project areas are examined in the 2005-2006 data, there are varied results. 

However, each inlet interval from the Lake Worth (Palm Beach) Inlet south to the 

county line all saw increases in reef coverage in 2006. This may be due to Hurricane 
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Katrina, which made landfall on the Broward/Dade county line, and Hurricane Rita, 

which did not make landfall in Florida but passed south of Florida on its way into the 

Gulf of Mexico. Since these two storms were south of the study area, the central and 

southern portions of the Florida Reef Tract in Palm Beach County were more affected 

than the inlet interval north of the Lake Worth (Palm Beach) Inlet.  

By 2007, reef coverage in most of the county was in decline. This may be due to 

the lack of major storms making landfall in Florida in 2006. Each of the inlet intervals 

saw losses of reef coverage except for the northernmost inlet interval, County Line to 

Jupiter Inlet. A possible reason for the increase in that inlet interval may be that 

Hurricane Florence, while remaining east of The Bahamas, had at least some impact on 

the waters off the county‟s coast. As reported in Jupiter soon after the storm turned north 

towards Bermuda, waves along the beaches were as high as ten feet. These waves may 

have had an impact on the sands underwater. 

Looking at the data for the ten year study, it is important to recognize that the 

amount of reef coverage for the earliest year of analyzation (2000) nearly matches the 

amount during the latest year of analyzation (2009), 331.18 acres and 332.06 acres, 

respectively. Throughout the ten year study, many areas of reef structure which were not 

thought to exist were uncovered and recovered. At its greatest extent, in 2006, the reef 

tract in Palm Beach County was at 450.74 acres, which was about 120 acres greater than 

the earliest date, 2000, (331.18) and at the latest date, 2009, (332.06).   

It is suggested that a further study be done to attempt to determine the cause of 

the near 20% gain in reef exposure between 2003 and 2004. Another suggested study is 

to attempt to analyze solely permanently exposed reef. This could be used to suggest 
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areas of consistent algae and marine life over the decade for which this study has been 

done. 
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