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EXECUTIVE SUMMARY

The purpose of the Coral Reef Evaluation and MomitpProject (CREMP) is to monitor the
status and trends of selected reefs in the Fldfielgs National Marine Sanctuary (FKNMS).
CREMP assessments have been conducted annuabkga@tsites since 1996 and data collected
provides information on the temporal changes inttiercover and diversity of stony corals and
associated marine flora and fauna. The core fimkethods continue to be underwater
videography and timed coral species inventoriesidifRrgs presented in this report include data
from 109 stations at 37 sites sampled from 1996utin 2008 in the Florida Keys and 1999
through 2008 in the Dry Tortugas. The report déssithe annual differences (between 2007
and 2008) in the percent cover of major benthiatéstony corals, octocorals, sponges, and
macroalgae), mean coral species richness and tbidente of stony coral conditions.
Additionally, it examines the long-term trends bétmajor benthic taxa, five coral species that
are the most spatially abundariigntastraea annularis complex, Montastraea cavernosa,
Colpophyllia natans, Sderastrea siderea, and Porites astreoides) and the clionaid sponge,
Cliona delitrix.

In 2008, mean benthic cover values in the Floridaydk N=97 stations) were 13.6% for
octocorals, 12.6% for macroalgae, 6.6% for stonsalsoand 2.2% for sponges. In the Dry
Tortugas =12 stations) cover was 8.7% for octocorals, 12{@84nacroalgae, 10.3% for stony
corals and 1.4% for sponges. From 2007 to 2008ctwer of octocorals and macroalgae
increased in the Florida Keys while cover remaisiadilar for stony corals and sponges. Cover
for all taxa remained similar between years in Bvg Tortugas No significant differences in
mean coral species richness (number of speciestpgon) were observed between 2007 and
2008 in the Florida Keys and Dry Tortugas. The lemgn trends of the four major benthic taxa
varied. Throughout the Florida Keys, stony conmadl @ponge cover has significantly declined
from 1996 to 2008. During this time octocoral cotas significantly increased, and no trend
has been observed for macroalgae. The trendsrwiki@ Dry Tortugas mostly mirror those
occurring in the Florida Keys; the lone divergemeeng octocoral cover has decreased there.
The demise of stony corals is reflected by theideslin cover of four of the five most spatially
prominent species. Overall trends in coverNarannularis complex,M. cavernosa, C. natans,
andP. astreoides were all negative. Only the trend farsiderea indicated cover for this species
remained similar. To date, the mass bleaching tedenng the 1997/1998 EIl Nino Southern
Oscillation (ENSO) resulted in the most substangaluctions in cover. However, during the
last decade, after effects of the 1997/1998 ENSO diasipated, the overall trends remain
negative for these four species. This is mostiybaited to a regional effect of the Lower Keys
and the Dry Tortugas, whereas the sites in the MiddUpper Keys do not exhibit this trend.

It has been widely reported that following the @gig@arance of stony corals on reefs in the
Caribbean and Western Atlantic large-scale shdtsntacroalgae or sponge dominance have
occurred. While CREMP has recorded single yearespir ephemeral blooms after major

disturbances (e.g. after the 1997/1998 ENSO and 2ifricane season) a prolonged shift
towards increased macroalgal cover has not occucrkewise, the slow but steady decreases in
sponge cover as well as decrease€liona dedlitrix suggest that sponges may be vulnerable to
the same stressors that affect stony corals. ldst€REMP findings support a transition to

octocorals at many sites in the Florida Keys. Tiaadition is most apparent in the shallow

forereef where Elkhorn coralcropora palmata, and the blade fire coradWlillepora complanata,
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were previously abundant. Although the demise Af palmata mostly predates the
implementation of CREMP, the mortality of the feammantA. palmata colonies on shallow
forereefs during or shortly after the 1997/1998 EN$s been followed by significant increases
in octocoral cover in this habitat. Considering ttleetocoral cover has rebounded twice
following major disturbances while little or no ma@ry of stony coral cover has occurred (even
during intervals lacking major perturbations), eeef the Florida Keys have likely entered into a
new alternate state where octocorals are replatorg corals as the dominant taxa.
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INTRODUCTION

The purpose of the Coral Reef Evaluation and MomitpProject (CREMP) is to monitor the
status and trends of selected coral reefs, patfis,rand hardbottom areas in the Florida Keys
National Marine Sanctuary (FKNMS). CREMP was ing in 1995 as part of the Water
Quiality Protection Program (WQPP) which mandatexmprehensive monitoring program be
established for corals, seagrasses and water yjualihe FKNMS. CREMP assessments have
been conducted annually at 34 fixed sites sincé E3fl data collected provide information on
the temporal changes in spatial cover and diverditgtony corals and associated marine flora
and fauna. CREMP is one of the longest tenuredtoramg programs in the State of Florida and
has been instrumental in documenting how a vardtperturbations have resulted in both
widespread and localized changes to benthic contgneomposition in the FKNMS. Some
changes are due to direct disturbances that haxered since CREMP was initiated, but many
are likely the result of centuries’ old anthropogemodifications to the South Florida
environment well before the designation of the Szary in 1990 or the inception of CREMP in
1995.

The Florida Keys contains a small year-round regig@pulation of about 70,000 people with a
present day economy that is heavily reliant onismarand fisheries. The Florida Reef Tract is
considered the most widely used and heavily exgdoitoral reef ecosystem on the planet
(Kruczynski 1999; Johns et al. 2001; U.S. CensupWith human exploitation dating back to
the 1500’s. As early as the mid 1800’s, Key Wext already become one of the most populated
cities in Florida due to a prolific commercial fisg industry for conch, sponges, and turtles.
Green turtle and sponge fisheries were major marim®rts during the late T9nd early 26
century but overexploitation of both fisheries lkedtheir collapse by the 1920’s. Since then
other commercial and recreational fisheries tanget wide range of fin- and shellfish (e.g.
grouper, snapper, lobster, and stone crab) havanebgal. Through the 1900’s intense fishing
pressure on many of these resources has forcedgeraeat agencies to establish catch limits
and enact fishery closures (e.g. Goliath groupersddu grouper and Queen Conch). Today
fishing continues for many species, however ther@ general consensus that by the 1970’s and
80’s many of the Florida Keys fisheries had reacthedr peak (Tilmant et al. 1989; Bohnsack
and Smith 1994; Ault et al. 1998; Ault et al. 2004 Clenachan 2008).

Major population increases and onshore developipegan around the turn of the™26entury
with the completion of the Florida East Coast Raywand, in 1912, the completion of the
Overseas Railroad that connected Key West to thielamal. Later, in 1938, the Overseas
Highway and a water pipeline from the mainland wemrestructed, setting the stage for intensive
coastal development projects in the Keys duringdhewing decades. To meet the demands of
a rapidly growing population and the expanding @adtural economy of South Florida,
hydrographic features around the region were peemtanchanged via the building of dams,
canals, and miles of impervious roadways. Durinig time, the removal of large areas of
mangroves, wetlands, and seagrasses severely dethe&olume and altered the chemistry of
water flowing out of the Florida Everglades intmiiitla Bay and eventually across the Florida
Reef Tract (Light and Dineen 1994; Mclvor 1994; fepurean and Robblee 1999). As Key West
became a center for tourism in the 1980’s largéserships began visiting the island and now
bring over 350,000 visitors annually.
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Deteriorating water quality in South Florida an@ thlorida Keys was first recognized in the
1970’s. In addition to the altered flow and chdmi®f water leaving the Everglades, sewage
pollution from local development is often emphadizes the leading contributor to declining
water quality in the Florida Keys (Lapointe et2004). In the 1980’s and 1990’s nutrients and
bacteria associated with storm water run-off andtevavater treatment were recognized as
threats to the ecosystem (Lapointe 1990; Lapointe@lark 1992; Lapointe and Matzie 1996;
Szmant and Forrester 1996; Porter et al. 1999; &aal. 2000; Lipp et al. 2002; Griffin et al.
2003). Wastewater entering nearshore waters caalgatlblooms (Lapointe and Clark 1992;
Lapointe et al. 1994; Lapointe 1997) and led tosubiggical problems in several species, most
notably the reproductive failure of nearshore Qué&mnch, an iconic and commercially
important species (Glazer and Quintero 1998). fdresence of fecal coliform bacteria has been
detected in nearshore waters and corals (Paul £997; Lipp et al. 2002) and has been linked to
coral diseases (Patterson et al. 2002; SutherladdRatchie 2004). Although coral diseases
were first documented in Florida in the 1970’s, ligher prevalence of some diseases in recent
decades may be due to increased nutrient avaiiabiiliconjunction with a greater frequency of
warm sea surface temperature anomalies (Richarii868; Bruno et al. 2003; Lesser et al.
2007). In addition, it is believed that eutrophica increases the severity and duration of coral
disease outbreaks and lowers the resilience ofl ceeds to recover after disturbance events
(McCook 2001; Bruno et al. 2004).

Historically, the shallow forereefs of the Floridays have caused numerous shipwrecks. Many
of the most prominent reefs of the FKNMS are naiéer vessels that collided with them. As
recently as the 1980’s, a number of groundings meduthat destroyed large sections of reef.
Most notably, within an 18-day period in 1989, thitarge ship groundings occurred in iconic
areas of the Florida Keys. The M/V Alec Owen Maid, a 130 meter freighter, crushed over
1.5 knf of coral habitat near Carysfort Reef, the M/V E|pa 143 meter freighter, completely
destroyed 2.5 kfof coral habitat near Elbow Reef, and the M/V MaVientranic, another large
freighter, decimated the reef environment near $kul8hoal. The cumulative impacts of these
groundings, in conjunction with reports of detestimg water quality throughout the region,
were the primary factors leading to the establightéthe FKNMS.

Florida’s coral reefs are also subject to naturadlgurring disturbances. Florida is influenced by
the El Nino Southern Oscillation (ENSO) in the FacODcean, which brings periods of low
winds, little rainfall and extremely high water tpematures to the Florida Keys. Extensive
bleaching of Florida’s coral reefs occurred at i@msce, in 1983 and 1987, prior to CREMP
monitoring, although minor incidences of bleachimgre observed during other years (Aronson
and Miller 2005). CREMP also documented a sevezadbling event in 1997/1998 that resulted
in substantial mortality (Somerfield et al. 2008yVhile coral communities can recover from
mild bleaching events, the frequency and intensitthese events has increased during the last
two decades (Hoegh-Guldberg 1999) and is expededténsify even further (Baker et al.
2008). While most bleaching events are associaitdthermal stress during ENSO years, other
factors such as ultraviolet radiation, turbiditypdaeutrophication can trigger a bleaching
response (Glynn and Colgan 1993; Brown 1997; F&l.€2001; Manzello et al. 2007; Wagner et
al. 2010). Conversely, prolonged periods of lowevdgemperatures have been observed due to
Florida’s subtropical location. Occasional influxed extremely cold arctic air migrates
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southward and can result in widespread coral mtytathen water temperatures become
depressed below the 16°C threshold for extendadgseof time (Roberts et al. 1982).

Tropical cyclone activity has always influenced ®ourlorida, but historical records only
reliably date back to the late 1800’s. In theyeAd800’s several major hurricanes impacted the
state of Florida including the Labor Day Hurricanfel935, which made landfall in the Florida
Keys as a category 5 hurricane and is still thengest hurricane on record at the time it made
landfall in the United States (National Hurricanen@r 2010). Approximately 150 tropical
storms or hurricanes affected the state of Flofida 1950 to 1995. Six of these storms made
landfall as category 3 hurricane or higher in Sdkitbrida between 1950 and 1970. Only one
storm of such intensity made landfall in the regfblurricane Andrew, 1992) between 1970 and
1995 (National Hurricane Center 2010). Howevee, 2004 and 2005 hurricane seasons were
particularly volatile, especially in the Dry Tortagy with five hurricanes and one tropical storm
directly impacting the region (FWRI and DTNP 201l8urricanes are naturally occurring events
from which coral reef organisms are adapted toigerand recover. Hurricanes can propagate
new individuals via asexual reproduction of stondticed fragments (Gilmore and Hall 1976;
Shinn 1976; Fong and Lirman 1995; Fong and Lirm@8&71 Lirman 2000) and under the right
conditions, a rapid recovery can occur within salvgears after the passage of major storms
(Shinn 1976). However, combined with other chrostcessors such as periodic disease
outbreaks, deteriorating water quality, or elevated temperatures, hurricanes can have severe,
long lasting effects on coral reef habitats.

The interconnected oceanography of the Caribbeam lmnd Western Atlantic threatens the
Florida Reef Tract with natural borne marine pandsmThe Caribbean-wide mass mortality of
the long-spined sea urchiDjadema antillarum, affected the Florida Reef Tract in the summer
of 1984 after the disease was first observed aamann January 1983 (Lessios et al. 1984).
Prevailing surface currents (e.g. Yucatan & Gulfeains) transported the disease rapidly
throughout much of the Caribbean and the mortalig estimated at 95% of the population in
nearly all locations (Lessios et al. 1984). Sinlawhite-band disease (WBD) has been a
primary cause ofcropora mortality in Florida (Precht and Aronson 1997; dhteand Miller
2006), as well as in the Caribbean and WestermaAtigAronson and Precht 2001). It was first
documented in the U.S. Virgin Islands (Robinson3)dut had spread to the Florida Reef Tract
by the late 1970’s and early 1980’s. Mass morealiof spatially-dominant acroporid speciés (
palmata andA. cervicornis) due to WBD were observed at several reefs, andeguently, cover
of these species in Florida was estimated to haeéngd >90% by the late 1990’s (Miller et al.
2002; Precht et al. 2002) prior to CREMP.

Coral reef resources in the Florida Keys were figblicly recognized as degraded as early as
1960 when the John Pennekamp Coral Reef StatewRerlestablished. Additional management
efforts were initiated when the public began td fral more protection. The Key Largo National
Marine Sanctuary, adjacent to Pennekamp Park, stbleshed in 1975, and the Looe Key
National Marine Sanctuary was established in 19€8fthough these two marine sanctuaries
encompassed only a small fraction of the FloridayKemarine environment, they laid the
foundation for broader protection of the resourc@n November 16, 1990, after a century of
heavy exploitation, coastal development, and nuosatastrophic ship groundings, Congress
passed a bill that established the Florida Keysodat Marine Sanctuary and Protection Act.
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The Act designated approximately 2,800 square cautniles of state and federal waters in the
Keys as the Florida Keys National Marine Sanctuditye FKNMS included the previously
established marine protected areas, state parkisyddlife refuges but also helped designate
another 24 special protection areas (SPAs) and doalogical reserves as no-take areas. In
conjunction with the EPA WQPP, the FKNMS has alsdtkadvanced wastewater treatment
facilities to remediate deteriorating water quality

CREMP was established in 1996 with the primary gdadxamining temporal changes in coral
benthic communities in the FKNMS and to provideomfation to management organizations on
the status of coral reef resources. Reports peovity CREMP have assisted in evaluating the
efficacy of the SPAs and have aided in the permwiew process for coastal construction
projects and collection of corals in the FKNMS. &mmonitoring was initiated, CREMP has
documented changes in benthic community composdiom to both large-scale and localized
disturbances in the environment. These recordadeavidespread coral mortality that occurred
in association with the 1997/1998 EIl Nino and failog multiple hurricanes that impacted the
region in 2004 and 2005. More localized eventsuohe the 2001 harmful algal bloom in the
Gulf of Mexico/Florida Bay area that dramaticalgduced coral cover at two CREMP sites as
well as a disease outbreak which reduced the afsony corals at one site in the Dry Tortugas
between 2001 and 2003. While it's difficult to tthguish what proportion of the changes
observed by CREMP is directly due to present dagssbrs as opposed to the anthropogenic
disturbances propagated over the last century, CREls predominately observed a decline in
the cover and diversity of corals in the FKNMS. QWE has observed multiple years where
coral cover remained similar, but little recovergsnobserved during these intervals. This report
describes the long-term trends observed by CREMP paiavides insight as to how benthic
community structure in the Keys has changed sirfi®6 land may be shaped in the future.
Additionally, the report outlines the changes imthé& cover and coral diversity between 2007
and 2008. The results presented in this repofudiecdata from 34 sites sampled from 1996
through 2008 in the Florida Keys, and from threesssampled from 1999 through 2008 in the
Dry Tortugas.

METHODS

Site Selection and Station Setup

Sampling locations were initially chosen in 1994ngsa stratified random sampling procedure
(US EPA EMAP). Forty reef sites were selected withe FKNMS and four permanent stations
were installed at each site in 1995. Each stasampproximately 22m long x 2m wide and is
demarcated by two permanent station markers. sgitrtion was stratified across four habitat
types defined as nearshore hardbottom, patch releddlow spur and groove reefs (~3 to 6m
depth), and deep spur and groove reefs (~10 to @®omth). Although sites were randomly
selected, station placement was designed to mospecific stony coral populations within the
selected habitats (e.g. standsAafopora palmata on shallow forereef habitats). In 1999, an
additional 12 stations at three sites were indaltethe Dry Tortugas. As of 1999, CREMP
monitoring included a total of 172 stations at #8ss

A statistical analysis of CREMP’s experimental dasassisted in streamlining the sampling
effort by decreasing the number of stations sampleginning in 2001. As a result of the
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reduction, all CREMP sites presently consist of tawdour monitoring stations. Also starting in
2001, hardbottom sites were removed from the effio® to consistently low coral cover.
Monitoring of additional hardbottom locations wasabntinued in subsequent years and only
one site has been retained (Content Keys). Cobiegs is located in an area commonly
referred to as the backcountry, the gulf-side afdhe Lower Florida Keys region, and has been
more appropriately re-designated as a backcouratghpreef. The current CREMP sampling
effort now includes 109 stations at 37 sites. tBied by habitat, CREMP monitors six stations

at two backcountry patch reef sites, 10 patchsie$ with 30 stations, 12 shallow reef sites with
39 stations and 13 deep reef sites with 34 stafibaisle 1).

The core field methods for CREMP continue to beuthderwater videography of three transects
and a timed station species inventory at each sagptation (Figure 1). Image analysis from
video provides relative estimates of benthic comityunomposition and traditional station

species inventories provide information on coracps richness, presence/absence of disease
and bleaching, anDiadema abundance.
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Figure 1: CREMP sites consist of two to four moriitg stations delineated by permanent markerstioBs are
approximately 2m x 22m and are generally perpetalico the shoreline. Three video (benthic surtegfisects, a
station species inventory (SSI), and a clioniachgeosurvey are conducted annually at each station.
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Table 1. Location, reef type, and number of statismmpled at 34 CREMP sites monitored from 199&utin 2008
in the Florida Keys and three sites from 1999 tgtoR008 in the Dry Tortugas.

Region Habitat/Reef Site No. of Stations
Dry Tortugas Deep Bird Key Reef 4
Dry Tortugas Deep Black Coral Rock 4
Dry Tortugas Patch White Shoal 4
Lower Keys Backcountry Patch Content Keys 3
Lower Keys Backcountry Patch Smith Shoal 3
Lower Keys Deep Eastern Sambo Deep 3
Lower Keys Deep Looe Key Deep 3
Lower Keys Deep Rock Key Deep 2
Lower Keys Deep Sand Key Deep 3
Lower Keys Deep Western Sambo Deep 3
Lower Keys Shallow Eastern Sambo Shallow 3
Lower Keys Shallow Looe Key Shallow 3
Lower Keys Shallow Rock Key Shallow 4
Lower Keys Shallow Sand Key Shallow 3
Lower Keys Shallow Western Sambo Shallow 3
Lower Keys Patch Cliff Green 2
Lower Keys Patch Jaap Reef 3
Lower Keys Patch West Washer Women 2
Lower Keys Patch Western Head 3
Middle Keys Deep Alligator Deep 2
Middle Keys Deep Sombrero Deep 2
Middle Keys Deep Tennessee Deep 2
Middle Keys Shallow Alligator Shallow 3
Middle Keys Shallow Sombrero Shallow 4
Middle Keys Shallow Tennessee Shallow 3
Middle Keys Patch Dustan Rocks 3
Middle Keys Patch West Turtle Shoal 4
Upper Keys Deep Carysfort Deep 2
Upper Keys Deep Conch Deep 2
Upper Keys Deep Molasses Deep 3
Upper Keys Shallow Carysfort Shallow 3
Upper Keys Shallow Conch Shallow 3
Upper Keys Shallow Grecian Rocks 4
Upper Keys Shallow Molasses Shallow 3
Upper Keys Patch Admiral 4
Upper Keys Patch Porter Patch 3
Upper Keys Patch Turtle 2
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Figure 2. Location of 34 CREMP sites sampled fr@@86Lthrough 2008 in the Florida Keys and threessitempled
from 1999 through 2008 in the Dry Tortugas.

Station Species | nventory (SSI)

CREMP has used an established protocol since 1®étion species inventories comprise a
census of all stony corals (Milleporina and Scléré&), presence/absence of coral disease or
bleaching, and counts ddiadema antillarum within a station (44R). Two divers conduct
simultaneous, 20 minute inventories within the syrstation and enter the data on underwater
data sheets. Diseases are categorized as bladk Wwarie complex (including white plague,
white band, white pox), and other (dark spot, yellmand, etc). Upon completion of the survey,
observers compare data underwater (maximum of rinmeutes) to confirm the stony coral
species richness. In the lab, data forms are wede edited, and entered into the FWRI coral
database. Data are validated using establishedl moratoring quality assurance/quality control
protocols.

Video Transects

Video is captured using a SONY TRV 900 to film #ré0cm x 22m transects at each station
(Figure 1). All transects are filmed at a distan€d0Ocm above the reef to yield a ~40cm wide
image. A convergent laser light system aids in ma@&mmg the camera at the appropriate 40cm
distance above the reef surface. Prior to filmearh transect, the videographer films a
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clapperboard that provides information on the datd location of each transect. Filming is
conducted perpendicular to the substrate and fellawchain which marks the center of each
transect. The videographer maintains a steady speed that roughly equals four meters per
minute (~4-5min to complete one 22m transect).

In the lab, video is captured digitally and eadmé&d transect is separated into about 9,000
frames. RavenViell!, an image processing program, is used to rejeémall subset of the
images to create a mosaic. Overlap between thgesns set to 8% or less, resulting in 60-75
nearly abutting images per transect. The imagedhen formatted for PointCount '99 image
analysis software. Fifteen random points are plaoce each image and under each point
observers identify benthic taxa (e.g. stony cavadpecies, octocoral, zoanthid, sponge, seagrass
and macroalgae) and substrate. To ensure idextiiic of benthic fauna is consistent across
observers, an inter-observer file is completed Ibg@unters prior to image analysis. After all
images are analyzed, the data are checked fortgj@asurance and entered into the Microsoft
Access database.

Bioeroding (Clionaid) Sponge Survey

Data on the abundance and cover of three clionaetiges Cliona delitrix, C. lampa, and C.
caribbaea) are collected. Clionaid sponge data are acquisaag a 1m belt transect centered on
the video transects. A PVC pole is held perpendictd the survey tape and the area of each
clionaid sponge is enumerated with a 40cm x 40cedrat divided into 25cm(5cm x 5cm)
grids. The total number of 25mgrids occupied by the sponge is used to estinnateaver for
each sponge enumerated. Data are entered intde €oral database and are used to quantify
the total clionaid spatial coverage at each statiBiionaid area (cAfim?) is calculated for each
station by summing the total area of 25arids enumerated and dividing this value by teizé

of the station.

Statistical & Descriptive Analyses

The results presented in this report include datan f109 stations at 37 sites sampled from 1996
through 2008 in the Florida Keys and from 1999 tigto 2008 in the Dry Tortugas (Table 1).
Where appropriate, the results are presented FKMMIS- (data pooled for all stations), by
habitat, region, site, and for specific region*habigroupings (e.g. Middle Keys patch reefs).
The regions are defined as Upper Keys or “UK” (hd¢ey Largo to Conch Reef), Middle Keys
or “MK” (Alligator Reef to Moser Channel), Lower ke or “LK” (Looe Key to Smith Shoal),
and the Dry Tortugas or “DT” (Dry Tortugas to Tayas Banks), and habitats defined as
offshore deep reefs (OD), offshore shallow reefS)((patch reefs (P), and backcountry patch
reefs (BCP). The results presented here may Magktly from those reported in previous
CREMP reports. Slight differences for values sashpercent cover of benthic taxa or mean
species richness are due to the differences itotabnumber of stations used for the analyses in
this report compared to those of previous yeartudsfor all years have been recalculated using
the current number of stations. Additionally, taites, Content Keys and Smith Shoal, have had
their habitat grouping re-designated to backcoum@ych reef. These sites were formerly
classified as a hardbottom and a patch reef ssgectively, and were included in the analyses
for these habitats in previous CREMP reports.
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Mean species richness was calculated as the nurhpecies per station. To determine if mean
species richness was significantly different acrasgears in the Florida KeydNE97 stations)
and Dry TortugasN=12 stations), repeated measures ANOVA were ugext hoc Tukey tests
(Tukey-Kramer or Holm-Sidak) were used to idensfgnificant differences between 2007 and
2008 and across all years of the project. Longrteends in mean species richness at the habitat
and regional levelN=number of stations for each habitat or region)emvexamined using a
generalized mixed model regression in SAS v9.2chiRess data for each station was log-
transformed and trends were identified as incrgasmdecreasing if the slope of the curve was
significantly differed from zero.

Changes in benthic cover variables between 20072808 were examined for macroalgae,
octocorals, sponges, and stony corals in SAS vI@ test for single year differences of mean
percent cover within region*habitat groupings, aniard-Roger mixed model ANOVA was
used with year and region*habitat groupings (arelrtinteraction) as fixed effects and sites
within region*habitat groupings treated as a randefiect. Point count data from video
transects were pooled for individual stations amqulase root-transformed. F-tests were used to
identify differences in benthic cover means betwgesrs for each region*habitat grouping, and
to identify differences among region*habitat grawgs within years. Only data from the Florida
Keys were analyzed because having only three Driugas sites limit the power of the analysis.
For the Florida Keys, the analysis included 10 aethabitat groupings from 34 sites
(N=number of stations for each region*habitat grogpinDifferences in percent cover for the
Dry Tortugas are described at the site level.

Long-term trends in benthic cover variables (stonyal, macroalgae, octocoral, sponge), five
sentinel stony coral speciedlpophyllia natans, Montastraea annularis, Montastraea
cavernosa, Porites astreoides, andSderastrea siderea), and clionaid area were examined using a
generalized mixed model regression in SAS v9.2rcd?e cover data for the benthic variables
and sentinel coral species for each station weodedoand square root-transformed. Data for
clionaid area (cAim?) were log-transformed. Stations were nested witfiies and sites nested
within region*habitat groupings to provide long+tertrend information at the site and
region*habitat level. Regression lines were catad from 1996-2008 to understand how the
benthic variables and sentinel coral species chaee changed throughout the history of the
project. Additionally, regressions were calculaftein 1999-2008 to specifically assess how the
benthic variables and sentinel coral species hasgponded in the aftermath of the 1997/1998
ENSO. Long-term trends were calculated for clionedgder beginning in 2001 when CREMP
initiated clionaid monitoring. For all datasets, ragression analysis for each site or
region*habitat grouping was calculated from annpefcent cover values and the slope was
identified as increasing or decreasing by t-tesima@hstrating that the slope was significantly
different from zero. The analysis included altofal2 region*habitat groupings from 34 sites
in the Florida Keys and three sites in the Dry tigas N=number of stations for each
region*habitat grouping). Region*habitat groupiregsd the corresponding number of stations
and sites can be found in Table 1. To reduce dissipility of Type | errors due to repeating the
same test on multiple region*habitat groupings itess a Bonferroni correction was used to
adjust the p-value for identifying a trend as digantly increasing or decreasing. At the
region*habitat level the p value was adjusted<6.p04 and at site level to p<0.002.
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RESULTS & DISCUSSION
2007 vs. 2008

All Benthic Cover Variables

When pooled for all stations in the Florida Keis=07) mean percent cover values were greatest
for octocorals and macroalgae (Figure 3). Macmalgpver did not significantly change
between 2007 and 2008 (p=0.52; df=1, 90; F=0.4dpaining similar at 11.3% and 12.7%,
respectively. Octocoral cover did significanthciease (p<0.001, df=1, 90; F=15.58), rising
from 12.1% in 2007 to 13.6% in 2008. There wassmgmificant change in stony coral cover
(p=0.78; df=1, 90; F=0.07) between years with vale¢ 6.7% in 2007 and 6.6% in 2008.
Sponges, which make the smallest contribution tdtbe cover, significantly increased between
years (p=0.015; df=1, 90; F=6.09) rising from 1.B%2007 to 2.2% in 2008 (Figure 3).

When combined for both years and pooled for atiata within each habitat type, back country

patch reefs averaged the highest macroalgal cé#9%). Deep forereefs were next (14.7%)

followed by patch reefs (8.6%) and then shallovwerfeef sites (6.6%). In contrast, octocoral

cover was most abundant at patch reefs (20.3%)shatiow forereefs (12.0%). The greatest

stony coral cover was found at patch reefs (16.0%®n shallow (3.9%) and deep forereef

habitats (2.4%), followed by backcountry patch sg@£0%). Sponge cover was highest at patch
reefs (3.6%) and offshore deep reefs (3.0%) butritarted <1.0% cover to shallow sites (0.6%)

and backcountry patch reefs (0.8%).
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Figure 3. Mean (+ SE) of macroalgae, octocorabngie and stony coral cover for 2007 and 2008 pofadedll
stations N = 97) in the Florida Keys. Error bars represeetdtandard error of the mean. Asterisks (*) derot
significant difference in percent cover between72280d 2008.

When combined for both years and pooled for alicata within each region, macroalgae was
the most spatially abundant benthic taxa in the eolteys (15.4%), while octocorals provided
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the greatest cover in the Middle (18.6%) and Upkeys (17.5%). Stony coral cover was
similar across the three regions, ranging from 5ii%he Middle Keys to 7.0% in the Upper
Keys. Lower Keys stony coral cover was 6.9%. ellkse, sponge cover was similar across all
three regions ranging from 1.6% in the Upper Key83.0% in the Middle Keys.

When combined for both years and pooled for alicsta within each region*habitat grouping,
macroalgae was highest at Lower Keys backcountighpaeefs (49.9%), which had the lowest
mean cover values for the other three benthic fayroaps. Octocoral and sponge cover were
highest at Middle Keys patch reefs at 31.0% an&o5.despectively. The highest stony coral
cover values were found on the Lower Keys patchsré9.7%). For a complete list of benthic
cover values for all sites and region*habitat giogp, please see Appendices 1 and 2.

For all stations in the Dry Tortugabl£¥12), macroalgae was the most prevalent benthi itax
both years (Figure 4). Macroalgal cover was 14.892007 and decreased slightly to 12.5% in
2008. Stony coral was the next highest contribtadrenthic cover, averaging 9.8% in 2007 and
10.3% in 2008, followed by octocorals with 8.2% eown 2007 and 8.7% in 2008. Similar to
the Keys, sponges made the smallest contributidrethic cover and averaged <1.5% for both
years.
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Figure 4. Mean (x SE) of macroalgae, octocoraingee and stony coral cover for 2007 and 2008 poaledll
stations = 12) in the Dry Tortugas. Comparisons acrosssyeare not statistically examined.

Macroalgal cover

Although there was no significant change in theraNeover of macroalgae in the Keys between
2007 and 2008, the mixed model ANOVA yielded a gigant interaction effect between year
and region*habitat (p<0.001; df=10, 90; F=3.51)hisTresult suggests changes in macroalgae
were localized or restricted to certain habitatioeggroupings. For example, in the Lower
Keys, macroalgal cover significantly increased ackzountry patch reefs from 27.2% in 2007
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to 72.6% in 2008 (p<0.001; df=1, 90; F=14.39), bgmificantly decreased in deep (19.8% to
12.2%, p=0.007; df=1, 90; F=7.46) and shallow fee¢habitats (7.3% to 2.9%, p=0.009; df=1,
90; F=7.05). All other region*habitat groupingoeled no difference across years.

Differences in percent cover were not examinedissizdlly for the Dry Tortugas. Only
descriptive analyses are presented for Bird Keyf,Rélack Coral Rock (deep sites) and White
Shoal (patch reef). Two sites, White Shoal and IBl&oral Rock, decreased in macroalgae
percent cover from 2007 to 2008 (17.2% to 13.6% Eh@% to 1.2%, respectively). Bird Key
Reef increased from 17.0% to 22.8%.

Octocoral Cover

There was a significant interaction effect betwasar and region*habitat, indicating that

octocoral cover did not increase at all region*tatbgroupings. Mean octocoral percent cover
was significantly higher in 2008 than in 2007 ateth region*habitat groupings (Lower Keys

shallow and deep sites, and Middle Keys shalloes}itThe remaining region*habitat groupings
demonstrated no change. Octocoral cover increfieed 5.4% to 7.1% (p=0.001; df=10, 90;

F=10.54) in the Lower Keys shallow forereef, andnir8.3% to 9.9% (p=0.007; df=10, 90;

F=7.58) in the Lower Keys deep forereef. The shalforereef in the Middle Keys increased

from 13.8% to 18.1% (p<0.001; df=10, 90; F=21.39).

Differences in percent cover were not examinedssizdlly for the Dry Tortugas. For the three
Dry Tortugas sites, octocoral percent cover in@dadightly from 2007 to 2008 at White Shoal
(6.1% to 8.8%) and at Black Coral Rock (6.4% td%4).4 Bird Key Reef had a decrease in cover,
from 12.2% in 2007 to 9.7% in 2008.

Soonge Cover

Similar to octocorals, there was a significant iatéion effect between year and region*habitat,
indicating that sponge cover did not increaselaegion*habitat groupings. Mean sponge cover
significantly increased from 2007 to 2008 in tw@iom*habitat groupings: Lower Keys deep

sites from 1.5% to 2.7% (p<0.001; df=10, 90; F=22.dnd Middle Keys deep reefs from 2.3%
to 3.4% (p=0.01; df=10, 90; F=5.85).

Differences in percent cover were not examinedssizlly for the Dry Tortugas. At White
Shoal and Bird Key Reef, sponge cover changed Vetyg: <0.1% from 2007 to 2008.
However, sponge cover at Black Coral Rock incredsed 1.6% in 2007 to 2.7% in 2008.

Sony Coral Cover

Although there was no significant change in theraNecover of stony corals in the Keys, a
significant interaction effect suggests that onemare region*habitat groupings significantly
changed from 2007 to 2008 (p=0.04; df=10, 90; F2R.0A significant increase in coral cover
was found at the Middle Keys shallow forereefs wheover changed from 1.2% to 1.7%
(p=0.01; df=10, 90; F=6.88).
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Differences in percent cover were not examinedssiezally for the Dry Tortugas. In the Dry
Tortugas, stony coral percent cover increased atkBCoral Rock (from 17.5% to 18.5%).
Stony coral is the largest contributor to bentlaiorfa at Black Coral Rock. Stony coral percent
cover remained similar between 2007 and 2008 attdMBhoal (~1.5%) and Bird Key Reef
(~10.5%).

Stony Coral Species Richness

In the Florida Keys, mean coral species richness 1829+0.45 (SE) and 13.6+0.44 species per
station in 2007 and 2008 respectivelN=07). Results from the post hoc Tukey-Kramer
pairwise comparisons demonstrated there was ndfisagt difference between 2007 and 2008
(Tukey-Kramer q=0.795; p>0.05); however, richnesbath years was significantly higher than
2006 (Tukey-Kramer; g=4.8 and 4.1; p<0.05). In@0&ean species richness was 12.7+0.42
species per station, which is the lowest value rogab since the inception of CREMP in 1996.
This low occurred after a record number of tropisgtems impacted the Keys during a 16
month period between 2004 and 2005. Mean speaksess in 2008 was lower than in 1996
(Friedman’s ANOVA; ¥=300.35, df=12p<0.001). Mean richness values can be clustered into
four groups (Figure 5). Values reported for 20@d 2008 are similar to those reported for
2003-2005 and 1999 (Figure 5). Richness valuemglinese years, however, are significantly
lower than those from1996-1998 and 2000-2002 (ligb)y. The period from 1996-1998
represents the peak in mean species richness edsey\CREMP. Although the overall trend is
negative, an encouraging sign is that mean speciasess has rebounded twice after 1999 and
2006.
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Figure 5. Boxplot of annual mean species richnegske Florida KeysN = 97). Lower point, error bar and bound
of the box show the™ 10", and 2% percentiles of the data respectively. The solath bar within each box
represents the median. The solid red bar withah d@x is the mean. Upper bound of the box, drasrand upper
point show the 78 90", and 98' percentiles of the data, respectively. Lettersvabeach box indicate summarized
results of Tukey-Kramer pairwise comparisons. émsttdenote significant differences in mean sped@sess
across year(s) with group A>B>C>D.
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In the Dry Tortugas, mean coral species richness M829+0.82 (SE) and 19.2+0.84 species per
station in 2007 and 2008, respectivalr(12). There was no significant difference betwden t
two years (Holm-Sidak, t=0.44; p>0.05), but asha Florida Keys, richness in both years was
significantly higher than in 2006 (Holm-Sidak, t5§3; p<0.05). Also similar to the Keys, overall
mean species richness has declined since monitosiag initiated in the Dry Tortugas
(Friedman’s ANOVA; X=48.15, df=9, p<0.001). Although not as high as@99 and 2001,
species richness values for 2007 and 2008 are gablpao those observed in 2002 and 2003
(Figure 6). Mean species richness in the Dry dgas reached its lowest level between 2004
and 2006. This may be in part due to a coral diseatbreak that occurred at Bird Key Reef in
2001, but the successive and violent hurricaneossagf 2004 and 2005 likely played a role in
temporarily removing some species from the sités/den 2004 and 2006. After three years in
which no major disturbances affected the regioralativersity appears to be recovering.
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Figure 6. Boxplot of annual mean species richnagsiDrtugas N = 12). Lower point, error bar and bound of the
box show the 8, 10", and 2% percentiles of the data respectively. The solédthbar within each box represents
the median. The solid red bar within each bokésrhean. Upper bound of the box, error bar an@upgint show
the 78", 90", and 9% percentiles of the data, respectively. Lettersvabeach box indicate summarized results of
Tukey-Kramer pairwise comparisons. Letters desagificant differences in mean species richnesssacyear(s)
with group A>B>C.

The long-term trends show mean species richnessdéelsed across all regions and in all
habitat types (Figures 7 and 8). By region, thrgdat decreases have occurred in the Lower
Keys with an average decrease of ~2.6 speciestaorsfrom 1996 to 2008. By habitat, the
largest decreases have occurred at the backcopaic reefs with an average decrease of ~5.0
species per station from 1996 to 2008. The Dry ugas (19.4+0.85) maintains the highest
diversity of any region and the deep sites havénipleest diversity of any habitat (16.7+0.6 SE).
When pooled for all stations in the Florida Kel)=97), mean species richness has declined by
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~2.3 species per station since 1996 and by ~1.8espper stationN=12) in the Dry Tortugas
since 1999.
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Figure 7. Mean species richness by region from 1888 in the Florida Keys and 1999- 2008 in the Doytugas.
The total number of stations sampled annually &mheregion was 12 in the Dry Tortugas, 46 in thevéioKeys, 23
in the Middle Keys, and 28 in the Upper Keys. Axed model regression indicated a declining trendllifabitats
(p<0.001).
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Figure 8. Mean species richness by habitat from64838 in the Florida Keys. The total humber aftishs
sampled annually for each habitat was 26 at pateffisy 39 at shallow forereefs, 26 at deep forereefd 6 at
backcountry patch reefs. A mixed model regressiditated a declining trend in all habitats (p<@.p0
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Sderastrea siderea was the most widely distributed species, occurangll 109 stations in
2008. The next four most recorded species ViRargtes astreoides (107 stations)Millepora
alcicornis (107), Agaricia agaricites (99) andMontastraea cavernosa (93). A majority of the
species observed by CREMP have decreased in peesg¢rstations in the Florida Keys. The
species that have had the greatest decrease anpeesince 1996 aFeavia fragum (33 stations),
Mycetophyllia lamarckiana (21), Acropora cervicornis (17), Colpophyllia natans (15) and
Porites porites (15). In contrast, only a few species have irgedain distribution, including
Agaricia fragilis (13 stations),Stephanocoenia intersepta (9), Sderastrea siderea (6), and
Sderastrea radians (4). The absolute change in the presence/absence forsgecies, pooled
for all stations from 1996 to 2008 is demonstratedigure 9.

Agaricia fragilis
Stephanocoenia michelinii
Siderastrea siderea
Siderastrea radians
Porites astreoides -
Madracis decactis
Montastraea cavernosa -
Millepora alcicornis
Cladocora arbuscula
Solenastrea bournoni
Dendrogyra cylindrus
Phyllangia americana -
Manicina areolata
Isophyllia sinuosa
Agaricia lamarcki
Oculina diffusa
Diploria clivosa

Mussa angulosa -
Dichocoenia stokesi
Agaricia agaricites
Mycetophyllia danaana -
Mycetophyllia aliciae
Madracis mirabilis
Scolymia cubensis -
Meandrina meandrites
Acropora palmata
Montastraea annularis
Millepora complanata -
Eusmilia fastigiata
Diploria strigosa -
Leptoseris cucullata
Diploria labyrinthiformis
Mycetophyllia ferox -
Porites porites -
Colpophyllia natans
Acropora cervicornis
Mycetophyllia lamarckiana
Favia fragum -
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Figure 9. Change in the presence/absence (numistatains) of individual coral species from 199&@98 in the
Florida Keys N=97 stations).
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Stony Coral Condition

CREMP records the incidence of four coral condgiancluding bleaching and three stony coral
disease categories: black band disease (BBD), wisgases (e.g. white plague, white band, and
white pox), and other diseases (e.g. dark spotpweband, and red blotch). In 2007, when
pooled for all stations in the Florida Keys and Omyrtugas {=109), BBD occurred at nine
stations, bleaching at 63, other diseases at d/waite diseases at 46. The incidence of all four
conditions declined from 2007 to 2008: BBD to sestations, bleaching to 31, other diseases to
67, and white diseases to 32. The incidence cfadis and bleaching varied among coral
species. Of the four conditions recorded, BBD @éd the fewest number of coral species in
both 2007 and 2008 (four species each year; Figjoye BBD primarily attacks large boulder
and brain corals, with the highest incidence oéngronMontastraea annularis complex and\.
cavernosa. Bleaching was the most common condition recordednduthe 2007 survey,
affecting 80% (32 of the 40) of the observed capécies (Figure 10). The incidence of
bleaching was much lower in 2008, affecting 17 sseof the 41 observed (41.5%). Other
diseases were observed on 13 species in 2007 gimdseecies in 2008 (Figure 10). The species
most commonly affected by other diseases i&derastrea siderea, Stephanocoenia inter septa,

and M. annularis complex. The number of species affected by whiseates, as well as the
number of stations where the disease was recordecedch species, remained relatively
consistent between 2007 and 2008 (Figure 10). Speeies most affected by white diseases
wereAgaricia agaricites, M. annularis-complex,M. cavernosa, Porites astreoides, S. intersepta,

and S siderea.
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Figure 10. Coral species affected by black bandadis, bleaching, other diseases, and white disea$#REMP
stations in 2007 and 2008. Red bars show the nuoflstations where the species was present. Bankindicate
the number of stations where the species was aiderith the disease/conditioN=109 stations in th&lorida

Keys and Dry Tortugas.

Throughout the project, BBD has been the least comuof the four conditions (Figure 11).
Although BBD peaked at 19 stations in 1998, it hasbeen recorded at more than 11 stations
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within a single year since (Figure 11). Peak iaok of both white diseases and other diseases
occurred in 2002 (92 and 99 stations, respectivelyince then the incidence of both disease
categories has declined. The decreasing incideinite syndromes may be partially linked to
the decline ofAcropora cervicornis andA. palmata across CREMP stations (see species richness
section). Both species of Acroporid corals are mwamly targeted by white diseases and have
dramatically reduced their populations (Precht let2802, Miller et al. 2002). Bleaching
incidence has followed a similar trend to white atiter diseases, peaking in 2002 at 90 stations,
with decreasing incidence since then (Figure 1it)is important to note that observations of
bleaching and disease by CREMP occur throughouwtritiee field season (May through August)
rather than strictly during the peak heating pesiotlAugust and September, when bleaching is
reportedly most prevalent. Because CREMP recdreddricidence of disease and bleaching at
the station level, but does not estimate the peaxa or severity of the condition of the corals
within a station, the results presented here peadyeneral reference to stony coral condition
during a particular year, but do not necessarilece peak bleaching years or disease outbreaks.
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Figure 11. Incidence of black band disease, whdeases (e.g. white plague, white band, and wtute, pther
diseases (e.g. dark spot, yellow band, and reaMgloand bleachingN=109 stations in th&lorida Keys and Dry
Tortugas.

Long-term Trends

All Benthic Cover Variables

In the Florida KeysN=97 stations), the long-term trends in the mearmeygrcover of the four
major benthic groups (macroalgae, octocorals, stamgls, sponges) differ from 1996 to 2008.
Stony corals and sponges have significantly dedlimetocorals have significantly increased,
and no significant change in macroalgae has besereéd (Figure 12). Over the project’s
duration, coral cover has declined ~48%, from 12iA%996 to 6.6% in 2008 (Figure 12).
During this period coral cover reached its lowestel, 6.4%, in 2006. Sponges have always
provided the smallest contribution to biotic coveut like stony corals, demonstrate a negative
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trend since the project’s inception. Sponge cdwas decreased from 3.3% in 1999 to 2.2% in
2008, with the lowest value for sponge cover agtdiim 2006 (1.4%). Although octocoral cover
initially declined during the first four years did project, it has steadily increased every year
since except in 2006. Octocoral cover reached @minmim value of 8.9% in 2000, and a
maximum value of 13.7% in 2005. In 2008, mean cmtal cover throughout the Florida Keys
was 13.6%, a value only slightly below the 2005kpédacroalgae has been the most variable
component of biotic cover. When combined acrobyesrs, mean macroalgal cover is ~11%.
The highest cover was attained in 1998 (18.9%) evthile lowest cover was found in 2005
(7.4%).
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Figure 12. Mean annual percent cover for the foajombenthic taxa recorded in CREMP image analydisan
percent cover is pooled from 97 stations in thei&oKeys. A mixed model regression indicates erelesing trend
for stony corals and sponges (p<0.001), an inangasend for octocorals (p<0.001), and no trendnfiacroalgae
(p>0.05).

In the Dry TortugasN=12 stations), the long-term trends in mean percemér from 1999 to
2008 are decreasing for stony corals, sponges @odarals. There was no significant change in
macroalgal cover (Figure 13). From 1999 to 20@8alccover declined ~45% from 18.9% to
10.3% (Figure 13). As in the Keys, coral covercheal its lowest level, 8.8%, in 2006. Sponge
cover decreased from 3.6% in 1999 to 1.4% in 200kcroalgae has been extremely variable
annually, but mean macroalgal cover is ~11% whesramed across all years. The minimum
value of 5.7% was observed in 2005 while a maximmafue of 14.7% was recorded in 2007. In
contrast to the Keys, octocoral cover has not asmd. Octocoral cover remained relatively
unchanged from 1999 to 2003 (~12.2%), then decdeftsen 2003 to 2006 to a low of 7.6%,
and has subsequently increased to a value of §172608.
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Figure 13. Mean annual percent cover for the foajombenthic taxa recorded in CREMP image analydisan
percent cover is pooled from 12 stations in the Doytugas. A mixed model regression indicates eradesing
trend for stony corals, octocorals, and sponge8.(®d) and no trend for macroalgae (p>0.05).

Multiple factors have likely contributed to the ebged changes in benthic cover during the last
13 years. Most notable was the protracted ENS@06#/1998. It is well documented that this
event caused extensive bleaching and mortalithentider Caribbean and Western Atlantic and
was responsible for dramatically reducing coralezan the Keys (Somerfield et al. 2008). It is
also evident that the impact of this ENSO reverfeefaacross multiple taxonomic groups. In
addition to the declines in stony coral cover, CREMcorded consecutive years with decreases
in octocoral and sponge cover between 1997 and.198% cause of mortality most likely
varied across the different taxonomic groups. [Deslin stony corals may have been directly
due to the inability to recover from bleaching cayrhave been caused by a subsequent disease
infection following bleaching. Although not docunted during the 1997/1998 ENSO, studies
since have demonstrated that disease outbreaks fadiowing mass bleaching events because
elevated water temperatures increase pathogerenoeland the physiological stress endured by
corals during bleaching weakens their ability ghtioff infection (Harvell et al. 2002; Bruno et
al. 2007; Miller et al. 2009). The expulsion obsge symbionts leading to their bleaching has
been concomitant during times of coral bleaching€¥te 1990; Cowart et al. 2006) and may
have been responsible for the drop in sponge couéris more difficult to ascertain the
mechanisms that facilitated the decrease in ocabamover. Massive bleaching events for
octocorals have not been documented like thosstémry corals and sponges; however, they are
highly susceptible to Aspergillosis caused by tinegiisAspergillus sydowii (Nagelkerken 1974;
Smith et al. 1996; Nagelkerken 1997; Nagelkerkeal .e1997; Geiser et al. 1998hd red band
disease caused by cyanobacteria of the gédmaflatoria spp. (Santavy and Peters 1997;
Richardson 1998). It is possible that elevatedteegeratures facilitated an increase in these
conditions. Confounding the identification of tlsauses of mortality is the fact that two
hurricanes struck the Keys during this time. Hamie Georges was especially destructive
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because it followed on the heels of the 1997/198E5@, making landfall in Key West in
September of 1998. Hurricane Irene struck a ydar la 1999. Benthic organisms that escaped
direct physical damage may have eventually succdnbesedimentation or scouring because
they were already surviving in a sub-optimal caodit It is impossible to identify what
proportion of the mortality was due to bleachinggedse, or storm damage during these years,
but the most substantial loss of stony coral, antaicand sponge cover the project has recorded
followed this period of combined disturbances. isolation, hurricanes have resulted in
reductions to benthic cover but not to the exteithessed between 1997 and 1999. For
example, following the volatile hurricane season2005, CREMP observed a reduction in
benthic cover for all three taxonomic groups, hese declines were minor compared to the
declines following the combined impacts of the /9988 ENSO and Hurricane Georges.

Recurring patterns of how benthic communities raegpto periods of major disturbances are
evident. As discussed above, all three major @gooaips are extremely vulnerable to acute
disturbances. Declines in the spatial coveragihese taxa create a favorable environment for
macroalgae to proliferate and rapidly colonize neaailable substrate. CREMP has recorded
several instances where the decrease in coralpm)s cover was concomitant with an increase
in macroalgal cover. This shift was observed i®98.9vhen macroalgal cover doubled from
9.2% to 18.8% and to a lesser extent in 2000. phttern also repeated itself after the 2005
hurricane season. Conversely, even though hugtcaeduce coral cover by breaking or
crushing stony corals or ripping octocoral holdfaifsbm the substrate, the heavy scouring and
wave action also removes macroalgae. Two of tmeedd values in macroalgal cover were
observed during or immediately after periods whenribanes directly impacted the region.
CREMP data also suggests that sponges and octedwmae the ability to recover after major
disturbances while stony corals are less resil@ctocoral and sponge cover began to rebound
only two years after the 1997/1998 ENSO and thesgugess of Hurricanes Georges and Irene.
This trend was evident again after 2006.

Sony Coral Cover

In addition to evaluating the overall trends, trendbenthic cover were examined systematically
by region*habitat grouping and by site to determihéhe observed trends were localized or
widespread | varied and was dependent upon the number of statidtiin a region*habitat
grouping or site). Of the 12 region*habitat desigons, all but one has significantly decreased
in coral cover since 1996 (Bonferroni adjusted,.p€8@). The lone exception was the Middle
Keys patch reefs (Figure 14; Table 2). Coral cdeethis region*habitat grouping was 15.8%
in 1996 and 14.3% in 2008. It reached its highmsint in 2002 (16.3%). This trend is
remarkable considering how severe the declines imea other areas during the first four years
of monitoring. The Lower Keys backcountry patckfsealso fared well until cover collapsed at
these two sites following a diatom algal bloom ®02 (Hu et al. 2003). Between 2001 and
2002, coral cover in this region*habitat groupin@mped from 10.0% to 2.7% and has never
recovered. The most notable losses in coral cbetwveen 1996 and 1999 occurred at the
shallow sites. A majority of CREMP shallow site® docated on shallow spur and groove
forereefs whereAcropora palmata was once abundant. BotA. palmata and Millepora
complanata suffered mass mortalities due to bleaching, diseask hurricanes that occurred
during this time period (Miller et al. 2002; Pasten et al. 2002; Precht and Miller 2006;
Somerfield et al. 2008). Although much of #heropora palmata cover on shallow forereefs had
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already disappeared before CREMP sampling begantettmaining stands were reduced from
3.0% to 0.4% during these four years (Somerfieléle2008, Miller et al. 2002). The deep
forereefs also had substantial reductions in cavaér, from 6.7% to 3.7%, during the first four
years of monitoring. Losses in this habitat wereair by the mortality of large boulder and
brain corals likeMontastraea spp, Colpophyllia natans, andDiploria spp. Stony coral cover at
Patch reefs in the Lower Keys dropped from 27.5%4986 to 19.7% in 1999, and patch reef
cover in the Upper Keys dropped from 16.3% in 1894.1.9% in 1999. Like deep forereef
sites, patch reefs primarily consist of large fegilding corals fontastraea spp, Colpophyllia
natans, andDiploria spp) but contain the highest coral cover values of laalyitat in the Keys.
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Figure 14. Mean annual percent stony coral cogerl® region*habitat groupings in the Florida Keysd Dry
Tortugas. N for each region*habitat grouping varies (see meshod he trend for each region*habitat grouping was
determined from a mixed model regression. Thectior all slopes is reported in Tables 2 & 3.

At the site level, long-term trends reflect thoselhee region*habitat level. Twenty-four of 34
sites (70%) in the Florida Keys show a decreasiagd in coral cover since 1996 (Table 4,
Appendix 5). Five of eight sites that did not haveignificant change were patch reefs while the
other three were Upper Keys deep sites. All shaflarereef sites show a negative trend which
is indicative of the mass mortalities and lack @favery ofA. palmata, and in some instances,
M. complanata in this habitat. No sites show an increasing tri@ncbral cover.

Because of the substantial coral mortality incumeadng the first three years of the project, the
inclusion of these data will always produce a niegatrajectory on the overall trends in coral
cover. In order to evaluate how the benthic comtguesponded after the 1997/1998 ENSO,
we created a new baseline using the values fron® H389a starting point. Most of the acute
mortality associated with 1997/1998 ENSO and Han& Georges had abated by 1999.
Although the incidence of coral diseases may hareammed high, coral cover did increase
slightly between 1999 and 2000, so it is reasonablassume that the major declines in cover

2009 CREMP Final Report 29 F2345-02-10-F & F2635-06-09-F



from these events had ceased. If a recovery ial cover was to begin, 1999 appears to be an

appropriate starting point.

Table 2. Long-term trends of the four major benttaga recorded in CREMP image analysis.
determined for 10 region*habitat groupings from iaed model regression between 1996 and 2008. pretztion
of trends for each region*habitat grouping are Hase Bonferroni corrected p values for repeatetinggadjusted

p<0.004).

Reg*Hab | Stony Corals | Macroalgae Octocorals Sponges
LK BCP decreasing increasing no change no change
LK OD decreasing decreasing no changge no change
LK OS decreasing no change increasing decreasjing
LK P decreasing no change increasing no change
MK OD decreasing no change no change no change
MK OS decreasing no change increasing decreasjng
MK P no change no change no change decreasing
UK OD decreasing no change increasing no charge
UK OS decreasing no change increasing decreasjng
UK P decreasing no change no changge no change

Table 3. Long-term trends of the four major benttaga recorded in CREMP image analysis.
determined for 12 region*habitat groupings from i@ed model regression between 1999 and 2008. prettion
of trends for each region*habitat grouping are Hase a Bonferroni corrected p value adjusted fpeated testing

(adjusted g0.004).

Reg*Hab | Stony Corals | Macroalgae Octocorals Sponges
DT OD decreasing no change decreasing decreasing
DT P decreasing no change decreasing decreasing
LK BCP decreasing increasing no change decreasing
LK OD decreasing decreasing increasing decreasing
LK OS decreasing no change increasin decreasing
LK P no change no change increasing no change
MK OD decreasing no change increasing no change
MK OS decreasing no change increasing decreasing
MK P no change no change increasing decreasing
UK OD no change no change increasind; no change
UK OS decreasing no change increasing decreasing
UK P no change no change no change no change

Trendsewer

Trendsewer

Table 4. Long-term trends of the four major benttsixa recorded in CREMP image analysis for adtssfrom
1996-2008 and 1999-2008. Thirty-four sites wermgad from 1996 and 37 sites since 1999. Trendse we
determined from mixed model regression. Interpi@tzof trends for each site is based on a Bonfércorrected p
value adjusted for repeated testing (adjusted [©2).0

Stony Corals M acr oalgae Octocorals Sponges
96-08 99-08 96-08 99-08 96-08 99-08 96-08 99-08
Decreasing 24 15 1 1 1 2 4 4
No Change 10 21 31 34 23 19 28 33
Increasing 0 1 2 2 10 16 0 0
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Unfortunately, the timeline adjustment improves tésults very little. Since 1999 coral cover at
eight of the twelve region*habitat groupings congd to decline (Table 3). This result includes
the shallow and deep reef habitats in all regiorsept the Upper Keys deep sites (Table 3).
Patch reefs in all regions, except in the Dry Tgas) are the only areas that have not had
significant coral declines during the last decad¢.some locations, substantial losses of coral
cover have continued to occur since 1999. As desdrpreviously, the 2001 diatom algal bloom
coincided with a decline in cover at the backcoupttch reef sites from 10.0% to 2.7% within
a single year. Since 1999 coral cover at the twyp Tdrtugas deep reef sites has dropped from
23.6% to 14.5%. This result is due to a diseasiereak onMontastraea annularis complex and
Colpophyllia natans that occurred between 2001 and 2003, and to theigdi destruction of six
storms passing within 100 miles of the Dry Tortugasween August 2004 and October 2005
(FWRI & DRTO, 2010). The region*habitat groupingrfpatch reefs in the Dry Tortugas
consists of only one site (White Shoal) and coweré was diminished when the remaining
Acropora cervicornis was struck by disease in 2003 and then decimatedeb2004 hurricanes
(FWRI & DRTO, 2010). In all, of the 37 sites manitd by CREMP since 1999, 15 (40%) still
continue a declining trend in coral cover, 21 (5&ldw no change, while one site (3%) did
increase in coral cover (Table 4, Appendix 6). hAligh some sites may demonstrate no
significant change in coral cover over the lastadies significant decreases may be less
detectable because coral cover values are so lw.example, the Middle Keys shallow sites
(Sombrero and Tennessee) had a coral cover valR®@f after 1999, but had dropped to 1.7%
by 2008.

The most notable instances of coral cover deckirese 1999 have occurred in the Dry Tortugas
and Lower Keys regions. Only two sites show aided trend in the Middle and Upper Keys
(Appendix 7). Sixteen of 19 (84%) sites in the Digyrtugas and Lower Keys show a negative
trend in cover. While linkages between disturbareents and coral decline are easier to
propose in the Dry Tortugas (FWRI & DRTO, 2010)isitmore complicated to distinguish why
the Lower Keys sites have not fared as well aselwshe Middle and Upper Keys. Fourteen of
the 16 sites in the Florida Keys with a decreasiagd in coral cover from 1999 to 2008 were
based in the Lower Keys (Appendix 7). One reasoithis decline could be due to forereef sites
in the Lower Keys possessing higher cover valugibeng in 1999 as compared to those in the
Middle or Upper Keys. If the variance around th&eiannual mean cover values is equal for
most sites (e.g. +1% cover), significant changesowver would be easier to detect at sites with
higher coral cover values than at those with loames. Although the proportional change in
cover at two sites could be similar (e.g. a 25%re®se in cover), the absolute change in cover
would be greater at sites with higher cover. Thangario would yield a significant trend at a site
starting with 8% cover but not necessarily for ongh only 2% cover. Although the
discrepancies in coral cover across sites shoultbhsidered, anthropogenic activities related to
the thriving tourism industry of Key West need ® d¢onsidered and may be responsible for the
trends observed in the Lower Keys. Key West iscfugse ship port for the entire Keys region
and the most intensively developed island.

The one site that showed a trend of increasingystonal cover was Jaap Reef. Another site,

Molasses Shallow, did show a significant increaseadver since 1999, however it was slightly
over the Bonferroni corrected p value of p<0.0020(p1). Both sites are worth discussing
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because they are dissimilar in reef geology andneconity structure, yet both show trends that
may be indicative of a slow, gradual recovery & $ipatially dominant species that exist within
these habitats. Jaap Reef is a high relief neegdiardbottom composed of a monotypic stand
of Montastraea annularis complex. Molasses Shallow represents a typicalashaspur and
groove reef formation of the Florida Keys that wasviously dominated bgcropora palmata.
The cover of the sentinel species at each of tilséges had significantly declined by 2000.
Montastraea annularis cover decreased from 28% to 14% at Jaap ReeAapal mata decreased
from 6% to <0.6% at Molasses Shallow. Since thraet minor increases in cover have been
detected and the cover of these two species haagae17% and 1.5%, respectively, over the
last three years (2006 through 2008). Why corathese two particular sites have responded
positively since 2000 is difficult to explain, btitis pattern demonstrates why sites need to be
evaluated independently of one another. It shaidd be pointed out that while the trend over
the last decade is positive, cover at these stesli far below the amount that was recorded in
1996. If anything, these trends suggest the tieggiired forM. annularis complex andA.
palmata to return to levels of 1996 is on the order of atkxs, given no further substantial
bleaching or other large scale disturbances occur.

Macroalgal cover

First, it is important to consider that CREMP imagealysis does not identify individual
macroalgae species and lumps calcareous, fleshy, féementous forms into a single
macroalgae category. Annual observations of mégaeacan fluctuate because of variability in
the timing of annual sampling, the potential of pling during a periodic algal bloom, and the
ephemeral nature of many algal species that occwoeal reefs. These factors can confound
interannual observations of macroalgae, but ingtgtion of long-term patterns do appear to be
consistent. In terms of the overall trend for tbgion, CREMP results indicate that macroalgal
cover has remained relatively similar. Contraryréports for other Caribbean and Western
Atlantic regions (Hughes 1994; Aronson 2000; Rogerd Miller 2006), reefs in the Florida
Keys have not undergone a phase-shift towards ralaio dominance. Although some
increases in macroalgal cover have persisted icifgpeegion*habitat groupings, these instances
are localized and do not reflect the broader tfendhe entire region.

Seven of the ten region*habitat groupings show ar@dterm trend in macroalgal cover since

1996 (Table 2, Figure 15). One grouping, the Loleys backcountry patch reefs, indicates an
increasing trend while the Lower Keys deep forepmshonstrates a decreasing trend (Table 2).
Even when the first three years of data are exdudee trends remain the same for all

region*habitat groupings. Examining the resultsthe site level supports the region*habitat

grouping trends, where >90% of all sites indicabetrend in macroalgal cover dating back to

1996 or to 1999 (Table 4; Appendices 7 and 8).

The results of both the region*habitat and siteeletime—series analyses suggest that the entire
region has avoided a prolonged phase-shift towasrcieased macroalgal cover. While single
year spikes or short term blooms have been obserfted major disturbances (e.g. after 1997
and 2005), they have not been sustained. Whethertal periodic scouring by hurricanes,
herbivorous fish abundance, or other top-down odsitrmacroalgal cover values remain
between 10% and 15% in most areas. Whether thmgr @alues represent an ecologically
balanced level of macroalgae on Keys reefs candimtdd, but the target level for fleshy
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macroalgae on Mesoamerican reefs (Belize, Mexicogd adlonduras) is set at 15%
(HealthyReefs.Org 2010). Most areas in the Keggatedly fall under this target for macroalgal
cover. In addition, recent evidence demonstrateg tmean Caribbean macroalgal cover
calculated from 1996-2005 was ~21%, a value nedible that of the Florida Keys (Schutte et
al. 2010). Although it has been previously propb#®at Keys reefs have undergone a phase
shift towards macroalgae (Maliao et al. 2008), tbheg-term trends beyond 2000 do not
corroborate this finding. Maliao et al. (2008) ynised the first five years of CREMP data
(1996-2000) and while the brief increase in magalatover following the mass bleaching event
lead to this conclusion, elevated levels of magalacover (like those of 1998) have not been
observed since.
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Figure 15. Mean annual percent macroalgal coverlforegion*habitat groupings in the Florida KeysdaDry
Tortugas. N for each region*habitat grouping varies (see meshod he trend for each region*habitat grouping was
determined from a mixed model regression. Thectior for all slopes is reported in Tables 2 and 3.

Deep forereef sites consistently have the highestroalgal cover and are the most susceptible
to periodic blooms (Figure 15). Upwelling is knowm bring excess nutrients to the Florida
continental shelf and can deliver up to 40 times #mount of nitrogen and phosphorus as
compared to terrestrial/nearshore inputs (Leickteal. 2003). Upwelling varies in space and
time so periodic blooms may not uniformly affedtralgions of the Keys. This variability also
makes assigning causality to periodic blooms chglleg. Pulses in macroalgal cover can also
be attributed to temperature (Lirman and Biber 2000may be no coincidence that the highest
macroalgal values observed by CREMP occurred #ieeextremely warm water temperatures
of the 1997/1998 ENSO. Both upwelling and tempemtan work simultaneously to foster
conditions characteristic of macroalgal blooms,etln spatially distinct locales. Since
upwelling is usually accompanied by cooler wateicheng the continental shelf, CREMP should
be able to better distinguish between warm wateperature anomalies and upwelling in the
future now that subsurface temperature loggers baea deployed at a subset of CREMP sites
throughout the FKNMS.
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Octocoral Cover

Similar to macroalgal cover, CREMP image analysesdnot differentiate across octocoral
species and pools encrusting, branching, and fetediorms into a single octocoral category. It
should also be mentioned that unlike corals, mdga@a and sponges, quantification of octocoral
cover provides an estimation of both canopy andhiere.g. encrusting forms) cover. This is
important to remember when interpreting the lorrgatérends for octocorals for at least two
reasons. First, canopy cover can increase withlequiring additional substrate or the
recruitment of new colonies. Thus, octocoral coean increase without a net gain of
individuals. Second, octocoral community structuaeies greatly by habitat and by site in the
Florida Keys. Because all octocorals are grouped & single category, a variety of species
and/or growth forms may be responsible for appéresntilar trends at different sites. Because
CREMP pools the results for all phenotypes, inttgiron and discussion of trends are only
summarized at the gross taxa level.

Five of the ten region*habitat groupings show agréasing trend in octocoral cover since 1996
(Table 2, Figure 16). This trend includes all &halforereef groupings and the Upper Keys
deep and Lower Keys patch reef designations. thkioregion*habitat groupings demonstrated
no change in cover. Considering the decline iroamtals during the first several years of
monitoring, the long-term trends demonstrate dieesly other benthic fauna groups (e.g. stony
corals and sponges) have not shared. For mosbrfdgibitat groupings, octocoral cover
reached low points in 1999 or 2000 (Figure 16).00atal cover has been trending positively for
all region*habitat groupings except those in thg Dortugas and the Lower Keys backcountry
patch reefs (Table 2). When using 1999 as a lmes#di evaluate recovery after the 1997/1998
ENSO in the Florida Keys, it is clearly evidentttlmamajority of sites are gaining in octocoral
cover. This result is most apparent at shalloverieef locations. Of the 12 shallow sites
CREMP monitors, ten show an increasing trend (p3Z).th octocoral cover from 1999 to 2008.
The two other shallow sites, Carysfort Reef and kREey, also had considerable gains in
octocoral cover but the regression yielded vallightyy above the Bonferroni adjusted p value.
In all, 16 of 37 sites (43%) have been increasmgdatocoral cover since 1999, while 19 (51%)
have not changed, and only 2 (6%) have decreageple@lix 10). The two sites that decreased
in octocoral cover are the deep sites in the Drgtuigas. Dating back to 1996, when the trend
includes the mortality associated with the firgefiyears, only one site shows a decrease in cover
suggesting that octocoral cover at nearly all sigesfully recovered (Appendix 9).

Octocorals are susceptible to physical damage #tomms and disease (Yoshioka 1994; Cerrano
et al. 2000). Mean octocoral cover (pooled foistdtions) declined gradually between 1996 and
2000 but there was a substantial decrease afteB. 19%nother large decline also occurred
between 2005 and 2006. During 1998 and 2005, galv&orms (e.g. Hurricane Georges and
Wilma) impacted the Keys. Physical abrasion durstgrms causes partial mortality when
branches are severed and whole mortality when astislifare detached from the substrate (Coma
et al 2004). The amount of partial or whole matyahflicted varies greatly by depth (because
storm surge is usually strongest at shallow foffeleeations) and predominately causes
complete mortality at these sites due to holdfatachment (Yoshioka and Yoshioka 1991).
The decline in octocoral cover after 1998 may ddsolinked to thermal stress following the
1997/1998 ENSO. Although CREMP has no direct ewseeo support this hypothesis, the 1999
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mass mortality of octocorals in the Mediterraneaas vattributed to extremely high water
temperature anomalies which facilitated the on$et disease outbreak (Cerrano et al. 2000). It
would not be unreasonable to assume that disesseahtributed, in some part, to the mortality
observed because the relationship between elevsgadtemperatures and increased disease
virulence has been substantiated (Harvell et &918runo et al. 2007).
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Figure 16. Mean annual percent octocoral coverlf@rregion*habitat groupings in the Florida Keys dbdy
Tortugas. N for each region*habitat grouping varies (see methodhe trend for each region*habitat grouping was
determined from a mixed model regression. Thectior for all slopes is reported in Tables 2 and 3.

The time required for octocoral cover to be restafter a disturbance is highly dependent upon
the type of mortality inflicted. Regeneration cba much faster if it begins from already
established colonies that only suffered partialtalitly. The onset of recovery is delayed when
the settlement and growth of new recruits is remlir The slow and gradual increase in
octocoral cover at many reefs may reflect the lateovery process. It is likely that hurricanes,
in part, were responsible for reductions in octat@over after 1998 and 2005 by stripping
whole colonies from the substrate. It would beested that re-establishing octocoral cover to
previous levels would require several years ofuigémrent and growth. In addition, CREMP
image analysis favors large, spatially dominantaorgms because the probability of a random
point landing on smaller taxa is reduced. Everedruitment of octocorals was initially high
following a hurricane it would only contribute amor fraction to overall benthic cover because
of the small size of recruits. An increase in ootal cover would likely require several years of
uninterrupted growth before CREMP image analysisldidegin to detect the increase in cover.
This lapse explains why octocoral cover valuesraftdisturbance remain stagnant for a year or
two before gradually increasing in many region*hatbgroupings.

The most dramatic increases in octocoral cover loaeeirred at the shallow forereef sites. In

2008, cover at most shallow forereef sites hadamby recovered to 1996 levels but exceeded
them. When combined for all sites in this habigignation, octocoral cover has increased from
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8.7% in 1996 to 12.9% in 2008. The increase is awene impressive considering octocoral
cover had declined to 5.8% by 2000. Prior to 2086;0pora palmata and Millepora
complanata were still the two predominant stony coral specasmany shallow forereef
locations. As discussed above, both of these spetiffered mass mortalities due to bleaching
and disease during the early years of CREMP mongand have shown little or no recovery
since. The loss of these species opened up Emepes of substrate for other organisms to
colonize. Octocorals appear readily adapted tsigtein the harsh shallow forereef environment
and can tolerate wave action and intense ultraviafiation at the shallow depth. The transition
from stony coral to octocoral dominated communities been observed before, however all
examples are exclusive to the Pacific (Endean.et288; Fox et al. 2003; Stobart et al. 2005).
Phase shifts from stony coral to macroalgae or gpotiominated assemblages have been
reported for Belize, Jamaica and other Caribbeast®Vie Atlantic locations (Aronson 2005;
Rogers and Miller 2006; Norstrom et al. 2009), thet long-term trends reported here suggest a
shift to octocoral dominated communities. Althougis trend is readily apparent on shallow
forereefs, and is concurrent with the demise oftmorals, increasing octocoral cover at some
deep forereef and patch reef sites suggests thsiticen is starting within other habitats in the
Florida Keys.

Sponge Cover

Like macroalgae and octocoral categories, all gnoferms are pooled into a single sponge
category during CREMP image analysis. Of the fowmjor taxonomic groups CREMP
identifies, sponges generally are the smallestritrior to biotic cover at most sites. Six of the
ten region*habitat groupings show a negative tramdsponge cover since 1996 (Table 2).
Middle and Upper Keys deep forereefs and Lowerldpper Keys patch reefs did not change in
sponge cover (Figure 17, Table 3). None of théorégabitat groupings show a positive trend
in cover since 1996. The outlook does not chahd®99 is used as a starting point. All but
four of the 12 region*habitat groupings show a dasing trend in sponge cover (Table 3) with
the same four region*habitat groupings exhibitirg change in cover. Both region*habitat
groupings in the Dry Tortugas show a decliningdremce 1999. When examined by site, only
four of the 34 sites show a negative trend in cougce 1996 (Appendix 11). The same four sites
are the only sites to show a decreasing trend wanahyzed from 1999 to 2008 (Appendix 12).
This result suggests that sponge cover is only mallg decreasing at many sites, but when
these sites are clustered within their specificaiethabitat grouping, a stronger negative trend is
revealed for the larger spatial area.

Sponges, similar to stony corals and octocoral® wanlnerable to disease, bleaching,
sedimentation, physical damage from storms, anohfuhralgal blooms. Many of these factors
have contributed to the decline of sponge coveloatlized and regional spatial scales.
Widespread declines were recorded after the 1998/ENSO. Between 1997 and 1999 sponge
cover in the Florida Keys was reduced from 2.7%.1®6. Most notable were the declines at the
deep forereef locationsXestospongia muta provide a large portion of the sponge cover inghes
habitats and are susceptible to both disease aagdhihg (Cowart et al. 2006; Lopez-Legentil et
al. 2008). Bleaching oK. muta has been observed on other reefs during periodseére
thermal stress and lack of recovery may have beeause of the decline in sponge cover
observed from 1997 to 1999. Another regional patterdecline was observed following the
2005 hurricane season. Several large storms likem&\directly impacted the Florida Keys.
Hurricane Wilma alone inundated parts of the Keyh w10’ storm surge. Wave action and
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heavy storm surge increase sedimentation whichtenaind clog sponge oscules, resulting in
suffocation (Schmahl 1990). Localized events halg® influenced sponge cover at specific
areas. The harmful algal bloom that spread adfus3Nest Florida shelf and Florida Bay in
2001 decimated sponge cover on Lower Keys backcpyrdtch reefs. This diatom bloom
significantly reduced the cover of sponges (mukh stony corals) from 3.3% in 2001 to 0.6%
in 2002 in this region*habitat grouping (Figure 17Algal and cyanobacteria blooms occur
periodically in Florida Bay and also have viruleitects on sponge populations and seagrass
communities (Butler IV 1995).
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Figure 17. Mean annual percent sponge cover foed@n*habitat groupings in the Florida Keys ang Dortugas.
N for each region*habitat grouping varies (see methodhe trend for each region*habitat grouping was
determined from a mixed model regression. Thectior for all slopes is reported in Tables 2 and 3.

It is noteworthy that none of the region*habitabgpings nor individual sites have shown an
increase in sponge cover since 1996 or 1999. Sgoageother Caribbean reefs have rapidly
increased in cover or abundance in areas previagslypied by stony corals following a major
disturbance (Williams et al. 1999; Aronson et &l02; Rutzler 2002; Weil et al. 2002). Although
this transition was reported for the Florida Kdaysyas mostly drawn from nearshore hardbottom
environments undergoing eutrophication, rather tlhram patch and forereef habitats (Ward-
Paige et al. 2005). It may be the frequency of mdisturbances affecting the Florida Keys that
limits the potential transition from stony coral sponge dominated communities. It also
appears, at least in the interim, that spongesgatbe Florida reef tract are at competitive
disadvantage in colonizing newly available substradmpared to the ability and success of
octocorals.
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Sentinel Stony Coral Species

To further evaluate the decline of stony coralagherm trends were analyzed from the percent
cover data for five sentinel coral species. Folloyvihe decline oAcropora palmata in the late
1990s Montastraea annularis complex (includes allannularis subspecies),Montastraea
cavernosa, Colpophyllia natans, Sderastrea siderea, and Porites astreoides represent the five
most spatially-dominant scleractinians in the FlariKkeys and Dry Tortugas. Of these five
speciesM. annularis complex has historically maintained the highesttiab@overage of any
coral species. At project inceptioll. annularis complex cover was greater than 5% in the
Florida Keys and more than 8% in the Dry TortugBgre 18). The next most spatially
abundant species M. cavernosa, with cover ranging between 2% and 4%, dependiranupe
region. For bothiMontastraea spp., coverage is higher in the Dry Tortugas thathe Florida
Keys. Colpophyllia natans, S siderea, andP. astreoides round out the top five, comprising
between 0.5% and 2% cover and represent the thiodgh fifth most spatially abundant corals.
When percent cover data are pooled for all stationhe Florida KeysN=97) from 1996 to
2008, and in the Dry Tortugas (N=12) from 1999 @@&, M. annularis complex,M. cavernosa,

C. natans, and P. astreoides exhibit decreasing trends in spatial cover (Figut8sand 19).
Sderastrea siderea is the only species to buck the negative trendoagrcfor this species has
remained relatively similar throughout the projeéithough the trends in this report present an
overall decline foM. annularis complex,M. cavernosa, andC. natans, the decrease in cover for
these species is often driven by the death of al@ge individuals. The size-specific mortality
of large boulder and brain corals colonies is naew phenomenon and has been described by
Porter and Meier (1992) in Florida and by Hugheale2000) in Jamaica. These three species
are all broadcast spawners, and poor recruitmées feave not been able to mediate the loss of
cover for these massive species (Hughes and T&08€; Miller et al. 2000). Surprisingly,
even the brooding specieB, astreoides, shows an overall decreasing trend. This is not a
massive, reef building coral but a “weedier” spedieat is adept at quickly colonizing available
substrate after disturbances. In some parts o€CtrébbeanpPorites astreoides has increased in
relative abundance and mediated the loss of conarg(Green et al. 2008) but this scenario is
not reflected by the CREMP trends observed in fbeda Keys and Dry TortugasSderastrea
siderea appears to be the most tolerant of these five selstiand has shown no response to the
acute and chronic stressors that have reducedtiez of the other four species.
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Figure 18. Mean annual percent cover Mbntastraea annularis complex (Mann),M. cavernosa (Mcav),
Colpophyllia natans (Cnat) Porites astreoides (Past), andSderastrea siderea (Ssid) in the Florida KeysN=97).
Mean percent cover is pooled from 97 stations éFRlorida Keys. A mixed model regression indicatesds for
all species were decreasing (p<0.002) ex&ajsrastrea siderea.
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Figure 19. Mean annual percent co@alpophyllia natans (Cnat) Montastraea annularis complex (Mann)M.
cavernosa (Mcav), Porites astreoides (Past), andSderastrea siderea (Ssid) in the Dry TortugasNEL12). Mean

percent cover is pooled from 12 stations in the Doytugas. A mixed model regression indicatesdsefor all
species were decreasing (p<0.002) ex&agerastrea siderea.
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Montastraea annularis complex

Montastraea annularis complex has suffered the largest loss of spatia¢icduring the CREMP
monitoring timeframe, with widespread declines odog in most regions and habitats. Since
1996, M. annularis complex cover has had a negative trend at seveterofregion*habitat
groupings (Table 5). These trends are upheld aal$abitat types in the Lower Keys region,
and at deep forereefs in the Middle and Upper Kelsen at patch reefs in the Middle and
Upper Keys, the p values (p=0.008 for both regioms)e only slightly above the adjusted
Bonferroni corrected value £0.004) and is supportive of a decreasing trend ath b
region*habitat groupings. Of all the decreasesepled during the initial years, the most
dramatic occurred at the Lower Keys patch reefssmd¢wer was reduced from ~11.6% in 1997
to ~6.0% in 2000. When the analyses are condwstéeting in 1999 (after the immediate effects
of the 1997/1998 ENSO are removed), the number emflidng region*habitat groupings
decreases from seven to five (Table 6). Since 189%abitat types in the Lower Keys show a
continued decline except for the patch reefs. Witespread decline iM. annularis is also
clearly evident when data are analyzed at the Isitel: 15 of 34 (44%) sites have had a
significant reduction in cover since 1996 (Appentl®). Site-level declines were less extreme
after 1999, yet a third of all sites (12 of 37 sjteontinued to loskl. annularis complex cover at

a significant rate (Appendix 14). The most alargniate of loss since 1999 has occurred in the
Lower Keys and Dry Tortugas deep sites. When coatbinith the results of the Lower Keys
shallow forereefs, the trends suggest a strongnagized effect that may be tied to the intense
development of the Lower KeydMViontastraea annularis is highly susceptible to disease
outbreaks, bleaching, and hurricane damage, ansiytiexgistic effect of these multiple stressors
may be exacerbated by additional stressors retatedensive coastal development in the Lower
Keys. The decline of this specibas been widely reported throughout the Caribbean en
remote, isolated reefs (Hughes 1994; Gardner @0883; Edmunds 2007).

Table 5. Long-term trends fo¥lontastraea annularis complex (Mann)M. cavernosa (Mcav), Colpophyllia natans
(Cnat) Porites astreoides (Past), andSderastrea siderea (Ssid). Trends were determined for 10 region*habit
groupings from a mixed model regression from 1906& Interpretation of trends for each region*hetbi

grouping are based on Bonferroni corrected p vdioreepeated testing (adjusted(p004).
Reg*Hab Mann M cav Cnat Past Ssid
LK BCP decreasing no change no change decreasing no change
LK OD decreasing decreasing decreasing decreasging ngehan
LK OS decreasing decreasing decreasirhg decreasing ngehan
LK P decreasing decreasing no change no change no change
MK OD decreasing decreasing no change no change no change
MK OS no change decreasing no change no change no change
MK P no change no change no change no change no change
UK OD decreasing decreasing no chande no change no change
UK OS decreasing decreasing no change no change no change
UK P no change no change no change no change no change
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Table 6. Long-term trends fddontastraea annularis complex (Mann)M. cavernosa (Mcav), Colpophyllia natans
(Cnat) Porites astreoides (Past), andSderastrea siderea (Ssid). Trends were determined for 12 region*tatbit
groupings from a mixed model regression from 19008 Interpretation of trends for each region*hatbi

grouping are based on Bonferroni corrected p valmeepeated sampling (adjusteddp004).

Reg*Hab Mann M cav Cnat Past Ssid
DT OD decreasing decreasing decreasing decreasjng ngehan
DT P no change no change decreasing no change no change
LK BCP decreasing no change no change decreasjng no change
LK OD decreasing decreasing decreasing no change noehpang
LK OS decreasing no change no change decreas|ng no change
LK P no change no change no changge no change no change
MK OD decreasing no change no change no change no change
MK OS no change no change no change no change no change
MK P no change no change no changge no change no change
UK OD no change no change| no change no change no change
UK OS no change decreasing Nho change no change no change
UK P no change no change| no change no change no change

Table 7. Long-term trends féontastraea annularis complex (Mann)M. cavernosa (Mcav), Colpophyllia natans
(Cnat)Porites astreoides (Past), andSderastrea siderea (Ssid) at CREMP sites from 1996-2008 and 1999-2008.
Trends were determined for 34 sites sampled si®&& And 37 sites since 1999 from a mixed modelession.
Interpretation of trends for each site are basedonferroni corrected p values for repeated sargp{adjusted

p<0.002). The trends at each site are shown in Agipes 13-22.
MANN MCAV CNAT PAST SSID
96-08 | 99-08 | 96-08 | 99-08 | 96-08 | 99-08 | 96-08 | 99-08 | 96-08 | 99-08
Decr easing 15 12 6 5 5 3 5 5 0 0
No Change 19 25 28 32 29 33 28 32 33 37
Increasing 0 0 0 0 0 1 1 0 1 0
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Figure 20. Mean annual percent coverMidntastraea annularis complex at 12 region*habitat groupings in the
Florida Keys and Dry Tortugad\ varies for each region*habitat grouping (see metho&lope direction for each
region*habitat grouping is reported in Tables 5 &nd

Montastraea cavernosa

The long-term trends fdvlontastraea cavernosa are similar to those favl. annularis complex.
The overall trajectory (pooled for all stations)iire Florida Keys or the Dry Tortugas is negative
whether the analysis starts in 1996 or 1999. SI9&86, seven of ten region*habitat groupings in
the Florida Keys showed a declineNh cavernosa cover (Table 5). Only three region*habitat
groupings have historically had cover values >1.0Mtdle Keys patch reefs, Lower Keys patch
reefs and Dry Tortugas deep sites (Figure 21)th@®fkeven region*habitat groupings showing a
decreasing trend since 1996, only the Lower Keyshpeeefs started with cover values >1.0%.
When data from 1996-1998 are excluded from theyaiglonly three of the 12 region*habitat
groupings show a decline in percent cover (Table ©f the three region*habitat groupings
showing a decreasing trend since 1999, only the Tagtugas deep sites started with cover
values above 1.0%. This area has experiencedp dezline in cover, decreasing from 5.2% in
1999 to 2.9% in 2008. The difference in trendshé baseline begins prior to or after 1999
suggests the stress associated with 1997/1998 BMS(Qorimarily responsible for the reduction
of M. cavernosa cover at many locations. For example, the numbesiteE where the cover of
M. cavernosa was declining in the Florida Keys was reduced @865after 1999 (Appendices 15
and 16). Although this result may be partially daediminished cover values fdf. cavernosa

at some sites, the cover of this species does & | decreasing trend since 1999 in the
region*habitat groupings where it is most abundatiddle and Lower Keys patch reefs. Thus,
the trends foiM. cavernosa may be directed by a species-specific vulnerabibtyarge-scale
bleaching events, but the coral may be less seasiother stressors that continue to reduce the
coverMontastraea annularis complex. A consistency across bdflontastraea spp. is that both
corals appear to have fared better on patch rhafs @t deeper sites since 1999 (Appendices 13
through 16).
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Figure 21. Mean annual percent coveMuintastraea cavernosa at 12 region*habitat groupings in the Florida Keys
and Dry TortugasN varies for each region*habitat grouping (see metho&lope direction for each region*habitat
grouping is reported in Tables 5 and 6.

Colpophyllia natans

Similar to Montastraea cavernosa, Colpophyllia natans cover is highest on patch reefs in the
Middle and Lower Keys and the deep sites in the Tistugas, ranging between 1.0% and 2.8%,
while cover values for all other are region*habiggbupings are <1.0% (Figure 22). When
pooled for all stations, long-term trends are niegain the Florida Keys and Dry Tortugas
whether the analysis starts in 1996 or 1999. Téwimks at the region*habitat level are not as
widespread as foMontastraea annularis and M. cavernosa. At the region*habitat level, only
deep and shallow forereefs in the Lower Keys ingi@adecrease in cover since 1996 (Table 5).
This trend continues from 1999-2008 on the LoweyKdeep reefs and is evident in both Dry
Tortugas habitats. The noticeable decline in cinetween 2001 and 2003 in the Dry Tortugas
was due to a disease outbreak at Bird Key ReefréaicedC. natans cover from 3.5% in 2001
to 0.7% in 2003 at this site (Morrison et al. 2008plpophyllia natansis vulnerable to a variety
of diseases and disease outbreaks have occurtedifad major disturbance events (Whelan et
al. 2007). Also similar toM. cavernosa, C. natans cover was strongly influenced by the
1997/1998 ENSO. For example, when examined byisite Florida Keys from 1996-2008,
five sites show a negative trend (Appendix 17).teAfl999, the number of sites showing a
decreasing trend is reduced to three but two ofites were in the Dry Tortugas. Only one site
continued to decline in the Florida Keys after 198ppendix 18). On a positive note, cover has
increased at one site, Western Head, a Lower Katchpeef. LikeM. cavernosa, this species
appears more vulnerable to large-scale bleachiegtsvand may be more tolerant of chronic
stressors.
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Figure 22. Mean annual percent coverCofpophyllia natans at 12 region*habitat groupings in the Florida Keys
and Dry TortugasN varies for each region*habitat grouping (see mesho8lope direction for each region*habitat
grouping is reported in Tables 5 and 6.

Porites astreoides

Porites astreoides is found in a variety of habitats. The overallnttefor P. astreoides (pooled

for all stations) in the Florida Keys or for theyDrortugas is negative whether the timeline starts
in 1996 or 1999. The trend in the Florida Keysgiscipally driven by three region*habitat
groupings that show a significant decline when yed from either 1996 or 1999: Lower Keys
deep and shallow forereef sites and backcountighpaiefs. When analyzed from 1999 to 2008,
three region*habitat groupings show a significaetlohe: the Lower Keys shallow forereef and
backcountry patch reefs and the Dry Tortugas dédep. sAlthough the 1997/1998 ENSO event
reduced the cover of the large boulder and brairalsodiscussed above, the cover Rof
astreoides did not significantly change early in the projegtept at the Lower Keys deep reefs.
Of the three region*habitat groupings that had tiegarends from 1996 to 2008, this was the
only grouping in which cover did not show a sigeuint trend when analyzed from 1999 to 2008.
The other two groupings in the Florida Keys, aslwslDry Tortugas deep sites, had negative
trends from1999 to 2008, demonstrating a large gtam of P. astreoides mortality has been
recent. At both the Dry Tortugas deep sites andidroKeys patch reefs, precipitous and
consecutive annual declinesRnastreoides cover were observed starting in 2003 and continued
through 2006 (Figure 23). At the backcountry pateefs, the collapse in cover coincided with
the diatom algal bloom in 2001. Site level resuétBect the patterns of loss observed at the
region*habitat level, with five sites indicatingnagative trend in both time series from 1996 to
2008 or 1999 to 2008 (Appendices 19 and 20). pattern indicates that the most severe losses
of P. astreoides have occurred following the 1997/1998 ENSO evéht. consistent pattern was
found among the sites with a decreasing trend,tdeaat one site in nearly all regions and
habitats had a negative trend (Appendix 20).
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The results presented here are somewhat surpbsisgd upon the findings reported elsewhere
in the Caribbean. Given both the acute and chnoaigre of the stressors influencing the Florida
Reef Tract, corals with r-selected life historiesuld be expected to thriveorites astreoides is
considered a faster growing, “weedier” species tied high recruitment rates because of its
brooding reproductive strategy (McGuire 1998; Knowl 2001). This is an ideal solution for
surviving in periodically disturbed habitats. Arciease in the relative abundance and cover of
P. astreoides has been documented on multiple reefs in the Gaaib during the last several
decades (Green et al. 2008), and would be expéctdee Florida Keys due to the widespread
declines of acroporid coraésxdMontastraea annularis complex. Recruitment rates and juvenile
abundance appear to be high Rirastreoides on Florida reefs (Miller et al. 2000; Keller and
Donahue 2006)) but survival of larger adult colsniaust be low since cover has remained
similar or declined at many locations. AlthouBbrites astreoides is reported to be resistant to
acute stressors such as warm water anomalies (Eteesl990) and some chronic stressors such
as sedimentation (Gleason 1998), the synergistectebf multiple chronic stressors such as
nutrient enrichment, over-fishing, and sedimentatio inhibit the recruitment and survival of
smaller colonies for many species (Bak and Meedi@@9; Mumby et al. 2007). It can only be
suggested that the level of chronic stressorsentting the Florida Keys and Dry Tortugas are
strong enough to have deleterious impactsPorastreoides. Another possibility is that the
increasing shift to octocoral dominance may be timgi the recruitment and survival &.
astreoides at some locations, especially on shallow foreree¥rect spatial competition and
allelopathic interactions between octocorals amhystcorals have been shown to inhibit the
recruitment of stony coral larvae (Maida et al. 399laida et al. 2001).
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Figure 23. Mean annual percent covePofites astreoides at 12 region*habitat groupings in the Florida Keysl
Dry Tortugas. N varies for each region*habitat grouping (see methodSlope direction for each region*habitat
grouping is reported in Tables 5 and 6.
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Sderastrea siderea

Sderastrea siderea is the only species of the five sentinel stony Isothat does not show an
overall decreasing trend in cover whether pooledafbstations in the Florida Keys or the Dry
Tortugas, regardless of analyses started in 1996968. Mean annual percent cover fr
siderea has remained relatively unchanged since 1996 (Bgut8 and 19). All ten
region*habitat groupings indicate no trend in cowethe Florida Keys since 1996 and the trend
in cover for all 12 region*habitat groupings hasneéned flat in the Florida Keys and Dry
Tortugas since 1999. Results at the site level mithose of the region*habitat groupings.
Thirty-three of 34 sites demonstrate no changeirecfrom 1996 to 2008 and all 37 sites show
no change in cover from 1999 to 2008 (Table 7; Ayees 21 and 22). The only site to show a
change in cover was Cliff Green, a Lower Keys pasgf, and the trend at this site was positive
(Appendix 21).Sderastrea siderea mean cover was highest on patch reefs in the FEldfielys,
especially in the Middle and Lower Keys (betweeh%.and 4.0%), followed by deep sites
where cover ranges between 0.5% and 1.5%.
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Figure 24. Mean annual percent coveSalerastrea siderea at 12 region*habitat groupings in the Florida Kaysl
Dry Tortugas.N varies for each region*habitat grouping (see metho8lope direction for each region*habitat
grouping is reported in Tables 5 and 6.

Of the five sentinel coral species examin&dlerastrea siderea is the most resilient in the
Florida Keys and Dry Tortugas. Unlike the otheg&rframework building coraldMontastraea
spp and Colpophyllia natans, dramatic reductions in the cover 8f siderea did not occur
following the 1997/1998 ENSO.Sderastrea siderea appears tolerant of adverse conditions
during these extreme disturbances and the factthigatong-term trend in cover has remained
unchanged at nearly all locations suggests theiespes also resistant to chronic stressors.
Sderastrea siderea is widely distributed around Florida, is common siallow, nearshore
carbonate Gulf of Mexico platform reefs on the FlarWest coast, and is also found at the very
northern extension of the Florida Reef Tract in filaCounty (Colella et al. 2008; Gilliam
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2009). Reefs in both of these localities frequentixperience turbid conditions, wide
fluctuations in sea temperature, and are subjeten@strial inputs and runoff from adjacent
estuaries (Riegl and Dodge 2008). The relativeiy labundance d. siderea in both stable and
harsh environments lends evidence to the highlyptada nature of this species. It may be
unexpected thad. siderea would be the most suited to conditions in the FarKeys and Dry
Tortugas, but changes in coral species compositemm be regionally and locally specific.
Although P. astreoides has partially mediated the decrease in coral comemany reefs in the
Caribbean (Green et al. 2008), a transition fieropora cervicornis to Agaricia tenuifolia has
been observed in Belize (Aronson and Precht 2004 @mA. cervicornisto Porites poritesin
the Bahamas (Curran et al. 1994). If a shift ilac@ommunity structure is to occur in the
Florida Keys, it certainly appears thatsiderea would be the viable candidate to become the
most spatially abundant coral.

Clionaid Cover

Colony area (cfiim?) and abundance (number of colonies per statiomp wecorded for three
species of clionaid spongeSli{ona delitrix, C. lampa, andC. caribbaea). Since 2001, the mean
clionaid area, when pooled from all statiofhs=109) for all three speciebas ranged between
four and 8crfim? annually. Mean clionaid area was highest in 20DD41.9cn¥m?) and
reached its lowest point in 2003 (4.8+1.4%mf). After 2003, clionaid area steadily climbed
until 2006 and dipped slightly in 2007 to 5.4+1.5tmf before slightly increasing to 5.9+1.7
cmf/m? in 2008.

At the species level, when pooled for all statiis109), both mean area and abundancefor
delitrix was higher than those @. caribbaea and C. lampa. Cliona delitrix mean area has
fluctuated between 2-5&m? annually,C. caribbaea between 1-3cAtm?, andC. lampa from 0-
3cnf/m?. Cliona lampa has been the most variable of all species, ddog#s nearly zero in
2002 while increasing to >2&m? in 2006. Cliona lampa is only present at a few CREMP sites
in the Florida Keys, and is predominately founcbaé of the Lower Keys backcountry patch
reefs, Content Keys. In 2001, this site was diyeichpacted by the harmful algal bloom that
killed much of the benthic fauna at these sitesl Bn2002,C. lampa was not observed at
Content Keys. In generaC. delitrix area and abundance has been decreasing since 2001.
Although the area dof. caribbaea andC. lampa fluctuated from 2001 through 2008, the relative
abundance of the two species has remained sinkilgure 25). The decline in spatial cover of
C. délitrix is most likely concomitant with decreasing abun@and®etween 2001 and 2008,
Cliona delitrix abundance nearly dropped in half.
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Figure 25. Mean area f@liona delitrix, C. caribbaea andC. lampa for all CREMP stations surveyed in the Florida
Keys and Dry Tortugas from 2001 to 2008009 stations).
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Figure 26. Mean abundance foliona ddlitrix, C. caribbaea andC. lampa for all CREMP stations surveyed in the
Florida Keys and Dry Tortugas from 2001 to 2088109 stations).

To evaluate the long-term trends of clionaid cov@ipna delitrix was selected as a proxy
because it washe most widely distributed and spatially dominafibnaid species within

CREMP stations. When the data is pooled for alli@ts in the Florida Keys and Dry Tortugas
(N=109), there is an overall decreasing trend fro12@® 2008 (p<0.001). Three of the 12
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region*habitat groupings had a significant negatread in mearC. dditrix area between 2001
and 2008, Middle and Upper Keys offshore deep raats Lower Keys patch reefs (Table 8).
All other region*habitat groupings did not indicaerend, but the results for Lower Keys and
Dry Tortugas deep sites suggest tGatlelitrix cover is decreasing in these areas as well (Table
8). The highest cover &. delitrix was observed at the patch reefs in the Lower KEigire

27), while shallow forereef sites generally hadltwest mean area. By site, five of the 37 sites
showed a decrease @ delitrix cover: two Lower Keys sites, Cliff Green patchfraed Smith
Shoal backcountry patch reef, and three deep fefrsites, Bird Key Reef in the Dry Tortugas,
Sombrero Reef in the Middle Keys, and CarysfortfReehe Upper Keys (Table 9; Appendix
23). No change in mean area was detected at hlee 82 sites.

25

—=— LKBCP
& —y— DT OD
£ 5 v— LK OD
NE vV MKOD
o /\ —¥— UKOD
~ —9— LK OS
3 15 O~ MK OS
Z L &~ UK 0S
=< —e— DTP
= \ —@— LKP
% 10 - —@— MKP
3 —&— UKP
)
c
© 54
(]
=

v
ol =% § o9 5—$—§ |

2001 2002 2003 2004 2005 2006 2007 2008

Figure 27. MearCliona délitrix area (crffm?) for 12 region*habitat groupings in the Florida y§eand Dry
Tortugas from 2001 to 200N€109 stations). Trends i@. delitrix area were calculated from a mixed model
regression. Slope direction for each region*halgtauping is reported in Table 8.
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Table 8. Long-term trends of me@&fiona delitrix area (crifm?) from 2001-2008. Trends for 12 region*habitat
groupings in the Florida Keys and Dry Tortugas waetermined with a mixed model regression. Inegiion of
trends for each region*habitat grouping based omf@wooni corrected p values for repeated testimgjuéed
p<0.004).

Reg*Hab P-value Trend
LK BCP 0.013 no change
DT OD 0.008 no change
LK OD 0.006 no change
MK OD <0.001 Decreasing
UK OD <0.001 Decreasing
LK OS 0.338 no change
MK OS 0.591 no change
UK OS 0.144 no change
DT P 0.917 no change
LK P <0.001 Decreasing
MK P 0.422 no change
UK P 0.576 no Change

Table 9. Long-term trends of me&hiona dditrix area (crifm?) by site N=37) in the Florida Keys and Dry
Tortugas from 2001 to 2008. Trends for each séeevdetermined with a mixed model regression. rpngation of
trends for each site based on Bonferroni corregtealues for repeated testing (adjusted p<0.002).

Trend Number of Sites
Decreasing 5
No Change 32
Increasing 0

The trends for meagliona delitrix area mirror those for overall sponge cover in thaifa
Keys and Dry Tortugas. A majority of the regionbitat groupings show meat ddlitrix area
remaining similar while a few indicate a declinitngnd in cover. Previous reports in the
literature have suggested that clionaid cover wiaseasing in the Florida Keys due to nutrient
enrichment of the nearshore waters (Ward-Paigé 2085). While CREMP data confirms that
the greatest abundance and cover of clionaids existeefs in closest proximity to highly
urbanized cities like Key West (e.g. Lower Keyscpateefs), CREMP results do not support that
clionaid cover is increasing in the Florida Keyshe hypothesis that clionaid cover increases
with deteriorating water quality has been usedveleee because sponges are filter feeders and
can store excess nutrients in their tissues (WardePet al. 2005; Chaves-Fonnegra et al. 2007).
While it can only be speculated at this point, CRENdings, usingC. delitrix as a proxy, may
suggest the level of nutrients entering nearsh@iens has been reduced as a result of advanced
wastewater and sewage treatments facilities butlheé Florida Keys during the last two decades.
Alternatively, the decrease of clionaid cover ansdocations may be related to the decline of
massive star and boulder corals, suchMascavernosa and theM. annularis complex. The
region*habitat groupings that contain the high€stdelitrix area also possess many of the
highest coral cover values for these species (setinel coral species sectionMontastraea

spp are frequently targeted Y. delitrix, which slowly erodes their skeletons. It is prolyatd
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coincidence that sites that have experienced signif declines irC. delitrix area(e.g. Bird Key
Reef, Carysfort Deep, Cliff Green, Smith Shoal)déalso had dramatic reductiolls annularis
complex cover (see Appendices). Although it iidilt to identify specific drivers of the
observed trends iB. delitrix cover, it is most likely some combination of charggivater quality
and decreasing coral cover.

CONCLUSIONS

Throughout the Caribbean, coral reefs have beenstate of decline for the last 40 years with
reports of many reefs losing more than half of tte#ony coral cover (Gardner et al. 2003).
Starting in the late 1970s and continuing throdgh1980s, the loss of stony corals in the Florida
Keys was due in large part to major stressors asgchihe white band disease outbreak on
acroporid corals and periodic episodes of bleacli®gusey 2001; Precht and Miller 2006).
Since the project’s inception in 1996, CREMP hastiooed to document how these acute
events have been correlated with negative impadtatrida’s coral reefs. Without question, the
greatest regional declines observed by CREMP w&secaated with the 1997/1998 ENSO and
the 2005 Hurricane season. However, more local@ashts have contributed to reduced coral
cover at a much smaller spatial scale. For exanaptkatom bloom decimated stony coral cover
on backcountry patch reefs in 2001, and a coraladis outbreak between 2001 and 2003 at Bird
Key Reef in the Dry Tortugas resulted in substamtiartality to Montastraea annularis complex
and Colpophyllia natans at that site. Although some of these acute stresace naturally
occurring phenomena (e.g. hurricanes), the longptyisof anthropogenic activities in South
Florida has likely played a role in coral declineEven during periods that lack major
disturbances, coral cover has remained similaioaticued to decline with only a few examples
of recovery. Chronic stressors related to the ldgweent and extraction of South Florida’'s
natural resources (e.g. overfishing, sedimentatiutyient enrichment) may be preventing
widespread stony coral recovery and may contributbe ongoing decline in cover, yet at a less
pronounced rate when compared to that of majoreadisturbances.

This report summarizes how coral reef communitycitre has changed at CREMP sites over
the last 13 years. Assuming that current envirortateronditions surrounding the Florida Keys
remain similar and major periodic disturbances oo, the synthesis provided here provides
insight into how reefs in Florida Keys may be tfansied in the years ahead. In contrast to
many areas in the Caribbean, CREMP has not obsenstiift from stony coral to macroalgal
dominance (Hughes 1994; Rogers and Miller 2006lthodgh previous research has led to the
conclusion that coral reefs in the Florida Keysevendergoing a shift to macroalgal or sponge
dominated states (Ward-Paige et al. 2005; Maliaal.e2008), the results from 13 years of data
indicate that octocorals are becoming the most @dintaxa. This transition is most apparent at
shallow forereef habitats and succeeds the denifigeropora palmata. This trend has also
begun at sites where larddontastraea spp. corals have declined (e.g. patch reefs ang dee
forereefs) and suggests the transition may be wrdas. Identifying the reasons behind the
transition to octocorals and why they have recavéaster than other benthic fauna after major
disturbances is difficult to determine. Twice dyithe tenure of CREMP, octocoral cover has
declined and rebounded. Although there is litthoimation regarding the status and trends of
octocoral cover prior to the inception of CREMPtooorals were reported to exceed stony coral
species richness and colony density at some lm=alih the Florida Keys prior to 1996
(Wheaton and Jaap 1988; Chiappone and Sullivan)199¥% possible that the shift toward
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octocorals commenced many decades ago in the &ldfelys starting with the decline in
acroporid corals in the 1970’s and 1980’'s, and CREMsimply documenting the manifestation
of this gradually developing transition. It is@lgncertain what consequences this transition will
bring to Florida Keys coral reefs. Octocorals direct spatial competitors with stony corals and
may limit their recovery by reducing the settlemehtoral planulae (Maida et al. 1995; Maida
et al. 2001). Alternatively, it is feasible thattecoral dominated benthic habitats will continue
to support diverse and abundant fish and invertelassemblages, albeit unconventional, as they
provide critical habitat and serve as an importaatl source for a variety of predators (Wolff et
al. 1999; Gratwicke et al. 2006).

While the general consensus is that the futureocdlaeefs is one of doom and gloom there are
some reasons for optimism in the Florida Keys.s limportant to understand that changes in
stony coral communities take place over long tem@lpscales. The current state of reefs in the
Florida Keys is the culmination of at least 100rgeaf intense fishing pressure and 50 years of
physical changes to the coastal environment. Cseelger actions taken to remediate
environmental perturbations such as fishing reguiat (e.g. catch limits, closures, marine
reserves, etc.) and improving water quality (edyaaced wastewater treatment in the Florida
Keys and the restoration of the Florida Everglades)e been enacted only recently. Even
though global climate change continues to threateal reefs, the alleviation of local stressors
may temper impacts from severe acute stressors rfeags bleaching events) and aid in the
recovery following the disturbance. Since 199%\a sites have shown a positive trend in coral
cover (e.g. Jaap Reef and Molasses Shallow) indg#hat some recovery may be occurring at
isolated locations. Although the increases in stworgl cover at these sites are minor, corrective
actions to improve water quality and restore fisipydations may prove beneficial over longer
temporal scales. While results like these are @raging, continued monitoring by CREMP will
provide the necessary data to evaluate the effiohtlyese management actions and if they are
reversing the long history of decline of scleraetincorals in the Florida Keys.
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APPENDICES
Appendix 1. Percent cover values for major bentia categories for all years at all
region*habitat groupings.

Sample Stony

Region Habitat Year Macroalgae Corals Octocorals Sponges  Zoanthids
DT oD 1999 9.1 23.6 14.8 4.0 0.1
2000 12.6 22.1 13.0 14 0.0

2001 125 23.3 15.2 2.1 0.0

2002 12.7 18.3 14.1 2.2 0.0

2003 125 18.0 14.2 1.8 0.1

2004 9.2 16.6 12.2 1.6 0.0

2005 3.8 16.3 10.5 1.3 0.0

2006 9.6 12.6 9.0 11 0.0

2007 13.6 14.0 9.3 11 0.0

2008 12.0 14.5 8.6 1.7 0.0

DT P 1999 6.1 9.5 8.4 2.9 0.0
2000 8.9 8.0 7.6 4.0 0.0

2001 114 5.8 8.5 1.9 0.0

2002 10.3 5.6 6.9 1.7 0.0

2003 14.9 4.2 8.7 1.6 0.0

2004 6.7 1.9 4.1 0.4 0.0

2005 9.6 1.6 3.4 0.3 0.0

2006 14.8 11 5.1 0.6 0.0

2007 17.2 1.2 6.1 0.9 0.0

2008 13.6 1.8 8.8 0.8 0.0

LK BCP 1996 19.3 8.3 0.6 2.6 0.0
1997 24.2 7.8 0.4 3.7 0.0

1998 2.7 8.4 0.1 14 0.0

1999 1.0 9.4 0.2 2.3 0.1

2000 3.8 10.7 0.2 2.7 0.0

2001 11.6 10.0 0.0 3.3 0.0

2002 12.6 2.7 0.0 0.6 0.0

2003 13.2 2.3 0.0 11 0.0

2004 19.7 2.9 0.0 0.9 0.0

2005 28.3 3.9 0.0 15 0.0

2006 2.9 2.6 0.0 2.7 0.0

2007 27.2 2.2 0.1 0.8 0.0

2008 72.6 1.8 0.0 0.7 0.0

LK oD 1996 155 7.6 10.9 3.7 0.3
1997 19.8 7.9 9.7 3.4 0.3

1998 43.0 5.3 11.6 2.5 0.1

1999 15.6 4.2 8.5 1.8 0.2

2000 27.7 4.3 8.4 25 0.2

2001 23.8 4.4 7.5 25 0.1

2002 155 4.2 8.7 4.0 0.2

2003 11.0 3.9 9.6 2.3 0.1

2004 20.4 3.1 11.3 2.1 0.2

2005 4.5 3.2 10.6 25 0.2

2006 14.2 1.9 8.8 1.0 0.1
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2007 19.8 2.3 8.3 1.6 0.2
2008 12.2 2.4 9.9 3.1 0.2
LK oS 1996 4.6 16.9 3.7 0.9 4.5
1997 3.8 16.4 4.0 0.8 4.8
1998 7.6 13.2 3.9 0.3 4.5
1999 3.5 7.3 3.2 0.7 4.2
2000 4.3 7.4 2.8 0.7 4.4
2001 4.1 6.9 3.4 0.4 4.5
2002 7.2 7.4 3.8 0.4 5.3
2003 7.1 7.3 5.0 0.3 5.1
2004 8.9 7.0 6.7 0.5 4.4
2005 2.2 5.5 5.1 0.3 3.7
2006 11.9 4.9 4.9 0.2 3.8
2007 7.3 4.9 5.4 0.2 4.0
2008 29 4.7 7.1 0.2 3.9
LK P 1996 6.2 27.6 8.4 4.0 0.0
1997 5.0 25.4 9.8 2.9 0.0
1998 8.2 24.5 8.7 3.8 0.1
1999 6.5 19.7 7.8 3.5 0.0
2000 3.9 20.1 7.7 5.0 0.1
2001 111 19.4 9.6 4.4 0.0
2002 8.1 21.4 10.3 4.6 0.0
2003 8.6 215 11.9 4.8 0.0
2004 10.5 19.2 8.6 4.8 0.0
2005 4.3 211 11.3 2.8 0.0
2006 8.7 20.9 8.2 2.1 0.1
2007 10.2 20.0 9.6 4.6 0.1
2008 10.8 19.3 11.2 4.8 0.0
MK oD 1996 4.0 4.1 125 4.9 0.5
1997 6.2 4.8 10.7 4.9 0.1
1998 41.7 3.4 10.3 3.2 0.0
1999 15.3 3.0 5.3 2.2 0.0
2000 20.3 2.8 4.9 3.4 0.0
2001 16.6 3.0 6.1 4.6 0.0
2002 4.1 2.7 6.4 4.0 0.0
2003 5.9 2.9 6.7 4.5 0.0
2004 135 2.5 10.4 4.4 0.0
2005 8.1 2.7 10.4 3.8 0.0
2006 22.7 2.3 7.7 2.3 0.0
2007 13.3 2.0 8.4 2.7 0.0
2008 16.2 2.2 8.7 3.6 0.0
MK oS 1996 115 4.6 16.0 3.7 6.9
1997 6.5 4.2 14.8 2.1 7.5
1998 20.7 3.7 13.8 1.6 6.4
1999 11.4 2.0 8.5 2.2 6.6
2000 111 2.0 8.3 2.5 7.3
2001 12.4 1.9 8.4 1.7 7.0
2002 5.5 2.1 12.2 1.7 8.2
2003 18.2 1.8 14.7 1.7 6.5
2004 12.0 1.7 15.9 14 6.7
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2005 10.6 1.8 16.3 1.6 6.0
2006 11.9 1.4 13.7 0.8 5.5
2007 9.6 1.2 13.8 1.2 5.2
2008 8.2 1.7 18.1 1.3 4.9
MK P 1996 4.6 15.8 32.5 55 2.0
1997 4.6 15.6 31.2 54 2.3
1998 11.4 14.4 27.0 5.5 1.8
1999 5.9 13.2 26.2 55 2.2
2000 53 14.2 24.4 6.3 2.3
2001 6.4 14.1 32.4 6.2 1.8
2002 3.8 16.3 33.1 7.1 2.2
2003 3.3 14.7 34.4 5.2 2.2
2004 6.2 13.6 36.1 3.8 1.6
2005 4.2 15.1 34.0 3.9 1.8
2006 3.1 14.2 28.7 3.3 2.0
2007 5.9 15.3 29.5 5.2 2.4
2008 4.4 14.3 32.5 4.9 1.7
UK oD 1996 13.9 7.4 12.6 6.2 0.0
1997 16.6 6.1 11.2 54 0.2
1998 26.4 3.5 10.4 4.2 0.0
1999 7.9 3.4 8.3 4.2 0.2
2000 20.4 3.6 9.5 4.4 0.0
2001 15.0 2.9 9.7 3.9 0.0
2002 11.7 3.0 12.3 5.1 0.1
2003 15.5 3.1 121 4.5 0.0
2004 19.9 2.7 14.4 4.2 0.1
2005 8.2 2.7 141 4.1 0.1
2006 111 2.3 14.4 3.2 0.0
2007 10.2 3.2 13.3 4.2 0.1
2008 12.7 3.0 11.8 4.7 0.0
UK oS 1996 8.8 12.1 9.5 1.7 2.3
1997 5.6 11.2 7.8 1.2 3.2
1998 11.9 8.3 8.7 0.8 2.7
1999 4.8 5.9 7.3 0.5 2.6
2000 6.3 5.9 7.4 1.0 2.9
2001 7.2 5.6 9.1 0.8 2.5
2002 7.9 5.6 9.9 0.6 3.2
2003 12.6 5.2 131 0.7 3.1
2004 11.0 4.9 14.0 0.4 2.6
2005 8.3 4.8 15.9 0.7 2.7
2006 3.1 4.1 15.6 0.4 2.7
2007 5.7 4.5 15.8 0.5 2.8
2008 7.9 4.8 16.1 0.5 3.4
UK P 1996 7.4 16.3 24.0 3.9 0.3
1997 5.6 15.2 23.4 1.7 0.4
1998 17.9 14.0 22.8 14 0.3
1999 8.1 11.9 22.2 14 0.4
2000 7.5 11.3 20.8 1.8 0.4
2001 5.7 12.2 23.9 1.9 0.4
2002 12.2 12.2 24.4 1.9 0.4
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2003 8.6 12.6 25.6 1.7 0.3
2004 7.9 12.5 26.1 14 0.3
2005 7.5 11.8 26.9 15 0.4
2006 6.2 11.0 22.1 14 0.3
2007 9.7 13.2 22.2 1.2 0.3
2008 8.8 12.7 23.7 11 0.3
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Appendix 2. Percent cover values for major bentdma categories for all years at all CREMP
sites.

Site Name and Sample Stony
L ocation Y ear M acr oalgae Corals Octocorals  Sponges Zoanthids
Admiral 1996 3.4 30.0 25.7 0.2 0.1
25.0447 °N 1997 3.7 27.6 23.0 0.4 0.1
80.3948 °W 1998 7.4 26.6 26.8 0.3 0.1
1999 5.0 225 23.8 0.4 0.1
2000 7.2 20.0 23.3 0.9 0.1
2001 2.7 21.2 25.0 0.4 0.1
2002 6.6 21.6 24.4 0.4 0.2
2003 6.6 23.1 28.0 0.6 0.2
2004 35 23.1 27.7 0.5 0.1
2005 6.1 21.7 30.3 0.5 0.1
2006 2.7 19.9 23.7 0.6 0.1
2007 8.9 24.6 23.0 0.5 0.1
2008 5.6 23.3 26.9 0.3 0.1
Alligator Deep 1996 0.9 1.9 16.4 2.9 0.0
248452 °N 1997 11.3 2.3 14.6 3.3 0.1
80.6209 °W 1998 25.3 1.2 155 2.9 0.0
1999 11 1.3 9.5 2.8 0.0
2000 12.4 11 7.0 3.2 0.0
2001 2.6 1.3 7.5 3.9 0.0
2002 7.4 1.3 9.2 2.9 0.0
2003 3.4 1.1 9.7 4.3 0.0
2004 1.8 0.9 14.9 4.5 0.1
2005 3.6 1.1 14.8 3.3 0.0
2006 8.0 0.8 104 2.0 0.0
2007 25 1.0 13.2 1.6 0.0
2008 15 1.3 13.0 2.5 0.0
Alligator Shallow 1996 26.2 2.0 15.2 7.7 1.3
248461 °N 1997 14.4 2.1 14.0 0.9 0.6
80.6236 "W 1998 25.0 1.4 15.3 0.8 0.4
1999 28.4 0.9 8.2 1.9 0.9
2000 19.7 1.0 6.2 1.2 0.7
2001 38.1 0.6 6.4 0.4 0.6
2002 13.9 0.5 10.5 0.7 0.9
2003 37.6 0.3 11.2 0.4 0.7
2004 22.3 0.6 14.0 0.4 0.6
2005 15.8 0.9 17.8 0.7 0.7
2006 10.1 0.4 15.9 0.7 1.4
2007 14.3 0.3 17.0 0.5 1.3
2008 8.0 0.5 20.1 0.6 1.2
Bird Key Reef 1999 11.0 20.6 19.6 2.0 0.0
24,6117 °N 2000 14.0 21.5 17.1 0.7 0.0
82.8702 °W 2001 10.6 22.3 17.5 0.5 0.0
2002 21.0 15.0 18.8 1.0 0.0
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2003 1.8 15.0 17.4 0.6 0.0

2004 0.6 12.6 14.3 0.5 0.0

2005 6.5 10.8 13.1 0.4 0.0

2006 2.6 9.5 12.3 0.5 0.0

2007 17.0 10.6 12.2 0.6 0.0

2008 22.8 10.6 9.7 0.7 0.0

Black Coral Rock 1999 7.1 26.5 10.0 6.0 0.2
24.6993 °N 2000 11.3 22.6 9.0 2.1 0.0
83.0022 °w 2001 14.4 24.3 13.0 3.8 0.0
2002 4.5 21.6 9.4 3.3 0.0

2003 23.3 21.1 11.1 3.0 0.1

2004 17.7 20.6 10.0 2.8 0.1

2005 1.2 21.8 7.9 2.3 0.0

2006 16.7 15.8 5.7 1.7 0.0

2007 10.2 17.5 6.4 1.6 0.0

2008 1.2 18.5 7.4 2.7 0.0

Carysfort Deep 1996 24.7 14.3 8.4 4.0 0.0
25.2208 °N 1997 31.0 11.0 10.2 2.1 0.3
80.2099 °w 1998 20.1 5.4 9.2 0.6 0.0
1999 12.8 5.2 6.6 0.8 0.6

2000 27.3 6.4 9.3 0.8 0.0

2001 17.7 4.8 9.8 0.9 0.0

2002 9.2 5.0 14.4 2.2 0.0

2003 31.1 5.0 10.1 0.6 0.0

2004 445 3.6 10.6 1.2 0.0

2005 6.6 3.7 10.6 1.0 0.0

2006 9.3 3.6 9.5 0.8 0.0

2007 9.3 4.9 12.1 1.6 0.0

2008 10.0 4.1 10.4 1.3 0.0

Carysfort Shallow 1996 6.0 10.9 8.3 0.4 2.7
252210 °N 1997 3.3 10.9 7.5 0.2 4.6
80.2103 ‘W 1998 4.5 7.5 8.0 0.2 4.0
1999 1.1 3.6 6.0 0.0 2.9

2000 2.9 35 6.7 0.2 3.1

2001 2.8 3.7 9.0 0.1 3.2

2002 2.4 4.1 8.9 0.1 4.9

2003 1.3 3.3 11.3 0.0 5.3

2004 1.1 3.1 10.1 0.0 4.1

2005 0.7 35 9.4 0.1 4.2

2006 0.9 2.5 9.5 0.1 4.1

2007 1.1 25 9.1 0.1 3.2

2008 3.1 2.9 9.7 0.1 5.2

Cliff Green 1996 0.7 19.6 22.4 7.8 0.0
245036 °N 1997 1.7 16.3 21.8 4.9 0.0
81.7677 °W 1998 1.7 15.6 25.1 4.1 0.1
1999 0.4 16.4 22.3 5.9 0.0

2000 1.0 14.9 26.1 4.7 0.0
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2001 1.0 14.8 25.8 6.0 0.1

2002 0.1 16.8 33.6 5.9 0.1

2003 2.3 15.0 34.2 5.0 0.1

2004 2.8 11.3 24.6 5.0 0.1

2005 0.2 13.7 29.7 2.8 0.0

2006 0.7 12.4 22.0 2.9 0.3

2007 1.2 13.3 23.3 7.4 0.3

2008 0.8 12.3 30.8 6.8 0.0

Conch Deep 1996 6.4 5.0 9.4 5.8 0.0
249519 °N 1997 13.2 35 8.6 4.3 0.0
80.4513 ‘W 1998 33.3 3.2 8.3 6.4 0.0
1999 10.0 2.6 7.8 34 0.0

2000 30.0 1.7 6.2 3.4 0.0

2001 22.1 2.4 6.9 4.2 0.0

2002 19.7 2.4 9.9 5.0 0.0

2003 13.5 2.1 9.8 5.2 0.0

2004 10.9 2.7 13.4 5.3 0.0

2005 15.0 2.6 10.8 4.6 0.0

2006 8.9 1.8 13.8 3.0 0.0

2007 11.2 2.9 13.2 4.9 0.0

2008 16.2 3.3 11.6 5.6 0.0

Conch Shallow 1996 18.8 5.9 8.6 3.2 0.9
24.9559 °N 1997 8.3 5.9 5.7 2.9 1.2
80.4574 °W 1998 24.1 4.1 6.4 0.6 1.5
1999 10.9 3.0 4.2 0.5 1.1

2000 8.3 35 3.0 1.3 1.3

2001 11.7 3.3 3.4 1.0 0.9

2002 13.0 2.4 6.1 0.3 1.3

2003 32.9 2.2 7.8 0.5 1.0

2004 17.4 1.6 10.2 0.3 1.1

2005 25.0 1.1 15.8 0.6 1.2

2006 4.5 1.1 13.9 0.4 0.8

2007 9.2 1.4 14.2 0.3 1.0

2008 14.1 1.6 14.6 0.3 1.2

Content Keys 1996 31.3 1.2 0.0 1.9 0.0
24.8221 °N 1997 334 1.1 0.1 5.7 0.0
81.4889 °wW 1998 0.8 1.4 0.0 1.7 0.0
1999 1.1 1.4 0.0 2.6 0.0

2000 7.3 1.2 0.0 25 0.0

2001 20.7 2.3 0.0 35 0.0

2002 0.3 0.5 0.0 0.2 0.0

2003 2.6 0.6 0.0 0.6 0.0

2004 31.3 0.4 0.0 0.5 0.0

2005 55.6 0.6 0.0 0.8 0.0

2006 5.1 0.3 0.0 3.3 0.0

2007 35.2 0.4 0.2 0.4 0.0

2008 84.6 0.2 0.0 1.0 0.0
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Dustan Rocks 1996 8.3 17.0 34.8 3.9 1.2
24.6895 °N 1997 4.3 16.5 37.9 3.1 0.9
81.0302 °w 1998 22.3 15.5 26.0 1.9 0.7

1999 9.3 14.8 28.1 2.9 0.8

2000 9.6 16.2 27.4 3.0 0.8

2001 11.9 14.6 38.7 3.3 0.7

2002 7.6 17.1 40.7 3.2 0.7

2003 7.0 16.1 36.7 2.3 0.7

2004 12.6 15.2 37.7 15 0.8

2005 7.0 16.1 37.4 1.8 0.9

2006 4.0 16.9 28.2 1.3 0.7

2007 7.1 18.0 32.0 2.5 0.7

2008 9.4 17.2 34.8 2.5 0.6

Eastern Sambo Deep 1996 6.0 8.5 9.0 6.0 0.1
24.4884 °N 1997 115 8.0 9.7 4.4 0.1
81.6659 ‘W 1998 49.1 6.2 9.5 2.7 0.0
1999 7.8 5.9 9.3 2.1 0.1

2000 17.5 6.4 8.0 2.6 0.0

2001 17.6 5.9 8.4 3.0 0.0

2002 15.1 5.9 10.1 6.1 0.0

2003 13.6 5.2 7.9 1.7 0.0

2004 26.6 4.3 10.0 1.7 0.0

2005 10.9 4.6 11.2 2.9 0.0

2006 5.6 2.9 11.3 1.2 0.0

2007 11.1 3.1 7.0 2.2 0.0

2008 8.4 2.9 9.4 6.2 0.0

Eastern Sambo 1996 8.9 18.5 1.1 1.0 10.0
Shallow 1997 7.4 16.2 0.8 1.6 9.8
24.4917 °N 1998 4.1 12.1 0.9 0.9 8.6
81.6636 ‘W 1999 1.4 6.0 0.5 0.4 9.0
2000 1.9 5.8 0.5 1.2 9.0

2001 3.3 5.2 0.9 0.3 11.0

2002 5.3 5.7 1.6 0.5 11.9

2003 9.6 5.2 2.1 0.5 10.4

2004 15.3 45 2.3 0.7 8.9

2005 2.4 3.8 1.8 0.2 7.1

2006 3.3 3.4 2.6 0.4 8.6

2007 9.5 3.2 3.6 0.2 8.9

2008 6.8 3.4 5.1 0.2 9.0

Grecian Rocks 1996 4.0 17.8 11.2 1.8 2.3
25.1075 °N 1997 7.4 16.3 9.7 1.0 2.7
80.3069 ‘W 1998 13.7 13.6 10.6 1.3 2.4

1999 6.0 11.2 11.0 1.0 2.9
2000 11.2 11.2 10.7 1.3 3.0
2001 11.7 10.3 12.4 0.8 2.8
2002 12.8 10.2 13.3 1.1 2.7
2003 11.1 9.9 15.9 1.4 2.6
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2004 15.1 8.9 17.5 0.9 1.9

2005 5.2 8.6 16.8 11 2.0

2006 3.4 7.8 18.3 0.6 1.9

2007 5.6 8.0 18.6 0.9 25

2008 7.0 8.3 20.7 0.9 2.5

Jaap Reef 1996 16.0 30.7 1.3 0.5 0.1
24,5857 °N 1997 9.8 335 1.9 1.7 0.0
815826 °W 1998 18.1 27.3 1.2 3.5 0.0
1999 15.9 18.1 0.7 2.7 0.0

2000 12.1 15.9 0.4 4.1 0.2

2001 26.1 16.0 1.1 14 0.0

2002 25.9 17.3 0.7 1.7 0.0

2003 26.3 21.4 11 14 0.0

2004 31.4 18.6 0.9 15 0.0

2005 13.7 20.4 2.0 14 0.1

2006 23.8 21.2 0.9 0.9 0.0

2007 27.3 18.9 1.0 1.2 0.0

2008 33.1 20.8 1.2 1.0 0.0

Looe Key Deep 1996 17.3 8.9 15.3 4.8 0.3
245423 °N 1997 8.0 8.5 12.5 5.7 0.4
814145 °wW 1998 46.3 5.7 15.8 3.1 0.1
1999 13.3 5.5 104 2.0 0.3

2000 33.8 55 9.6 4.2 0.2

2001 23.7 6.6 104 3.3 0.2

2002 6.3 5.3 9.5 6.6 0.2

2003 7.7 4.8 12.9 4.2 0.0

2004 18.0 3.9 14.1 4.1 0.2

2005 4.8 4.5 14.6 3.9 0.2

2006 36.5 2.9 7.5 1.4 0.2

2007 24.0 2.9 9.7 2.2 0.1

2008 34.4 2.6 10.9 3.5 0.2

LooeKey Shallow 1996 7.1 22.1 9.1 1.6 4.2
245453 °N 1997 0.2 21.6 9.5 0.8 4.7
814066 °W 1998 10.8 22.0 8.0 0.4 4.8
1999 4.1 16.6 8.8 0.9 4.3

2000 9.3 16.9 6.7 0.6 5.4

2001 4.4 17.6 7.0 0.7 4.2

2002 104 171 8.3 0.8 5.3

2003 13.8 17.2 10.7 0.3 55

2004 7.8 16.3 14.2 0.5 4.5

2005 6.4 14.3 12.5 0.7 4.2

2006 3.0 14.6 9.8 0.2 4.7

2007 8.6 14.5 9.2 0.4 3.9

2008 2.9 12.6 14.4 0.4 4.3

M olasses Deep 1996 10.7 3.0 20.0 8.6 0.1
25.0072 °N 1997 5.6 3.7 14.8 9.7 0.4
80.3756 "W 1998 25.7 2.0 13.6 55 0.1
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1999 0.8 2.3 10.5 8.3 0.2

2000 3.8 2.6 13.0 9.0 0.0

2001 5.3 1.4 12.3 6.5 0.1

2002 6.1 1.7 12.7 8.3 0.2

2003 1.9 2.3 16.5 7.8 0.1

2004 4.4 2.0 19.2 6.2 0.2

2005 3.1 1.9 20.9 6.7 0.3

2006 15.3 1.6 19.9 5.7 0.1

2007 10.2 1.8 14.6 6.3 0.3

2008 11.8 1.6 13.3 7.1 0.1

M ol asses Shallow 1996 8.0 11.7 9.2 1.2 3.3
25.0089 °N 1997 2.8 10.1 7.7 0.6 45
80.3753 ‘W 1998 4.9 6.3 9.0 0.7 3.0
1999 0.8 3.9 6.9 0.5 3.3

2000 1.3 3.5 8.0 1.2 4.1

2001 1.3 3.6 10.6 1.3 2.8

2002 1.8 4.4 10.2 0.7 4.1

2003 5.8 3.9 16.5 0.5 3.8

2004 9.1 4.9 17.1 0.3 3.6

2005 3.3 4.6 21.1 0.9 3.7

2006 3.4 3.8 19.6 0.4 4.2

2007 6.9 4.9 20.2 0.5 45

2008 7.9 5.1 17.9 0.6 4.8

Porter Patch 1996 9.0 3.4 14.3 10.6 0.4

25.1032 °N 1997 9.3 3.3 14.2 3.3 0.7
80.3243 W 1998 32.6 3.1 13.9 2.4 0.4
1999 13.1 2.7 14.6 2.7 0.5

2000 6.2 3.6 12.4 3.0 0.4

2001 12.4 3.9 17.5 3.7 0.6

2002 15.9 3.3 17.3 3.7 0.6

2003 14.7 3.1 14.5 2.9 0.2

2004 16.4 2.5 18.4 2.5 0.3

2005 10.6 2.7 15.2 2.7 0.4

2006 12.1 2.4 11.6 2.2 0.3

2007 9.2 3.3 12.2 2.3 0.2

2008 16.8 2.9 12.8 2.0 0.3

Rock Key Deep 1996 1.2 4.8 13.7 4.4 0.5

24.4532 °N 1997 15.9 8.0 10.2 3.4 0.4
81.8568 ‘W 1998 30.7 4.4 12.9 2.9 0.4
1999 9.6 3.9 10.0 2.4 0.3

2000 14.8 3.1 9.3 2.4 0.3

2001 21.8 3.2 6.6 3.3 0.3

2002 3.8 4.3 7.8 3.0 0.4

2003 5.5 3.3 13.6 2.7 0.3

2004 7.1 2.7 13.4 2.0 0.2

2005 1.6 2.7 12.3 2.6 0.2

2006 5.5 1.7 7.9 0.8 0.3
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2007 11.6 2.6 9.6 15 0.3

2008 12.8 2.5 8.3 2.4 0.3

Rock Key Shallow 1996 1.7 115 3.1 0.9 4.3
244546 °N 1997 25 10.5 4.4 0.6 4.8
81.8584 °W 1998 9.1 7.4 5.1 0.2 4.6
1999 5.2 3.3 3.1 0.4 4.2

2000 4.0 3.0 3.8 0.5 4.2

2001 5.7 2.8 4.2 0.2 4.7

2002 10.5 4.0 3.7 0.2 5.0

2003 25 4.0 5.5 0.3 5.3

2004 3.9 3.7 6.6 0.3 5.1

2005 0.5 2.3 4.4 0.2 4.4

2006 15.4 1.7 4.2 0.1 3.9

2007 6.6 1.7 4.9 0.2 4.4

2008 1.8 1.8 5.3 0.1 4.0

Sand Key Deep 1996 2.1 4.5 11.6 1.9 0.9
244517 °N 1997 34.7 5.8 11.0 1.8 0.4
81.8798 W 1998 32.3 4.8 14.9 3.1 0.3
1999 12.7 2.5 11.2 2.4 0.2

2000 29.5 2.8 13.3 2.7 0.3

2001 26.6 2.6 9.7 2.3 0.2

2002 7.4 25 11.6 2.7 0.5

2003 11.5 2.7 10.3 2.2 0.4

2004 7.1 2.3 12.4 1.8 0.5

2005 2.3 1.9 10.7 2.3 0.5

2006 17.6 1.0 12.9 1.1 0.3

2007 19.9 1.6 11.4 1.6 0.6

2008 2.6 2.2 12.9 2.6 0.6

Sand Key Shallow 1996 11 12.9 2.8 0.6 0.7
244520 °N 1997 4.4 13.2 3.3 0.4 1.2
818775 W 1998 25 10.1 2.4 0.1 11
1999 0.4 5.7 2.1 11 11

2000 14 6.1 15 0.4 11

2001 3.2 4.9 2.4 0.1 0.9

2002 1.8 5.6 2.1 0.4 1.6

2003 0.8 4.7 2.4 0.3 1.9

2004 1.7 5.1 4.5 0.5 1.3

2005 0.2 4.2 3.3 0.0 0.9

2006 27.7 3.2 4.3 0.2 0.9

2007 5.2 3.4 3.8 0.1 14

2008 0.2 4.3 5.4 0.1 1.0

Smith Shoal 1996 7.2 154 1.2 3.4 0.0
24,7197 °N 1997 14.9 14.6 0.7 1.7 0.1
819195 °W 1998 4.6 154 0.2 1.2 0.0
1999 1.0 17.4 0.3 2.0 0.2

2000 0.3 20.2 0.4 2.9 0.0

2001 25 17.7 0.0 3.0 0.0
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2002 24.9 4.8 0.1 1.0 0.0
2003 23.8 4.0 0.1 1.5 0.0
2004 8.0 5.3 0.0 1.3 0.0
2005 1.0 7.2 0.0 2.2 0.0
2006 0.8 4.9 0.0 2.1 0.0
2007 19.3 4.1 0.0 1.2 0.0
2008 60.6 3.4 0.0 0.5 0.0
Sombrero Deep 1996 7.6 3.7 10.8 3.9 1.3
24.6231 °N 1997 4.0 4.6 7.1 3.3 0.1
81.1105 °w 1998 54.0 3.8 6.7 2.2 0.0
1999 25.2 2.8 2.1 1.7 0.0
2000 31.2 2.0 2.0 3.1 0.0
2001 25.7 3.2 4.2 4.9 0.0
2002 1.9 2.2 2.7 2.4 0.0
2003 11.1 3.0 3.3 3.0 0.0
2004 10.2 3.0 6.4 2.0 0.0
2005 9.6 25 5.5 3.1 0.0
2006 40.6 1.6 3.9 1.4 0.0
2007 23.9 1.3 3.3 1.5 0.0
2008 29.3 15 3.6 2.6 0.0
Sombrero Shallow 1996 5.0 7.1 10.1 1.3 15.6
24.6259 °N 1997 4.7 6.2 10.6 2.9 17.5
81.1101 °w 1998 20.8 5.5 9.5 1.7 15.1
1999 4.8 3.1 7.1 2.3 15.0
2000 9.0 2.6 8.6 2.7 17.0
2001 2.1 2.7 8.2 1.7 15.9
2002 2.8 3.2 12.6 1.5 18.6
2003 12.9 2.8 15.6 1.1 15.3
2004 10.6 2.5 15.2 1.3 15.5
2005 5.6 2.3 13.6 1.7 13.5
2006 14.4 2.1 10.8 0.9 11.7
2007 6.5 2.0 11.6 1.2 11.0
2008 8.0 25 16.2 1.4 10.3
Tennessee Deep 1996 3.6 6.6 10.3 7.9 0.3
247527 °N 1997 3.5 7.5 10.4 8.1 0.0
80.7578 ‘W 1998 45.6 5.1 8.6 4.6 0.0
1999 19.6 4.7 4.2 2.2 0.0
2000 17.2 5.2 5.8 3.9 0.1
2001 21.4 4.4 6.7 5.1 0.0
2002 2.8 4.5 7.4 6.7 0.0
2003 3.2 4.7 7.3 6.1 0.0
2004 28.4 35 10.0 6.7 0.0
2005 11.1 4.6 10.7 4.8 0.0
2006 19.6 4.7 8.7 3.6 0.0
2007 13.3 3.6 8.6 51 0.0
2008 17.8 3.7 9.5 5.8 0.0
Tennessee Shallow 1996 5.6 3.8 24.7 2.9 0.9
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247450 °N 1997 1.1 3.8 21.1 2.1 1.0
80.7812 °wW 1998 16.4 3.5 18.1 2.5 0.9
1999 3.0 1.8 10.8 2.2 1.0

2000 5.3 2.3 10.1 3.5 1.1

2001 0.5 2.3 10.7 3.0 1.5

2002 0.8 2.2 13.3 3.0 1.6

2003 5.7 1.9 17.1 3.7 0.7

2004 3.7 1.8 18.8 2.4 1.1

2005 12.1 2.1 18.5 2.5 1.3

2006 10.5 1.4 15.5 0.9 1.2

2007 8.9 1.1 13.6 1.9 1.4

2008 8.7 1.9 18.5 2.0 1.3

Turtle 1996 12.8 8.3 35.0 1.2 0.7
25.2947 °N 1997 3.7 8.3 38.2 2.0 0.5
80.2191 °w 1998 17.1 5.4 28.1 2.2 0.7
1999 6.8 4.4 30.1 1.4 0.8

2000 10.0 5.5 28.3 1.9 0.9

2001 1.6 6.6 31.4 2.1 0.7

2002 17.9 6.4 35.3 2.2 0.7

2003 3.3 5.9 37.3 2.2 0.8

2004 3.9 6.1 34.6 1.3 0.7

2005 5.7 5.5 37.6 1.6 0.9

2006 4.1 6.1 34.8 1.8 0.8

2007 12.1 5.5 35.6 1.0 0.7

2008 3.3 6.3 33.7 1.3 0.9

West Turtle Shoal 1996 1.8 14.9 30.7 6.6 2.7
24.6993 °N 1997 4.8 14.9 26.2 7.1 3.4
80.9669 ‘W 1998 3.3 135 27.7 8.1 2.6
1999 3.4 12.0 24.8 7.4 3.3

2000 2.0 12.7 22.2 8.8 3.4

2001 2.3 13.7 27.6 8.4 2.6

2002 0.9 15.7 27.4 10.0 3.4

2003 0.5 13.8 32.7 7.4 3.2

2004 1.4 12.4 35.0 5.6 2.3

2005 2.1 14.4 31.5 5.5 25

2006 2.4 12.2 29.0 4.8 2.9

2007 4.9 13.4 27.7 7.3 3.6

2008 0.7 12.1 30.8 6.7 2.5

West Washer

Women 1996 3.1 31.9 175 2.2 0.0
245475 °N 1997 1.9 25.2 24.2 1.0 0.0
81.5866 ‘W 1998 8.3 27.0 16.2 2.8 0.0
1999 4.9 23.6 15.4 1.3 0.0

2000 0.4 25.4 11.8 3.2 0.0

2001 2.5 23.4 19.2 3.1 0.0

2002 0.8 29.1 16.3 2.8 0.0

2003 0.6 23.9 21.3 2.2 0.1

2004 1.5 24.6 16.5 2.8 0.1
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2005 05 25.3 21.3 2.7 0.0

2006 2.7 26.8 17.4 2.0 0.1

2007 5.8 25.7 18.9 3.0 0.0

2008 16 21.3 21.9 3.0 0.0

Western Head 1996 2.2 26.9 0.2 6.0 0.0
244977 °N 1997 4.4 23.5 0.1 4.0 0.0
81.8056 °W 1998 2.7 26.0 0.4 4.7 0.4
1999 2.3 21.1 0.1 4.1 0.0

2000 0.1 24.3 0.0 7.1 0.0

2001 8.5 23.3 0.8 7.3 0.0

2002 0.3 23.5 0.4 7.9 0.1

2003 0.4 24.4 16 9.7 0.0

2004 0.6 21.3 0.3 9.4 0.0

2005 0.2 24.0 1.6 4.2 0.0

2006 2.8 22.3 0.3 2.7 0.0

2007 2.0 21.7 2.8 7.3 0.0

2008 13 21.4 1.1 8.4 0.0

Western Sambo Deep 1996 45.9 10.2 5.9 15 0.0
244785 °N 1997 27.4 9.4 5.2 2.0 0.0
81.7161 °W 1998 52.3 5.2 5.3 0.7 0.0
1999 32.5 3.3 2.3 0.3 0.0

2000 38.7 3.1 2.2 0.8 0.0

2001 28.7 3.3 2.3 0.9 0.0

2002 41.3 3.2 4.0 11 0.0

2003 14.8 3.4 45 0.7 0.0

2004 39.0 2.3 75 0.8 0.0

2005 1.8 2.3 4.6 0.9 0.0

2006 3.0 1.0 4.2 05 0.0

2007 29.8 1.2 4.3 0.6 0.0

2008 2.9 1.7 7.6 0.8 0.0

Western Sambo 1996 5.0 21.1 2.7 0.6 35
Shallow 1997 5.0 22.4 2.0 0.7 3.7
244797 °N 1998 11.0 16.5 2.6 0.1 3.4
81.7170 °W 1999 5.8 6.2 16 0.8 2.3
2000 4.9 6.5 1.4 0.7 2.4

2001 3.4 5.3 2.0 0.9 1.7

2002 6.8 5.7 3.3 0.3 25

2003 10.1 6.2 4.2 0.2 2.2

2004 17.6 6.6 5.8 0.4 2.0

2005 1.9 3.8 3.9 0.3 1.7

2006 9.0 2.9 3.8 0.4 1.2

2007 6.9 2.7 5.6 0.1 1.1

2008 3.0 2.6 5.9 0.2 1.0

White Shoal 1999 6.1 95 8.4 2.9 0.0
24.6416 °N 2000 8.9 8.0 7.6 4.0 0.0
82.8964 °W 2001 11.4 5.8 8.5 1.9 0.0
2002 10.3 5.6 6.9 1.7 0.0
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2003 14.9 4.2 8.7 1.6 0.0
2004 6.7 1.9 4.1 0.4 0.0
2005 9.6 1.6 3.4 0.3 0.0
2006 14.8 11 5.1 0.6 0.0
2007 17.2 1.2 6.1 0.9 0.0
2008 13.6 1.8 8.8 0.8 0.0
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Appendix 3. Percent cover values for five sentowehl species for all years at all region*habitat
groupings.

Sample Montastraea Montastraea Colpophyllia Siderastrea Porites

Region Habitat  Year annularis cavernosa natans Siderea astreoides
DT oD 1999 111 5.2 2.6 11 0.8
2000 11.3 4.3 25 1.0 0.7

2001 12.0 4.7 2.7 11 0.8

2002 8.5 4.6 2.0 0.9 0.9

2003 8.2 4.1 15 1.0 0.9

2004 7.9 3.7 1.4 1.3 0.7

2005 7.9 3.7 15 1.2 0.5

2006 5.8 3.3 1.3 1.0 0.3

2007 7.2 2.9 1.4 1.0 0.5

2008 7.2 2.9 15 1.4 0.4

DT P 1999 0.2 0.1 0.3 0.4 0.1
2000 0.3 0.1 0.2 0.3 0.2

2001 0.4 0.1 0.5 0.4 0.0

2002 0.3 0.1 0.3 0.1 0.0

2003 0.4 0.1 0.2 0.2 0.1

2004 0.2 0.1 0.2 0.3 0.0

2005 0.3 0.1 0.1 0.2 0.1

2006 0.2 0.0 0.1 0.2 0.0

2007 0.1 0.1 0.1 0.2 0.1

2008 0.2 0.0 0.3 0.2 0.1

LK BCP 1996 4.1 0.7 0.0 0.1 1.3
1997 4.7 0.5 0.0 0.1 14

1998 3.8 0.8 0.0 0.1 2.0

1999 6.1 0.6 0.0 0.2 0.9

2000 5.0 0.7 0.0 0.3 2.4

2001 4.2 0.8 0.0 0.3 2.2

2002 0.0 0.6 0.0 0.3 0.3

2003 0.0 0.5 0.0 0.2 0.4

2004 0.0 0.6 0.0 0.3 0.3

2005 0.0 0.6 0.0 0.2 0.6

2006 0.0 0.7 0.0 0.2 0.4

2007 0.0 0.6 0.0 0.2 0.2

2008 0.0 0.8 0.0 0.0 0.2

LK oD 1996 2.2 0.9 0.3 0.8 0.2
1997 2.4 0.6 0.4 1.0 0.3

1998 2.1 0.5 0.3 0.6 0.3

1999 2.0 0.5 0.2 0.8 0.1

2000 2.0 0.6 0.2 0.6 0.1

2001 1.9 0.6 0.2 0.6 0.2

2002 1.7 0.7 0.2 0.6 0.2

2003 1.4 0.5 0.2 0.6 0.2

2004 1.1 0.4 0.1 0.5 0.1

2005 1.3 0.4 0.1 0.6 0.1
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2006 0.6 0.3 0.0 0.5 0.1
2007 0.6 0.2 0.1 0.7 0.1
2008 0.5 0.3 0.1 0.7 0.1
LK (O 1996 3.9 0.4 0.2 0.3 1.6
1997 3.8 0.4 0.3 0.3 1.6
1998 4.1 0.4 0.4 0.3 1.6
1999 3.4 0.2 0.1 0.2 1.9
2000 3.4 0.3 0.1 0.3 1.9
2001 3.6 0.2 0.2 0.2 1.6
2002 3.3 0.3 0.1 0.3 2.1
2003 3.5 0.4 0.1 0.3 1.6
2004 3.5 0.2 0.1 0.2 15
2005 2.7 0.2 0.1 0.3 14
2006 2.8 0.2 0.1 0.2 1.2
2007 2.7 0.3 0.1 0.2 11
2008 2.5 0.1 0.1 0.2 1.2
LK P 1996 10.2 8.6 2.4 29 0.5
1997 11.6 6.0 2.3 2.4 0.7
1998 9.6 7.5 2.6 2.8 0.5
1999 6.8 6.6 2.1 2.3 0.4
2000 6.0 7.4 2.1 2.6 0.5
2001 6.0 7.3 1.9 2.4 0.4
2002 6.3 7.4 2.6 2.9 0.8
2003 7.2 7.2 25 2.2 0.6
2004 5.9 6.4 2.5 2.4 0.5
2005 7.1 7.1 2.4 2.7 0.5
2006 7.5 6.8 2.2 2.5 0.5
2007 6.4 6.8 2.7 2.5 0.4
2008 6.7 6.4 1.5 2.5 0.5
MK oD 1996 1.0 0.5 0.2 0.7 0.1
1997 1.3 0.2 0.4 0.6 0.2
1998 11 0.1 0.2 0.5 0.2
1999 1.2 0.1 0.0 0.7 0.2
2000 1.1 0.3 0.0 0.7 0.2
2001 0.9 0.2 0.0 0.7 0.2
2002 0.8 0.1 0.0 0.6 0.2
2003 1.0 0.2 0.0 0.7 0.2
2004 0.7 0.2 0.1 0.6 0.1
2005 0.7 0.2 0.0 0.6 0.2
2006 0.7 0.2 0.0 0.7 0.1
2007 0.7 0.1 0.0 0.5 0.1
2008 0.5 0.1 0.0 0.6 0.1
MK oS 1996 0.7 0.3 0.2 0.4 0.4
1997 0.5 0.2 0.1 0.2 0.6
1998 0.6 0.2 0.3 0.3 0.4
1999 0.4 0.2 0.1 0.4 0.2
2000 0.4 0.2 0.0 0.3 0.3
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2001 0.3 0.2 0.1 0.3 0.3
2002 0.4 0.2 0.0 0.5 0.2
2003 0.3 0.1 0.1 0.3 0.2
2004 0.2 0.2 0.1 0.4 0.2
2005 0.2 0.1 0.0 0.4 0.2
2006 0.1 0.1 0.0 0.4 0.2
2007 0.1 0.1 0.1 0.4 0.1
2008 0.1 0.1 0.0 0.4 0.2
MK P 1996 2.6 4.1 1.3 3.6 1.0
1997 3.7 3.6 1.1 3.6 11
1998 2.4 4.0 1.8 3.4 1.2
1999 2.3 4.6 13 2.9 0.9
2000 2.1 4.4 1.3 4.0 11
2001 2.2 4.0 15 3.8 1.2
2002 2.5 4.7 1.9 3.9 11
2003 2.1 4.5 1.8 3.3 1.0
2004 2.3 3.5 1.6 3.4 0.9
2005 2.9 3.9 1.9 3.2 0.9
2006 2.4 4.0 1.6 3.4 11
2007 2.3 4.4 1.9 3.8 1.0
2008 2.3 3.8 1.5 3.7 1.0
UK oD 1996 2.9 0.4 0.2 0.8 0.2
1997 2.1 0.3 0.0 0.8 0.2
1998 0.9 0.3 0.0 0.8 0.2
1999 0.8 0.2 0.1 0.7 0.1
2000 0.9 0.3 0.0 0.8 0.1
2001 0.6 0.3 0.1 0.7 0.2
2002 0.7 0.2 0.0 0.6 0.1
2003 0.7 0.2 0.1 0.5 0.3
2004 0.6 0.2 0.0 0.6 0.2
2005 0.6 0.2 0.0 0.7 0.1
2006 0.5 0.1 0.1 0.6 0.3
2007 0.6 0.2 0.1 0.7 0.4
2008 0.4 0.2 0.1 0.6 0.2
UK oS 1996 4.1 0.2 0.1 0.5 0.4
1997 3.6 0.1 0.1 0.3 0.5
1998 2.8 0.1 0.1 0.3 0.5
1999 2.8 0.1 0.1 0.3 0.5
2000 2.7 0.1 0.0 0.6 0.5
2001 2.7 0.1 0.1 0.5 0.5
2002 2.4 0.2 0.1 0.5 0.6
2003 2.5 0.1 0.0 0.4 0.6
2004 2.4 0.1 0.0 0.3 0.5
2005 2.2 0.1 0.1 0.3 0.6
2006 2.1 0.0 0.0 0.4 0.5
2007 2.1 0.1 0.1 0.4 0.5
2008 2.0 0.0 0.0 0.5 0.6
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UK P 1996 12.4 0.1 0.0 1.2 0.4
1997 114 0.2 0.1 1.1 0.3
1998 111 0.2 0.0 1.2 0.5
1999 9.7 0.2 0.0 0.9 0.3
2000 8.5 0.2 0.1 11 0.4
2001 9.2 0.1 0.0 1.4 0.4
2002 9.2 0.2 0.0 1.2 0.4
2003 10.0 0.1 0.1 1.0 0.6
2004 9.7 0.0 0.0 11 0.5
2005 9.1 0.1 0.1 1.2 0.4
2006 8.3 0.1 0.0 1.2 0.5
2007 10.3 0.1 0.0 1.2 0.5
2008 9.8 0.1 0.0 1.0 0.5
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Appendix 4. Percent cover values for five sentawehl species for all years at all CREMP sites.

Site Name and Sample Montastraea Montastraea Colpophyllia Siderastrea Porites

L ocation Y ear annularis cavernosa natans Siderea astreoides
Admiral 1996 27.0 0.0 0.1 15 0.2
25.0447 °N 1997 24.9 0.0 0.1 1.2 0.2
80.3948 °wW 1998 24.1 0.0 0.0 1.4 0.5
1999 20.8 0.0 0.0 1.0 0.3

2000 18.2 0.1 0.0 0.8 0.3

2001 19.3 0.1 0.0 1.3 0.2

2002 19.5 0.1 0.0 14 0.3

2003 21.4 0.0 0.0 11 0.3

2004 211 0.0 0.0 1.2 0.4

2005 19.6 0.0 0.0 14 0.4

2006 17.9 0.1 0.0 11 0.5

2007 22.4 0.0 0.0 1.3 0.5

2008 21.2 0.0 0.0 1.2 0.5

Alligator Deep 1996 0.1 0.1 0.0 0.1 0.0
24.8452 °N 1997 0.4 0.1 0.0 0.2 0.0
80.6209 °w 1998 0.2 0.0 0.0 0.1 0.0
1999 0.1 0.0 0.0 0.2 0.0

2000 0.1 0.1 0.0 0.1 0.1

2001 0.1 0.0 0.0 0.2 0.0

2002 0.0 0.0 0.0 0.2 0.0

2003 0.0 0.0 0.0 0.1 0.0

2004 0.0 0.0 0.0 0.1 0.0

2005 0.0 0.0 0.0 0.2 0.0

2006 0.0 0.0 0.0 0.2 0.0

2007 0.0 0.0 0.0 0.2 0.0

2008 0.0 0.0 0.0 0.2 0.0

Alligator Shallow 1996 0.0 0.1 0.0 0.1 0.3
24.8461 °N 1997 0.0 0.1 0.0 0.0 0.3
80.6236 ‘W 1998 0.0 0.0 0.0 0.0 0.2
1999 0.0 0.0 0.0 0.1 0.1

2000 0.0 0.0 0.0 0.1 0.0

2001 0.0 0.0 0.1 0.1 0.0

2002 0.0 0.0 0.0 0.1 0.0

2003 0.0 0.0 0.0 0.1 0.0

2004 0.0 0.0 0.0 0.1 0.0

2005 0.0 0.0 0.0 0.1 0.0

2006 0.0 0.0 0.0 0.1 0.0

2007 0.0 0.0 0.0 0.1 0.0

2008 0.0 0.0 0.0 0.0 0.0

Bird Key Reef 1999 10.5 1.9 3.0 1.9 0.9
24.6117 °N 2000 11.5 2.5 2.9 1.6 1.0
82.8702 °wW 2001 11.6 2.2 35 1.7 1.0
2002 7.8 25 11 1.2 1.3

2003 7.1 1.9 0.7 1.7 1.1

2004 6.7 1.4 0.6 2.0 0.9

2005 5.5 15 0.4 1.7 0.5
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2006 4.8 1.8 0.6 14 0.2

2007 6.1 1.0 0.7 1.6 0.4

2008 5.9 0.8 0.6 2.1 0.4

Black Coral Rock 1999 11.8 8.4 2.3 0.4 0.6
24.6993 °N 2000 11.1 6.0 2.1 0.4 0.5
83.0022 °w 2001 12.3 7.2 2.0 0.5 0.5
2002 9.2 6.7 3.0 0.7 0.4

2003 9.2 6.2 2.4 0.2 0.7

2004 9.0 6.0 2.2 0.7 0.6

2005 10.3 5.8 2.7 0.7 0.5

2006 6.8 4.9 2.0 0.5 0.5

2007 8.3 4.9 2.1 0.4 0.6

2008 8.6 4.9 2.3 0.7 0.4

Carysfort Deep 1996 7.4 1.0 0.4 1.3 0.2
252208 °N 1997 54 0.6 0.1 14 0.4
80.2099 °w 1998 1.7 0.6 0.1 1.9 0.4
1999 1.9 0.3 0.4 1.6 0.1

2000 2.3 0.9 0.1 1.7 0.3

2001 1.3 0.6 0.2 1.3 0.4

2002 1.8 0.6 0.1 1.0 0.4

2003 1.8 0.4 0.3 0.9 0.8

2004 15 0.4 0.1 0.8 0.3

2005 1.3 0.5 0.1 14 0.1

2006 1.3 0.2 0.3 1.0 0.3

2007 1.7 0.5 0.1 1.0 0.9

2008 0.8 0.4 0.3 1.0 0.3

Carysfort Shallow 1996 0.8 0.2 0.0 0.2 0.9
252210 °N 1997 0.1 0.0 0.0 0.2 1.3
80.2103 °w 1998 0.2 0.0 0.0 0.1 1.2
1999 0.2 0.0 0.0 0.1 1.3

2000 0.1 0.1 0.0 0.4 1.7

2001 0.2 0.0 0.0 0.7 1.7

2002 0.3 0.2 0.0 0.4 2.0

2003 0.1 0.0 0.0 0.2 1.8

2004 0.1 0.0 0.0 0.2 15

2005 0.2 0.0 0.0 0.2 2.0

2006 0.1 0.0 0.0 0.4 1.6

2007 0.1 0.0 0.0 0.3 1.4

2008 0.2 0.0 0.0 0.3 1.7

Cliff Green 1996 2.8 9.9 0.8 1.2 0.2
245036 °N 1997 4.7 5.7 2.3 1.3 0.6
81.7677 °W 1998 3.1 6.7 2.7 14 0.3
1999 2.7 8.0 2.0 14 0.2

2000 2.0 7.7 2.0 2.0 0.1

2001 2.1 7.1 2.2 1.6 0.2

2002 2.0 7.5 2.9 2.2 0.6

2003 1.6 7.3 25 14 0.2

2004 0.8 5.3 1.6 1.3 0.1

2005 0.9 6.7 1.6 25 0.2
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2006 1.0 6.8 1.4 2.2 0.0

2007 0.3 7.3 2.4 2.1 0.2

2008 0.9 5.5 1.2 2.5 0.2

Conch Deep 1996 0.9 0.1 0.0 0.9 0.3
249519 °N 1997 1.0 0.2 0.0 0.5 0.2
80.4513 °W 1998 0.8 0.2 0.0 0.4 0.2
1999 0.6 0.3 0.0 0.5 0.2

2000 0.5 0.1 0.0 0.4 0.1

2001 0.6 0.1 0.0 0.9 0.1

2002 0.2 0.1 0.0 0.7 0.0

2003 0.2 0.0 0.0 0.5 0.0

2004 0.4 0.1 0.0 0.7 0.3

2005 0.6 0.0 0.0 0.6 0.1

2006 0.2 0.1 0.0 0.7 0.3

2007 0.2 0.0 0.0 0.7 0.2

2008 0.4 0.0 0.0 0.8 0.3

Conch Shallow 1996 0.0 0.0 0.0 0.3 0.0
249559 °N 1997 0.0 0.0 0.0 0.2 0.0
80.4574 °W 1998 0.0 0.0 0.0 0.3 0.0
1999 0.0 0.0 0.0 0.2 0.0

2000 0.0 0.0 0.0 0.3 0.0

2001 0.0 0.0 0.0 0.3 0.0

2002 0.0 0.0 0.0 0.3 0.0

2003 0.0 0.0 0.0 0.2 0.0

2004 0.0 0.0 0.0 0.2 0.0

2005 0.0 0.0 0.0 0.2 0.0

2006 0.0 0.0 0.0 0.3 0.0

2007 0.0 0.0 0.0 0.2 0.0

2008 0.0 0.0 0.0 0.2 0.0

Content Keys 1996 0.0 0.0 0.0 0.1 0.5
24.8221 °N 1997 0.0 0.0 0.0 0.0 0.4
81.4889 °W 1998 0.0 0.0 0.0 0.0 0.5
1999 0.0 0.0 0.0 0.3 0.7

2000 0.0 0.0 0.0 0.0 0.6

2001 0.0 0.0 0.0 0.4 1.2

2002 0.0 0.0 0.0 0.2 0.2

2003 0.0 0.0 0.0 0.1 0.2

2004 0.0 0.0 0.0 0.1 0.1

2005 0.0 0.0 0.0 0.1 0.2

2006 0.0 0.0 0.0 0.1 0.1

2007 0.0 0.0 0.0 0.1 0.1

2008 0.0 0.0 0.0 0.0 0.1

Dustan Rocks 1996 51 3.6 0.6 4.4 2.1
24.6895 °N 1997 55 3.2 0.4 3.8 1.4
81.0302 °W 1998 4.6 3.8 0.6 3.7 2.1
1999 4.4 3.7 0.8 3.7 1.2

2000 4.3 4.6 0.7 4.0 1.4

2001 3.8 3.8 0.6 3.6 1.5

2002 47 4.4 0.9 4.1 1.1
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2003 4.3 4.6 0.5 3.6 1.5

2004 45 3.4 0.8 3.8 1.3

2005 5.4 35 0.7 35 1.2

2006 4.8 4.3 0.6 3.9 1.5

2007 4.8 5.0 0.8 4.5 1.4

2008 4.7 4.3 0.8 4.2 1.6

Eastern Sambo Deep 1996 3.4 15 0.3 1.2 0.4
24.4884 °N 1997 2.8 1.4 0.7 1.7 0.3
81.6659 °W 1998 3.0 1.0 0.5 0.9 0.4
1999 2.4 1.3 0.3 1.3 0.1

2000 35 1.4 0.0 0.8 0.3

2001 2.4 1.3 0.2 0.9 0.2

2002 2.8 1.6 0.1 0.7 0.3

2003 2.1 1.3 0.3 0.7 0.1

2004 1.8 1.0 0.2 0.8 0.1

2005 1.5 1.0 0.2 1.1 0.3

2006 0.7 0.7 0.0 1.1 0.1

2007 0.7 0.6 0.2 1.0 0.2

2008 0.4 0.5 0.2 0.9 0.2

Eastern Sambo 1996 0.3 0.0 0.0 0.0 3.7
Shallow 1997 0.4 0.0 0.0 0.1 3.6
24.4917 °N 1998 0.2 0.1 0.0 0.2 4.2
81.6636 °W 1999 0.3 0.0 0.0 0.2 5.0
2000 0.4 0.0 0.0 0.0 5.1

2001 0.5 0.1 0.0 0.2 4.3

2002 0.1 0.0 0.0 0.2 5.1

2003 0.7 0.1 0.0 0.1 4.0

2004 0.5 0.1 0.0 0.1 3.6

2005 0.2 0.0 0.0 0.1 3.2

2006 0.2 0.0 0.0 0.2 2.8

2007 0.2 0.0 0.0 0.2 2.6

2008 0.1 0.0 0.0 0.1 2.8

Grecian Rocks 1996 10.9 0.4 0.3 1.0 0.5
25.1075 °N 1997 10.2 0.1 0.3 0.6 0.6
80.3069 °W 1998 8.1 0.1 0.3 0.6 0.5
1999 7.6 0.2 0.4 0.7 0.5

2000 8.3 0.2 0.0 1.2 0.3

2001 8.0 0.3 0.2 0.6 0.2

2002 7.0 0.3 0.1 1.1 0.4

2003 7.3 0.2 0.0 1.0 0.4

2004 6.8 0.2 0.1 0.5 0.3

2005 6.4 0.2 0.1 0.6 0.4

2006 6.2 0.1 0.0 0.7 0.4

2007 5.9 0.2 0.2 0.6 0.4

2008 5.8 0.1 0.1 1.1 0.4

Jaap Resef 1996 26.8 0.8 0.7 0.4 1.0
245857 °N 1997 29.7 0.2 0.6 0.0 1.3
81.5826 °W 1998 25.1 0.6 0.4 0.0 0.7
1999 16.5 0.3 0.3 0.0 0.8
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2000 14.0 0.1 0.4 0.2 0.9

2001 14.4 0.0 0.5 0.0 0.7

2002 15.3 0.2 0.6 0.1 0.8

2003 19.2 0.2 0.6 0.2 0.8

2004 16.4 0.3 0.6 0.1 0.8

2005 18.6 0.1 0.5 0.0 1.0

2006 19.8 0.0 0.4 0.0 0.7

2007 17.3 0.2 0.6 0.1 0.6

2008 18.5 0.1 0.3 0.1 0.9

Looe Key Deep 1996 2.4 15 0.6 1.3 0.3

245423 °N 1997 3.4 1.0 0.5 1.3 0.3
814145 °W 1998 2.7 0.8 0.5 0.6 0.3
1999 2.9 0.6 0.2 11 0.1

2000 2.3 0.6 0.3 11 0.1

2001 3.0 0.8 0.2 0.9 0.2

2002 2.1 0.6 0.3 0.9 0.2

2003 1.6 0.5 0.2 0.9 0.1

2004 15 0.3 0.1 0.6 0.2

2005 2.1 0.5 0.1 0.8 0.1

2006 1.3 0.3 0.0 0.6 0.2

2007 0.8 0.3 0.0 1.0 0.1

2008 0.7 0.4 0.0 0.8 0.0

L ooe Key Shallow 1996 16.0 13 0.7 0.4 0.5
245453 °N 1997 16.1 1.3 15 0.5 0.5
81.4066 °W 1998 16.6 1.7 14 0.5 0.4
1999 13.6 0.8 0.4 0.1 0.7

2000 13.7 1.0 0.6 0.2 0.4

2001 14.5 0.7 0.8 0.4 0.3

2002 13.5 1.0 0.5 0.3 0.6

2003 14.0 1.2 0.4 0.4 0.4

2004 13.8 0.7 0.4 0.3 0.4

2005 11.4 0.7 0.5 0.4 0.3

2006 11.9 0.8 0.4 0.3 0.4

2007 11.5 11 0.4 0.3 0.4

2008 9.8 0.5 0.4 0.4 0.5

M olasses Deep 1996 0.4 0.1 0.1 0.1 0.1

25.0072 °N 1997 0.0 0.2 0.0 0.3 0.0
80.3756 °W 1998 0.2 0.1 0.0 0.1 0.1
1999 0.1 0.1 0.0 0.2 0.1

2000 0.0 0.0 0.0 0.2 0.0

2001 0.0 0.1 0.0 0.1 0.0

2002 0.0 0.0 0.0 0.2 0.1

2003 0.0 0.1 0.0 0.2 0.1

2004 0.0 0.0 0.0 0.2 0.1

2005 0.0 0.1 0.0 0.0 0.1

2006 0.0 0.0 0.0 0.1 0.1

2007 0.0 0.1 0.1 0.2 0.1

2008 0.0 0.0 0.0 0.1 0.1

M olasses Shallow 1996 2.2 0.3 0.0 0.1 0.2

2009 CREMP Final Report 86 F2345-02-10-F & F2635-06-09-F



25.0089 °N 1997 2.1 0.2 0.3 0.1 0.3
80.3753 ‘W 1998 1.3 0.1 0.0 0.2 0.2
1999 1.7 0.1 0.0 0.1 0.2

2000 0.7 0.1 0.1 0.1 0.2

2001 0.9 0.1 0.1 0.3 0.3

2002 0.8 0.2 0.1 0.1 0.2

2003 11 0.1 0.0 0.1 0.3

2004 1.3 0.1 0.0 0.1 0.1

2005 1.0 0.1 0.2 0.1 0.2

2006 0.7 0.0 0.0 0.2 0.2

2007 11 0.1 0.1 0.2 0.2

2008 0.9 0.1 0.0 0.2 0.2

Porter Patch 1996 0.6 0.0 0.0 1.0 0.1

251032 °N 1997 0.3 0.1 0.1 1.1 0.0
80.3243 °wW 1998 0.6 0.1 0.0 0.7 0.1
1999 0.7 0.2 0.0 0.7 0.0

2000 0.5 0.2 0.0 15 0.0

2001 0.7 0.1 0.0 14 0.1

2002 0.8 0.2 0.0 0.9 0.1

2003 0.5 0.1 0.0 1.0 0.0

2004 0.4 0.1 0.0 0.7 0.1

2005 0.5 0.0 0.0 11 0.1

2006 0.3 0.0 0.0 1.0 0.0

2007 0.5 0.0 0.0 1.2 0.1

2008 0.4 0.0 0.0 1.0 0.0

Rock Key Deep 1996 1.3 0.9 0.6 0.5 0.0
244532 °N 1997 2.2 0.9 0.8 0.9 0.6
81.8568 ‘W 1998 1.2 1.0 0.4 0.5 0.4
1999 14 0.5 0.4 0.3 0.4

2000 0.7 1.1 0.1 0.3 0.2

2001 1.0 0.7 0.2 0.3 0.3

2002 1.0 1.6 0.3 0.6 0.3

2003 0.8 0.6 0.0 0.3 0.5

2004 0.5 0.4 0.0 0.5 0.3

2005 0.6 0.5 0.3 0.3 0.2

2006 0.2 0.5 0.0 0.5 0.2

2007 0.6 0.4 0.0 0.7 0.2

2008 0.3 0.4 0.1 0.6 0.2

Rock Key Shallow 1996 0.4 0.1 0.0 0.2 1.3
24.4546 °N 1997 0.3 0.2 0.0 0.2 1.2
81.8584 °wW 1998 0.4 0.0 0.0 0.1 1.1
1999 0.4 0.0 0.0 0.1 1.2

2000 0.3 0.1 0.0 0.2 0.9

2001 0.3 0.1 0.0 0.1 1.1

2002 0.3 0.0 0.0 0.1 1.4

2003 0.8 0.3 0.0 0.1 0.6

2004 0.4 0.1 0.0 0.1 1.1

2005 0.2 0.0 0.0 0.1 0.8

2006 0.1 0.1 0.0 0.1 0.8
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2007 0.2 0.0 0.0 0.1 0.7

2008 0.0 0.0 0.0 0.1 0.7

Sand Key Deep 1996 1.2 0.3 0.3 0.5 0.0
244517 °N 1997 1.2 0.0 0.2 0.4 0.1
81.8798 °W 1998 1.2 0.0 0.1 0.4 0.1
1999 0.8 0.0 0.2 0.5 0.0

2000 1.0 0.0 0.3 0.5 0.0

2001 0.8 0.0 0.2 0.5 0.0

2002 0.9 0.0 0.2 0.4 0.0

2003 0.8 0.0 0.1 0.4 0.0

2004 0.6 0.0 0.1 0.3 0.0

2005 0.5 0.0 0.0 0.5 0.0

2006 0.0 0.0 0.1 0.3 0.1

2007 0.2 0.0 0.1 0.6 0.0

2008 0.2 0.0 0.1 0.7 0.0

Sand Key Shallow 1996 2.3 0.5 0.1 0.6 0.7
244520 °N 1997 1.8 0.5 0.0 0.4 0.6
81.8775 °W 1998 3.3 0.2 0.1 0.5 0.4
1999 2.6 0.3 0.0 0.3 0.6

2000 2.6 0.5 0.0 0.9 0.7

2001 2.7 0.3 0.0 0.4 0.7

2002 2.4 0.4 0.0 0.7 0.8

2003 1.6 0.5 0.0 0.6 0.7

2004 2.4 0.3 0.0 0.3 0.8

2005 1.5 0.5 0.0 0.8 0.7

2006 1.7 0.2 0.0 0.4 0.7

2007 1.8 0.6 0.0 0.3 0.4

2008 2.9 0.2 0.0 0.3 0.6

Smith Shoal 1996 8.1 1.3 0.0 0.0 2.0
24,7197 °N 1997 9.4 1.0 0.0 0.1 2.4
81.9195 °W 1998 7.6 1.6 0.0 0.1 3.4
1999 12.2 1.2 0.0 0.0 1.2

2000 9.9 1.3 0.0 0.5 4.2

2001 8.4 1.6 0.0 0.3 3.2

2002 0.0 1.3 0.0 0.4 0.4

2003 0.0 1.0 0.0 0.3 0.6

2004 0.0 11 0.0 0.6 0.4

2005 0.0 11 0.0 0.4 1.0

2006 0.0 1.4 0.0 0.3 0.7

2007 0.1 1.2 0.0 0.3 0.3

2008 0.0 1.6 0.0 0.0 0.3

Sombrero Deep 1996 0.6 0.5 0.5 1.2 0.0
24,6231 °N 1997 0.9 0.4 1.0 1.0 0.1
81.1105 °W 1998 0.5 0.0 0.6 1.0 0.2
1999 0.5 0.2 0.0 1.3 0.2

2000 0.3 0.2 0.0 1.1 0.0

2001 0.6 0.2 0.0 1.1 0.1

2002 0.3 0.2 0.1 1.0 0.0

2003 0.4 0.3 0.0 1.4 0.1
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2004 0.4 0.4 0.2 1.3 0.1

2005 0.3 0.1 0.1 0.8 0.2

2006 0.1 0.2 0.1 0.7 0.1

2007 0.1 0.2 0.0 0.8 0.0

2008 0.1 0.1 0.0 0.8 0.1

Sombrero Shallow 1996 1.8 0.5 0.4 0.9 0.7
24.6259 °N 1997 1.3 0.4 0.2 0.6 0.9
81.1101 °W 1998 1.3 0.4 0.6 0.6 0.8
1999 0.9 0.3 0.1 0.8 0.5

2000 0.8 0.3 0.0 0.4 0.6

2001 0.7 0.3 0.0 0.6 0.6

2002 0.9 0.3 0.0 1.0 0.5

2003 0.8 0.2 0.1 0.6 0.5

2004 0.3 0.3 0.1 0.7 0.5

2005 0.5 0.2 0.1 0.7 0.5

2006 0.3 0.2 0.1 0.8 0.3

2007 0.2 0.2 0.0 0.7 0.3

2008 0.2 0.2 0.0 0.9 0.4

Tennessee Deep 1996 2.4 0.9 0.1 0.8 0.3
247527 °N 1997 2.6 0.2 0.1 0.6 0.4
80.7578 °W 1998 2.6 0.4 0.0 0.4 0.5
1999 2.9 0.2 0.0 0.6 0.3

2000 2.9 0.5 0.0 0.7 0.4

2001 2.1 0.4 0.0 0.7 0.5

2002 2.1 0.2 0.0 0.7 0.5

2003 2.5 0.2 0.0 0.6 0.3

2004 1.6 0.2 0.1 0.4 0.2

2005 1.9 0.4 0.0 0.7 0.4

2006 1.9 0.3 0.0 1.2 0.3

2007 2.0 0.0 0.1 0.5 0.3

2008 15 0.1 0.0 0.8 0.3

Tennessee Shallow 1996 0.1 0.2 0.1 0.1 0.2
247450 °N 1997 0.1 0.2 0.0 0.1 0.4
80.7812 °W 1998 0.2 0.3 0.0 0.0 0.2
1999 0.0 0.2 0.1 0.1 0.1

2000 0.1 0.2 0.1 0.1 0.2

2001 0.1 0.3 0.1 0.1 0.1

2002 0.1 0.2 0.1 0.2 0.1

2003 0.0 0.1 0.1 0.1 0.0

2004 0.1 0.2 0.1 0.2 0.0

2005 0.0 0.1 0.0 0.2 0.1

2006 0.1 0.0 0.0 0.2 0.1

2007 0.0 0.1 0.1 0.1 0.1

2008 0.1 0.1 0.0 0.1 0.1

Turtle 1996 0.9 0.5 0.0 1.1 1.3
25.2947 °N 1997 1.0 0.8 0.1 1.1 0.8
80.2191 °wW 1998 0.9 0.5 0.0 1.4 1.0
1999 1.0 0.5 0.1 0.9 0.7

2000 1.0 0.3 0.4 1.1 1.0
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2001 1.6 0.4 0.0 1.3 1.2
2002 1.3 0.6 0.1 1.2 1.2
2003 1.2 0.2 0.3 0.6 1.8
2004 1.1 0.1 0.1 1.3 1.2
2005 0.9 0.5 0.4 1.0 1.2
2006 1.0 0.1 0.0 1.6 1.0
2007 0.7 0.3 0.0 1.2 1.2
2008 0.9 0.5 0.1 0.9 1.3
West Turtle Shoal 1996 0.7 4.4 1.8 3.1 0.2
24.6993 °N 1997 2.3 3.9 1.6 3.4 0.8
80.9669 °W 1998 0.8 4.2 2.7 3.2 0.4
1999 0.8 5.3 1.6 2.3 0.6
2000 0.4 4.3 1.7 3.9 0.9
2001 0.9 4.2 2.2 3.9 0.9
2002 0.8 4.9 2.7 3.8 1.1
2003 0.5 4.4 2.7 3.1 0.6
2004 0.6 3.6 2.1 3.1 0.6
2005 1.0 4.3 2.8 3.0 0.7
2006 0.6 3.7 2.3 3.1 0.8
2007 0.4 4.0 2.7 3.3 0.8
2008 0.5 3.5 2.1 3.3 0.6
West Washer
Women 1996 3.4 10.6 6.8 7.9 0.6
245475 °N 1997 5.9 5.0 2.7 6.2 0.4
81.5866 °W 1998 3.2 8.2 6.0 7.1 0.8
1999 4.0 6.4 4.7 6.8 0.5
2000 3.9 7.0 5.1 6.6 1.0
2001 4.1 7.2 3.5 6.1 0.6
2002 4.4 8.7 6.1 7.4 1.0
2003 2.9 6.8 5.2 4.9 1.1
2004 2.8 6.6 5.7 6.7 0.9
2005 3.4 7.1 5.0 6.9 0.6
2006 4.0 7.9 4.4 7.5 0.9
2007 45 7.4 5.1 6.7 0.8
2008 3.0 7.4 3.0 5.3 0.6
Western Head 1996 3.1 14.1 2.4 3.3 0.2
24.4977 °N 1997 1.8 12.5 35 2.9 0.2
81.8056 °W 1998 2.7 14.3 2.6 3.6 0.3
1999 1.7 12.2 2.3 2.4 0.0
2000 2.2 14.8 1.8 2.7 0.2
2001 1.3 14.7 2.0 2.9 0.1
2002 1.3 13.8 2.2 3.1 0.7
2003 1.8 14.4 2.4 2.9 0.2
2004 0.8 13.0 2.8 2.7 0.3
2005 2.2 14.2 2.9 2.6 0.2
2006 1.9 12.8 3.2 1.8 0.3
2007 0.9 12.8 3.5 2.5 0.3
2008 1.3 12.7 2.0 3.0 0.2
Western Sambo
Deep 1996 2.4 0.0 0.0 0.5 0.4
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244785 °N 1997 2.4 0.0 0.1 0.5 0.3
817161 °W 1998 2.1 0.0 0.1 0.5 0.3
1999 2.1 0.1 0.1 0.5 0.2

2000 2.1 0.0 0.1 0.4 0.1

2001 1.9 0.0 0.1 0.5 0.3

2002 1.7 0.2 0.0 0.3 0.3

2003 1.6 0.0 0.2 0.4 0.3

2004 1.0 0.0 0.1 0.3 0.2

2005 1.5 0.1 0.1 0.3 0.1

2006 0.7 0.0 0.0 0.1 0.0

2007 0.7 0.0 0.0 0.3 0.1

2008 0.9 0.0 0.0 0.4 0.1

Western Sambo 1996 1.7 0.1 0.3 0.4 1.8
Shallow 1997 1.7 0.0 0.1 0.2 2.1
244797 °N 1998 1.5 0.0 0.4 0.5 2.1
817170 °W 1999 1.0 0.1 0.0 0.4 2.2
2000 1.2 0.0 0.1 0.3 2.5

2001 1.0 0.1 0.2 0.2 2.1

2002 1.1 0.0 0.1 0.2 2.6

2003 1.1 0.1 0.1 0.3 2.7

2004 1.6 0.0 0.1 0.3 1.9

2005 1.2 0.0 0.1 0.2 2.0

2006 0.8 0.0 0.0 0.3 1.6

2007 0.6 0.1 0.0 0.3 1.5

2008 0.5 0.0 0.0 0.4 1.3

White Shoal 1999 0.2 0.1 0.3 0.4 0.1
246416 °N 2000 0.3 0.1 0.2 0.3 0.2
82.8964 °W 2001 0.4 0.1 0.5 0.4 0.0
2002 0.3 0.1 0.3 0.1 0.0

2003 0.4 0.1 0.2 0.2 0.1

2004 0.2 0.1 0.2 0.3 0.0

2005 0.3 0.1 0.1 0.2 0.1

2006 0.2 0.0 0.1 0.2 0.0

2007 0.1 0.1 0.1 0.2 0.1

2008 0.2 0.0 0.3 0.2 0.1

2009 CREMP Final Report 91 F2345-02-10-F & F2635-06-09-F



Appendix 5. Long-term trends in stony coral cov@®@.to 2008.

Habitat
B Backcountry Patch

@ Patch

A Offshore Shallow

¥  Offshore Deep

Trends in Stony Coral Cover from 1996 to 2008

B  Increasing Trend (P < 0.002)
o Significant Tren > 0. i £ Carysfort
M No Significant Trend (P > 0.002 o
; ik %.-@ Grecian

B Decreasing Trend (P < 0.002) e P Rocks

2 % Molasses

75 Conch
Content Keys B ,fy
_' Ao Alligator
Smith Shoal (P : - Ay
e ®TS Tennessee
., ) . DR
g B P Sombrero
tj IR - £ .JR '
® . k]
WH..CG.‘ Ww Looe Key
“ 0 E. Sambo
Sand Key W. Sambo
Rock Key
N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W. Washer, JR- Jaap Reef, ~ 0__5_ 10 i d A0 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle g Nauti 7 K - - ™
autical Miles

2009 CREMP Final Report 92

F2345-02-10-F & F2635-06-09-F




Appendix 6. Long-term trends in stony coral coveni 1999 to 2008.

Habitat
B Backcountry Patch
@® Patch

A Offshore Shallow

v

Offshore Deep

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)

I Decreasing Trend (P < 0.002)

Trends in Stony Coral Cover from 1999 to 2008

2 i 7
‘ Molasses
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o Conch
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Black Coral Rock Smith Shoal M Ay
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®~ S \WH
Sand Key “
N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W, Washer, JR- Jaap Reef, ~ 0__°_ 10 20 30 40 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /
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Appendix 7. Long-term trends in macroalgal covenfr1996 to 2008.

Habitat
B Backcountry Patch
@® Patch

A Offshore Shallow

v

Offshore Deep

Trends in Macroalgae Cover from 1996 to 2008

M  Increasing Trend (P < 0.002)

B No Significant Trend (P > 0.002)

B Decreasing Trend (P < 0.002) : A _ o n . Rocks
: = d ‘ Molasses
T Conch
Content Keys yd &
._' o 5 A Alligator
Smith Shoal A o M Ay
. E g @®TS Tennessee
Lals ¢ DR
c"j ; g f3 Sombrero
’ b B S (=]
WH..CC':'0 Www 'Looe Key
“ ’ E. Sambo
Sand Key W. Sambo
Rock Key
N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W, Washer, JR- Jaap Reef, ~ 0__°_ 10 20 30 40 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /
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Appendix 8. Long-term trends in macroalgal covenfr1999 to 2008.

Habitat
B Backcountry Patch
@® Patch

A Offshore Shallow

v

Offshore Deep

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)

I Decreasing Trend (P < 0.002)

Trends in Macroalgae Cover from 1999 to 2008

2 i 7
‘ Molasses
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N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W, Washer, JR- Jaap Reef, ~ 0__°_ 10 20 30 40 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /
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Appendix 9. Long-term trends in octocoral covenird996 to 2008.

Habitat
B Backcountry Patch
@® Patch

A Offshore Shallow

v

Offshore Deep

Trends in Octocoral Cover from 1996 to 2008

M  Increasing Trend (P < 0.002)

B No Significant Trend (P > 0.002)

B Decreasing Trend (P < 0.002) : A _ o n . Rocks
: = d ’ Molasses
T Conch
Content Keys yd »
._' o 5 A Alligator
Smith Shoal A o M Ay
. E g @®TS Tennessee
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c"j ; g f3 Sombrero
’ b B S (=]
WH..CC':'0 Www 'Looe Key
“ 0 E. Sambo
Sand Key W. Sambo
Rock Key
N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W, Washer, JR- Jaap Reef, ~ 0__°_ 10 20 30 40 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /
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Appendix 10. Long-term trends in octocoral covenir1999 to 2008.

Habitat
B Backcountry Patch
@® Patch

A Offshore Shallow

v

Offshore Deep

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)

I Decreasing Trend (P < 0.002)

Trends in Octocoral Cover from 1999 to 2008

2 i 7
’ Molasses
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N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W, Washer, JR- Jaap Reef, ~ 0__°_ 10 20 30 40 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /
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Appendix 11. Long-term trends in sponge cover f@86 to 2008.

Habitat
B Backcountry Patch
@® Patch

A Offshore Shallow

v

Offshore Deep

Trends in Sponge Cover from 1996 to 2008

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)

I Decreasing Trend (P < 0.002)

y ‘ Molasses

8 Conch

Content Keys yd ¢
._ AP 5 A Alligator
Smith Shoal A o M Ay
. E g @®TS Tennessee
LA ’ DR
c"j ; g f3 Sombrero
v . I = [ .
° WH..CC':'0 Www 'Looe Key
“ 0 E. Sambo
Sand Key W. Sambo
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N
Patch Reef Abbreviations: WH- Western Head, CG- CIiff Green, WW- W, Washer, JR- Jaap Reef, ~ 0__°_ 10 20 30 40 )
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /
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Appendix 12. Long-term trends in sponge cover fa#A9 to 2008.

Habitat
B Backcountry Patch
@® Patch
A Offshore Shallow
V¥  Offshore Deep

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)
B Decreasing Trend (P < 0.002)
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Trends in Sponge Cover from 1999 to 2008
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Appendix 13. Long-term trends Montastraea annularis complex cover from 1996 to 2008.

®
A
v

Habitat

Trends in Montastraea annularis Cover from 1996 to 2008
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Patch

Offshore Shallow

Offshore Deep
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Appendix 14. Long-term trends Montastraea annularis complex cover from 1999 to 2008.

Habitat
W Backcountry Patch
@® Patch
A Offshore Shallow
¥  Offshore Deep

Trends in Montastraea annularis Cover from 1999 to 2008

B Increasing Trend (P < 0.002)

B No Significant Trend (P > 0.002) '.«_—I Carysfort
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Appendix 15. Long-term trends Montastraea cavernosa cover from 1996 to 2008.

Habitat
B Backcountry Patch

® Patch
A Offshore Shallow
v

Offshore Deep

Trends in Montastraea cavernosa Cover from 1996 to 2008

B Increasing Trend (P < 0.002)
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B No Significant Trend (P > 0.002)
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Appendix 16. Long-term trends Montastraea cavernosa cover from 1999 to 2008.
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Trends in Montastraea cavernosa Cover from 1999 to 2008
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Appendix 17. Long-term trends @olpophyllia natans cover from 1996 to 2008.
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Trends in Colpophyllia natans Cover from 1996 to 2008
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Appendix 18. Long-term trends @olpophyllia natans cover from 1999 to 2008.
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Trends in Colpophyllia natans Cover from 1999 to 2008
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Appendix 19. Long-term trends Forites astreoides cover from 1996 to 2008.
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Trends in Porites astreoides Cover from 1996 to 2008

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)

I Decreasing Trend (P < 0.002)
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Appendix 20. Long-term trends Forites astreoides cover from 1999 to 2008.
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Offshore Deep

Trends in Porites astreoides Cover from 1999 to 2008
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Appendix 21. Long-term trends fderastrea siderea cover from 1996 to 2008.
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A Offshore Shallow
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Offshore Deep

Trends in Siderastrea siderea Cover from 1996 to 2008

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)

I Decreasing Trend (P < 0.002)

Molasses

=g Conch
Content Keys ,fi
3 S S A Alligator
Smith Shoal JE M Ay
. E g @®TS Tennessee
o = ¢ DR
c"j ; L g f P Sombrero
: b Bl @
WH..060 Ww 'Looe Key
“ 0 E. Sambo
Sand Key W. Sambo
Rock Key
N
Patch Reef Abbreviations: WH- Western Head, CG- Cliff Green, WW- W. Washer, JR- Jaap Reef, ?_‘ 5:—. 1? 2_10 3? 4IO i
DR- Dustan Rocks, TS- W. Turtle Shoal, A- Admiral, PP- Porter Patch, T- Turtle 2 = [
Nautical Miles /

2009 CREMP Final Report 108 F2345-02-10-F & F2635-06-09-F




Appendix 22. Long-term trends fiderastrea siderea cover from 1999 to 2008.

Habitat
B Backcountry Patch

@® Patch

A Offshore Shallow

V¥  Offshore Deep

Trends in Siderastrea siderea Cover from 1999 to 2008

M  Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)
B Decreasing Trend (P < 0.002)
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Appendix 23. Long-term trends @iona delitrix cover from 2001 to 2008.
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Trends in Clionaid Cover from 2001 to 2008

B Increasing Trend (P < 0.002)
B No Significant Trend (P > 0.002)
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