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2009 Executive Summary
During 44 days of fieldwork from May 30" through September 6™, 2009, research scientists from the

Center for Marine Science, University of North Carolina at Wilmington, surveyed the density, size, and
condition of benthic coral reef organisms in the Florida Keys National Marine Sanctuary (FKNMS) from
northern Key Largo to SW of Key West. This work is part of a larger program that started in 1999 that
documents the status and condition of benthic coral reef resources in the Florida Keys in relation to cross-
shelf position, regional location, and the location of spatial management zones (no-take areas). We also
collaborated this year with Ms. Nancy Sheridan from the Florida Fish & Wildlife Research Institute
(FWRI/FWCC), who is pursuing research funding to sample nearshore habitats for species targeted by the

marine life trade.

Benthic survey methods are built around a two-stage stratified random sampling design that partitions the
Florida Keys sampling domain by benthic habitat type, regional sector, and management zone. Five main
hard-bottom and coral reef habitat types were sampled from inshore of Hawk Channel to the deeper fore-
reef from 0.9 m to 13.1 m depth: inshore patch reefs, mid-channel patch reefs, offshore patch reefs,
shallow hard-bottom, platform margin high-relief spur and groove (< 6 m depth), and the deeper fore-reef
(6-13 m depth) encompassing continuous hard-bottom, patchy hard-bottom, and low-relief spur and
groove. Sites were further partitioned by regional sector (upper, middle, and lower Keys) and
management zone within the FKNMS. The 2009 sampling included all 23 no-take zones from northern
Key Largo to SW of Key West, designated as Sanctuary Preservation Areas, Ecological Reserves, and
Special-use Areas/Research Only Areas. For the 160 sites sampled, latitude/longitude points were
randomly generated in a geographic information system (GIS) incorporating available benthic habitat and
bathymetry data for the sampling domain. At each site, four 15-m transects were deployed to inventory:
depth and topographic complexity; species richness of stony corals, gorgonians, and sponges; percent
cover of abiotic (e.g. sand and rubble) and biotic (e.g. algae, sponges, stony corals, gorgonians)
components; stony coral density, colony size, and condition; juvenile coral density and size; gorgonian
density and gorgonian host occupation patterns by flamingo-tongue (Cyphoma) snails; density and size
(test diameter) of urchins; density of anemones and corallimorpharians; and density of selected mollusks
(sea slugs, nudibranchs, and certain gastropods). These variables have been assessed periodically by our
program over the past ten years and add to a growing spatial and temporal data set to document their

status and trends, specifically in relation to no-take management strategies in the Sanctuary.

This report summarizes the major findings and provides descriptive data for the benthic variables

measured during 2009. The report is divided by chapter for each of the major categories of variables
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measured, and includes data tables, underwater photographs, maps, and data charts. The data were
collected by a four-member survey team that conducted 505 SCUBA dives and approximately 700 hours

of underwater bottom time.

Species richness surveys for stony corals, gorgonians, and sponges encompassed 9,600 m? of benthic
habitats among the 160 sites. A total of 43 stony coral taxa were encountered, with a range in site-level
species richness of 5 to 26 species per 60 m® Similar to previous years, mid-channel and offshore patch
reefs tended to yield the greatest numbers of species, especially in the lower Florida Keys region. A total
of 31 gorgonian taxa were encountered, with a range of two to 25 species per 60 m? among sites. A total
of 82 sponge taxa were encountered and site species richness ranged from one to 46 species. Surveys of
percent cover of major bottom components using the point-intercept technique indicated patterns of
coverage that were generally consisted with similar surveys in 1999-2001 and 2005. Total coral cover
showed a considerable range among habitats (0.3-58.3%), but was generally greater on patch reefs in both
reference areas and no-take zones. Greater coral cover on patch reefs reflected the dominance of massive
framework corals. On the platform margin, algae were dominant (> 75% cover) at the majority of sites
sampled and consisted primarily of turf algae, crustose coralline algae, but also certain macroalgal genera

such as Dictyota, Halimeda, and Stypopodium.

A total of 14,685 stony corals were counted, measured, and assessed for condition, including disease,
bleaching, and predation. In contrast to 2005, coral bleaching was mild during 2009 and the prevalence of
disease-like conditions was less than one percent. Patch reefs continue to harbor the greatest densities of
corals, especially massive framework builders such as Diploria, Colpophyllia, Montastraea, and
Siderastrea. A total of 5,544 juvenile (< 4 cm max. diameter) scleractinian corals were identified,
enumerated, and measured for maximum length representing at least 32 different coral taxa. Juvenile
coral densities were relatively high (> 8 per m?) on mid-channel and offshore patch reefs, especially in the
lower Florida Keys. Overall, the dominant corals comprising the juvenile coral assemblage paralleled the
patterns of relative abundance in the adult coral community. A total of 34,965 gorgonians were identified
and counted, along with assessments of the density, shell length, and host occupation patterns of
flamingo-tongue snails (Cyphoma spp.) among 160 sites (2,560 m?). With the exception of some patch
reef and shallow spur and groove sites, gorgonians are a dominant component of the sessile invertebrate
assemblage, with densities as high as 38 colonies per m®. A total of 111 C. gibbosum snails were
encountered and all but one was found on gorgonian hosts. Similar to surveys in 2001 and 2008,

Cyphoma snails appeared to preferentially occupy certain gorgonian genera in relation to their abundance,
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but not others. In contrast to previous surveys in 2001 and 2008, Cyphoma densities were more similar

between reference areas and no-take zones for several habitat types.

Five urchin species were encountered and 1,768 individuals were counted and measured for test diameter
(TD). Of these, 90% were either Echinometra viridis, which was particularly abundant on mid-channel
and offshore patch reefs, or Eucidaris tribuloides, which was most abundant on high-relief spur and
groove and deeper fore-reef habitats. Densities of the long-spined sea urchin (Diadema antillarum) are
still relatively low (< 0.3 individuals per m?) by historical (pre-1983) standards; however, two temporal
trends are noteworthy. First, densities of D. antillarum have slowly increased since 1999, and the highest
densities presently occur on mid-channel and offshore patch reefs. Second, there has been a shift in the
average and maximum sizes of individuals encountered over the past 10 years to larger individuals. In
2009, individuals as large as 9.3 cm TD were recorded, which we never encountered from 1999-2005.
The average size of Diadema encountered up until 2005 was < 3.0 cm TD, while 2009 yielded an average
size of 5.0 cm TD. Where aggregations of urchins were found, there were clear and obvious impacts to
the substratum. Assuming these trends continue, and as more space becomes cleared of algae, it will be

important to monitor for recruitment of invertebrates, including perhaps corals.

Five anemone species and three corallimorpharian species were encountered and frequency of occurrence
and densities were determined among habitat types, regions, and between no-take zones and reference
areas. A total of 461 anemones were counted, of which ~91% were either Bartholomea annulata or
Lebrunia danae. Anemones and corallimorpharians exhibited similar spatial patterns in abundance among
habitats in 2009 compared to previous surveys in 2000, 2005, and 2008. A total of 5,418
corallimorpharians were counted, of which ~79% were Ricordea florida, followed by two Discosoma
species. R. florida was most abundant on mid-channel and offshore patch reefs, especially in the lower
Keys, and was particularly abundant in no-take zones in the Western Sambo and Looe Key areas

compared to patch reefs outside of FKNMS no-take zones.

I. Introduction

Like many coral reef ecosystems, the Florida Keys have experienced significant decline in recent decades,
including loss of urchins and corals due to disease and for corals loss from bleaching during warm-water
events that have also occurred throughout the wider Caribbean (Jaap 1984; Dustan and Halas 1987;
Aronson and Precht 2001; Chiappone et al. 2002). In addition, impacts to reefs are also evident from
over-use such as from finfish fishing and harvesting ornamentals, coastal development, and a

considerable array of natural phenomena affecting Florida Keys reefs including atmospheric cold fronts
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because of high latitude, continental influence (including Florida Bay exchange), and destructive tropical
storms (Precht and Miller 2007). This multitude of stressors has made it difficult to discern the degree to
which human activities have affected ecological integrity relative to natural system variability
(Somerfield et al. 2008).

While understanding the causes of coral reef decline is a fundamental pursuit among coral reef ecologists,
our sampling program was designed specifically to document the status and trends of no-take
management zones throughout the FKNMS. To evaluate potential changes in no-take management zones,
it is necessary to also document changes caused by natural system variability or stressors, such as
mortality events caused by disease or bleaching, coral recruitment events (especially related to Acropora
corals), or recovery of the previously abundant sea urchin, Diadema antillarum. By broadly sampling
populations across multiple habitat types, from nearshore to offshore, inside and outside of the no-take
management zones, and throughout the Florida Keys from south of Miami to the Dry Tortugas, over a
ten-year period, we have documented the distribution, abundance, and changes over time, of coral reef
communities in the region. Our data and results are unprecedented in spatial coverage and establish a
baseline from which future comparisons can be made, related to further decline, recovery, or stasis. It is
important to note that our program began in the late 1990s, long after major declines had already occurred
in the region, specifically the loss of D. antillarum and Acropora corals. One way we are addressing the
absence of earlier information (from the 1970s before the major die-offs) is through a data-rescue project
that will begin in 2010. In partnership with the FKNMS, we have identified a previously-funded NSF
project that sampled reefs in the lower Florida Keys, but was never published. We are working with the
Principal Investigator of that project to incorporate the historical data set with ours and to resample these
same sites originally surveyed over 30 years ago.

In 2009, during just over six weeks of fieldwork in the Florida Keys, we sampled 160 different sites
stratified by habitat, regional sector, and management zone from northern Key Largo to Key West within
the FKNMS. These measurements add to a growing temporal base of observations made by our program
since 1999 (Chiappone et al. 2002a, b; Miller et al. 2002). Previous surveys aided in optimizing a
sampling plan for obtaining estimates of abundance and size of benthic coral reef organisms (see previous

Quick Look reports at http://people.uncw.edu/millers). Our sampling program is specifically designed to

help resource managers evaluate the performance of smaller protected areas (no-take zones) relative to

other factors that influence the larger ecosystem.
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I1. Study Area and Survey Methods

Study area and sampling obj ectives

The Florida Keys comprise an archipelago of limestone islands spanning more than 360 km from south of
Miami to the Dry Tortugas and, with the exception of isolated banks in the Flower Gardens area in the
Gulf of Mexico, represent the only region of extensive coral reef development in the continental United
States (Jagp 1984). The idands are part of the larger south Florida shelf, a submerged Pleistocene
platform 6 km to 35 km wide and generally < 12 m deep (Lidz et al. 2003). The primary influences on the
distribution and development of Florida Keys reefs are paleotopography and fluctuating sea level (Shinn
et a. 1989; Lidz et al. 2003). Bedrock throughout south Florida is Pleistocene limestone, either exposed
on the seafloor or lying underneath Holocene reefs and sands (Shinn et a. 1989). As one proceeds
seaward from the shoreline of the Pleistocene islands, a nearshore rock ledge extends ~2.5 km from the
shoreline, with the seabed consisting of hard-bottom, seagrass, and isolated inshore patch reefs (FMRI
1998). Offshore of the idland platform is Hawk Channel, a broad trough-like depression dominated by
non-coraline, non-oolitic grainstone, dotted with several thousand patch reefs whose distribution is
affected by the number and width of tidal passes connecting Florida Bay and the Atlantic Ocean
(Marszalek et al. 1977). Bands of rock ridges exist further offshore along the outer shelf and on the upper
slope from 30-40 m depth before tapering off into the Straits of Florida. The semi-continuous offshore
reef tract is emergent in places, in which Holocene reefs sit atop a ridge of Pleistocene corals (~86-78 ka),
forming a shelf-margin ledge (Lidz et al. 2003), with a series of outlier reefs seaward of this main reef
tract at 30-40 m depth (Lidz 2006). Similar to the inner shelf margin patch reefs, offshore platform
margin reef distribution reflects exchange processes between Florida Bay and the Atlantic Ocean
(Marszalek et al. 1977; Shinn et a. 1989), which is related to the size and orientation of the Pleistocene
islands, the locations of major tidal passes, and the proximity of the Florida Current to the platform
margin (Pitts 1994; Smith 1994).

The 2009 sampling of coral reef benthic invertebrates and marine debris in the Florida Keys National
Marine Sanctuary (FKNMS) was undertaken as a spatially intensive effort to quantify the distribution,
abundance, size, and condition of benthic coral reef organisms. The 2009 surveys conducted during May
30™ through September 6" were an outgrowth of previous efforts conducted by our program dating back
to 1999 to quantify the abundance and condition of coral reef benthos throughout the FKNMS, including
the Tortugas region (Miller et al. 2002). Previous surveys in the FKNMS, excluding the Tortugas region,
included 80 sites sampled Keyswide in 1999, 45 sites in the lower Keys region in 2000, 108 sites
Keyswide in 2001, 195 sites Keyswide in 2005, 107 sites in the upper Keys region in 2006, 235 sites
Keyswide in 2007, and 145 sites Keyswide in 2008. Data obtained from these earlier efforts, together
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with existing habitat mapping information for the FKNMS, were used to guide the sampling of benthic

coral reef organismsin 2009. The objectives of the 2009 sampling effort were to provide information on:

= Depth and physical structure (maximum vertical relief) of survey sites;

= Habitat-based presence-absence distribution patterns of stony corals, gorgonians, and sponges
within diverse hard-bottom and coral reef habitat types from ~1 m to 13 m depth;

=  Percent cover of abiotic and biotic components;

= Density, size, and condition (percent live tissue, disease, bleaching, predation) of stony corals;

= Density and maximum diameter of juvenile (< 4 cm) scleractinian corals;

= Density of gorgonians, as well as gorgonian host occupation patterns of flamingo-tongue snails;

*» Density and size (test diameter) of sea urchins, representing a continuing effort to monitor
recovery of the historically abundant long-spined sea urchin Diadema antillarum;

» Density of seaanemones and corallimorpharians; and

= Density of selected mollusks such as sea dugs, nudibranchs, and certain other gastropods (Thais,

Leucozonia, Coralliophila).

Sampling design and field methodology

The sampling design for assessing benthic coral reef organisms encompassed 160 sites visited during
May-September 2009. Sites were distributed from northern Key Largo near the boundary between the
FKNMS and Biscayne National Park to southwest of Key West at Western Dry Rocks (Figure 2-1). The
sampling design included six major habitat types in three regions, as well as all 23 of the no-take marine
reserves designated as Sanctuary Preservation Areas (SPA), Ecological Reserves (ER), and Research
Only Areas (RO) in the FKNMS, not including the Tortugas region (Table 2-1). Table 2-2
chronologically lists the sampling locations during May-September 2009.

The habitat strata selected for the 2009 sampling incorporated most of the hard-bottom and coral reef
habitat types from inshore of Hawk Channel to ~13 m depth along the reef tract. The sampling in 2009
did not include back reef rubble, nearshore hard-bottom, hard-bottom/seagrass matrix habitats, or deeper
(> 15 m) fore reef areas. Habitats sampled during 2009 were inshore and mid-channel patch reefs,
offshore patch reefs, shallow (< 6 m) hard-bottom, inner line reef tract spur and groove from Grecian
Rocks northward to Turtle Reef, shallow (< 6 m) high-relief spur and groove along the platform margin,
and deeper fore-reef habitats from 7-13 m depth. Deeper fore-reef habitats encompassed continuous, low-
relief hard-bottom, patchy hard-bottom, and low-relief spur and groove. The list of sites organized by
benthic habitat type is provided in Table 2-3, together with site-level data on depth and maximum vertical
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relief. Besides habitat type, sites were further categorized by regional sector (along-shelf position) and
management zone (inside and outside of FKNMS no-take zones). Figures 2-2 to 2-4 show the spatial
distribution of sampling locations by habitat type for the upper, middle, and lower Florida Keys regional
sectors, along with the boundaries of existing no-take marine reserves in the FKNMS. Figures 2-5 to 2-7

provide examples of each of the hard-bottom and coral reef habitat types sampled during 2009.

A geographic information system (GIS) containing digital layers for benthic habitat (FMRI 1998),
bathymetry, and no-take marine reserve boundaries was used to facilitate delineation of the sampling
survey domain, strata, and sample units. Map resolution was such that the survey domain was divided into
agrid with individual cells of size 200 m by 200 m (40,000 m?) that defined unique habitat classes (Table
2-1). A two-stage sampling scheme following Cochran (1977) was employed to control for spatial
variation in population metrics at scales smaller than the grid cell minimum mapping unit. Grid cells
containing targeted reef and hard-bottom habitats were designated as primary sample units. A second-
stage sample unit was defined as a belt transect of fixed area (15-m x 1-m in dimension) within a primary
sample unit. The size of an individual primary sampling unit allowed divers to swim to the |ocation of any

given second-stage sampling unit from a moored or anchored vessel.

To control for spatial variation in species richness, cover, and population abundance metrics, we divided
the Florida Keys survey domain into strata based upon: 1) habitat class; 2) geographic region; and 3)
management zones of the Florida Keys National Marine Sanctuary (FKNMS). A grid system constructed
in a geographic information system (GIS) was used to overlay the existing habitat map of the Florida
Keys. Cells or blocks 200 m x 200 m in dimension were used to randomly select sites from the
combination of habitat type, regional sector, and management zone. Habitats were designated using
regional benthic habitat maps (FMRI 1998). The habitat classification scheme accounted for features that
correlate with benthic fauna distributions, including cross-shelf position, topographic complexity, and the
proportion of sand interspersed among hard-bottom structures. A geographic regiona stratification
variable was used to account for oceanographic and geological features in the Florida Keys that may
influence the distribution and community composition of hard-bottom and reef habitats (Marszalek et al.
1977; Shinn et a. 1989). Regional sectors were defined as follows: upper Florida Keys (BNP boundary
south to Pickles Reef), middle Florida Keys (Conch Reef southwest to Moser Channel), and lower Florida
Keys (Big Pine Shoal west to Satan Shoal). FKNMS management zones (i.e. no-take marine reserves)
were incorporated as a third stratification variable that delineated areas open and closed to consumptive

activities. Within each no-take zone, a minimum of two replicate sites were sampled in a given habitat

type.

-10-
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The power of the stratified random sampling approach is essentially two-fold. First, the habitats
comprising the most area are allocated more sites than those with less area (i.e., a proportional design).
Second, habitats with more variability in a particular metric are alocated more sites than those with less
variability. The ultimate power of this approach is derived more from the number of sites sampled rather

than the effort expended per site.

The underwater surveys consisted first of locating randomly selected, pre-determined coordinates with a
differential globa positioning system. A Garmin® global positioning system receiver (model GPS76)
was used to determine the position at each site. The original sampling list included 158 sampling
locations, with an additional 107 alternate sites for the upper, middle, and lower Florida Keys regions. If
the original waypoint was not the intended habitat type, the closest alternate site was sampled instead.
Once on-site, a two- or three-person benthic diver team oriented four transect tapes 15 in length, marked
in 1-m increments, along the bottom. A 60 m? area (a 1-m wide belt centered on each 15-m long transect
tape) was surveyed at each site for most variables. Benthic cover was assessed by sampling 100 points
gpaced 15 cm apart along each transect. The diver team surveyed the array of transects for: depth,
maximum vertical relief, and estimates of the percent of the belt transect area represented by different
relief categories on all four transects; stony coral, gorgonian, and sponge species presence-absence; stony
coral numbers, colony sizes, and colony condition; juvenile scleractinian coral humbers and maximum
diameter on two of four transects in ten randomly placed 0.65-cm x 0.48-cm quadrats; gorgonian numbers
and Cyphoma snail numbers, sizes, and gorgonian hosts; urchin numbers and sizes (test diameter);
anemone and corallimorpharian numbers; and the numbers of other selected mollusks. Transects were
placed in a haphazard fashion, but in away that best represented the habitat at the randomly selected site
coordinates. Once transects were deployed, divers determined the minimum and maximum depth along
the transect using a digital depth gauge, as well as the maximum vertical relief along each transect using a
50-cm scale bar marked in 5-cm increments. Maximum vertical relief took into consideration hard
substratum, corals, and sponges, but did not include gorgonian height. Belt transect areas were aso scored
for the percentage transect area with different relief categories (< 0.2 m, 0.2-0.5m, 0.5-1.0 m, 1.0-1.5m,
> 1.5 m) for both hard and soft (gorgonians) complexity features. Digital photographs of each site were
taken to record general site features and organisms encountered.

The 2009 sampling effort (160 sites) required 44 field days from May 30 through September 6 (Table 2-

3). Only afew field days were lost due to personnel injuries or inclement weather in July and August.

The May-September sampling was generally marked by calm conditions, but curiously odd patterns of

-11-
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underwater visibility, with better than average visibility in the lower and middle Keys for most of the
summer. A private research vessel (R/V Magic |l, Key Largo, captained by David Ward) and
NURC/UNCW in Key Largo provided on-the-water diving support. The survey team consisted of
personnel from the Center for Marine SciencelUNCW (Mark Chiappone, Leanne Rutten and Thor
Dunmire) and the Florida Wildlife Research Institute (Nancy Sheridan) (Table 4). SCUBA tank fills and
lodging were partially provided by the National Undersea Research Center-UNCW facility on Key
Largo. The sampling effort depended upon 6 to 7 hours in the water daily by a two- or three-person
benthic team to complete an average of 3-4 sites per day. Typically 70-80 minutes per site were needed
to sample the targeted benthic variables. Table 2-4 summarizes the diving statistics for 2009. The
benthic surveys at the 160 sites required 505 dives comprising just over 700 hours of underwater bottom

time.

-12-
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Figure 2-1. Sampling locations for benthic coral reef organisms from southwest of Key West to northern
Key Largo during May-September 2009.
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Figure 2-2. Florida Keys sampling locations by benthic habitat type from the southern Biscayne National
Park boundary to Tavernier during 2009.
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Figure 2-3. Florida Keys sampling locations by benthic habitat type from Tavernier to Bahia Honda

during 2009.
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Figure 2-4. Florida Keys sampling locations by benthic habitat type from Bahia Honda to Western Dry

Rocks during 2009.
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Figure 2-5. Examples of mid-channel and offshore patch reefs sampled in the Florida Keys during 20009.

Inshore patch reef Offshore patch reef
Site S03, Newfound Harbor SPA, 1.8-3.0 m Site S69, Coffins Patch SPA, 3.0-4.6 m
24° 36.938'N, 81° 23.621'W 24° 41.156'N, 80° 57.792’ W

Mid-channel patch reef Offshore patch reef
Site U40, Marker 49A, 4.6-6.4 m Site T0O6, West of Elbow Reef, 4.6-5.8 m
24° 37.493'N, 81° 14.087' W 25°09.251'N, 80° 16.131'W
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Figure 2-6. Examples of low-relief hard-bottom and high-relief spur and groove reefs sampled in the
Florida Keys during 2009.

Low-relief hard-bottom High-relief spur and groove
Site T18, Watson' s Reef, 4.0-5.8 m Site S78, Sombrero Key SPA, 3.7-6.4 m
25°10.925'N, 80° 15.866'W 24° 37.555'N, 81° 06.730' W

High-relief spur and groove High-relief spur and groove
Site S47, Sand Key SPA, 1.8-5.2m Site T33, Sand Idland, 3.0-5.5m
24° 27.123'N, 81° 52.666' W 25°01.196'N, 80° 22.067' W
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Figure 2-7. Examples of deeper (6-15 m) fore-reef habitats sampled in the Florida Keys during 2009.

Low-relief hard-bottom Low-relief spur and groove
Site T47, Little Conch Reef, 6.7-8.2 m Site S54, Western Sambo, 11.0-13.1 m
24°55.939'N, 80° 29.534'W 24° 28.657'N, 81° 43.536'W

Patchy hard-bottom Low-relief spur and groove
Site T30, South of Elbow Reef, 9.8-10.4 m Site T56, Alligator Reef SPA, 8.8-9.4 m
25° 07.888'N, 80° 16.575' W 24° 50.653'N, 80° 37.465' W
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Table 2-1. Survey effort for benthic coral reef organismsin the Florida Keys National Marine Sanctuary
during May-September 2009. Sites are arranged by habitat type, regional sector, and management zone.
Available sites (n) reflect the number of 200 m x 200 m sites based upon FMRI (1998) habitat mapping
data. Asterisked sites (**) are Sanctuary Preservation Areas (SPA), Ecological Reserves (ER), or
Research Only Areas (RO). ny (%) = proportion of sites available in a particular stratum relative to the
total number of sites in the sampling domain.

Habitat type/region/protection Sitessampled % of Effort Sitesavailable Niot (%) N/No (%)
(n) (Ntr)

Inshore patch reef (IPR)
Lower FloridaKeys

Reference sites 2 125 114 1.09 175
Hen and Chickens SPA** 2 1.25 6 0.06 33.33
IPR Habitat Total 26 16.25 120 1.18 1.38
Mid-channel patch reef (MPR)
Upper FloridaKeys
Reference sites 5 3.13 706 6.76 0.71
Middle FloridaKeys
Reference sites 3 1.88 165 1.58 1.82
Hen and Chickens SPA** 2 125 9 0.09 2222
Cheeca Rocks SPA** 2 125 12 0.11 16.67
Lower FloridaKeys
Reference sites 8 5.00 840 8.05 0.95
Western Sambo ER** 2 1.25 38 0.36 5.26
M PR Habitat Total 22 13.75 1,770 17.47 1.24
Offshore patch reef (OPR)
Upper FloridaKeys
Reference sites 9 5.63 719 9.82 0.88
Carysfort/S. Carysfort SPA** 2 125 28 0.27 7.14
Middle Florida Keys
Reference sites 4 250 94 0.90 4.26
Coffins Patch SPA** 4 250 4 0.04 100.00
Lower FloridaKeys
Reference sites 4 250 458 4.39 0.87
Looe Key RO** 2 125 13 0.12 15.38
Western Sambo ER** 2 1.25 61 0.58 3.28
OPR Habitat Total 27 16.88 1,377 13.59 1.96
Shallow (< 6 m) hard-bottom (LHB)
Upper FloridaKeys
Reference sites 2 125 775 7.42 0.26
Molasses Reef SPA** 2 125 5 0.05 40.00
Middle Florida Keys
Reference sites 3 1.88 176 1.69 1.70
Conch Reef SPA** 2 125 5 0.05 40.00
Davis Reef SPA** 2 1.25 2 0.02 100.00
Alligator Reef SPA** 2 125 10 0.10 20.00
Tennessee Reef RO** 2 125 5 0.05 40.00
Lower FloridaKeys
Reference sites 2 1.25 71 0.68 2.82
LHBSHabitat Total 17 10.63 978 9.65 174
Inner line spur and groove (IRT)
Upper FloridaKeys
Reference sites 2 125 78 0.90 4.41
Dry Rocks SPA** 2 125 4 0.07 40.00
Grecian Rocks SPA** 2 1.25 13 0.19 14.29
IRT Habitat Total 6 3.75 95 0.94 6.32
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Habitat type/region/protection Sitessampled % of Effort Sitesavailable Niot (%) N/No (%)
(n) (Ntot)
High-relief spur and groove (HSG)
Upper FloridaKeys
Reference sites 4 2.50 34 0.34 21.88
Carysfort/S. Carysfort SPA** 2 125 39 0.38 5.88
Elbow Reef SPA** 2 125 16 0.16 13.33
French Reef SPA** 2 125 12 0.12 16.67
Molasses Reef SPA** 2 125 14 0.14 11.11
Middle Florida Keys
Reference sites 2 125 3 0.03 100.00
Sombrero Reef SPA** 2 125 7 0.07 28.57
Lower FloridaKeys
Reference 8 5.00 49 0.48 21.43
Looe Key SPA** 2 125 14 0.14 13.33
Eastern Sambo RO** 2 125 7 0.07 33.33
Western Sambo ER** 2 125 16 0.16 14.29
Eastern Dry Rocks SPA** 2 125 9 0.09 50.00
Rock Key SPA** 2 125 4 0.04 33.33
Sand Key SPA** 2 1.25 7 0.07 66.67
HSG Habitat Total 36 22.50 210 2.08 17.14
Deeper (6-15 m) hard-bottom (LHB)
Upper FloridaKeys
Reference sites 3 1.88 662 6.53 0.45
Carysfort/S. Carysfort SPA** 2 125 39 0.38 5.13
Middle Florida Keys
Reference sites 4 250 311 3.07 1.29
Lower FloridaKeys
Reference sites 2 1.25 576 5.68 0.35
LHBD Habitat Total 11 6.88 1,588 15.70 0.69
Patchy (6-15 m) hard-bottom (PHB)
Upper FloridaKeys
Reference sites 2 125 217 214 0.92
Middle Florida Keys
Reference sites 2 125 128 1.26 1.56
Lower FloridaKeys
Reference sites 2 1.25 26 0.26 7.69
LHBD Habitat Total 11 6.88 1,588 12.09 0.69
Low-relief spur and groove (LSG)
Upper FloridaKeys
Reference sites 3 125 709 7.00 0.92
Carysfort/S. Carysfort SPA** 2 1.25 54 0.53 5.13
Middle FloridaKeys
Reference sites 4 250 807 7.96 0.92
Conch Reef SPA** 2 125 14 0.14 5.13
Conch Reef RO** 2 125 6 0.06 5.13
Davis Reef SPA** 2 1.25 9 0.09 5.13
Alligator Reef SPA** 2 125 7 0.07 5.13
Tennessee Reef RO** 2 1.25 10 0.10 5.13
Sombrero Key SPA** 2 125 15 0.15 5.13
Lower FloridaKeys
Reference sites 3 1.88 684 6.75 0.92
Eastern Sambo RO** 2 125 5 0.05 5.13
Western Sambo ER** 2 125 17 0.17 5.13
Sand Key SPA** 2 1.25 16 0.16 5.13
L SG Habitat Total 30 18.75 2,353 23.22 127
Sampling Design Total 160 100.00 10,133 100.00 1.58
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Table 2-2. Chronological list of survey site locations for benthic coral reef organismsin the Florida Keys
National Marine Sanctuary during May-September 2009. Asterisked sites (**) are Sanctuary Preservation

Areas (SPA), Ecological Reserves (ER), or Research Only Areas (RO).

Site#  Date Sitelocation Latitude Longitude Habitat type
(N) W)
46 5/30/2009  Sand Key SPA 24°27.119 81°52.778  High-relief spur and groove
A7 5/30/2009  Sand Key SPA 24°27.123 81°52.666 High-relief spur and groove
S27 5/30/2009  Sand Key SPA 24°27.113 81°52.537  Low-relief spur and groove (6-15 m)
S01 5/31/2009  SE of Ballast Key 24° 30.796 81°57.150 Inshore patch reef
S32 5/31/2009  Western Dry Rocks 24° 26.706 81°55.632  High-relief spur and groove
S14 5/31/2009  North of Sand Key 24° 27.955 81°54.612  Offshore patch reef
u19 6//01/2009 Sand Key SPA 24°27.070  81°52.862 Low-relief spur and groove (6-15 m)
S15 6/01/2009  North of Sand Key 240 27.416 81°53.833  Offshore patch reef
S16 6/01/2009  North of Sand Key 24028314  81°53.614  Offshore patch reef
S44 6/02/2009  Rock Key SPA 24° 27.284 81°51.562 High-relief spur and groove
45 6/02/2009  Rock Key SPA 24°27.278 81°51.457  High-relief spur and groove
S23 6/02/2009  East of Rock Key SPA 24°27.783  81°51.098  Patchy hard-bottom (6-15 m)
A2 6/03/2009  Eastern Dry Rocks SPA 24° 27.548 81°50.732  High-relief spur and groove
43 6/03/2009  Eastern Dry Rocks SPA 24° 27.560 81°50.655 High-relief spur and groove
S21 6/03/2009  East of E. Dry Rocks SPA 24028531 81°49.855  Low-relief hard-bottom (< 6 m)
$40 6/03/2009  Western Sambo ER 24°28.800  81°42.885 High-relief spur and groove
S54 6/04/2009  Western Sambo ER 24° 28.657 81°43.536 Low-relief spur and groove (6-15 m)
S19 6/04/2009  Western Sambo ER 24°29.394  81°43582  Offshore patch reef
S12 6/04/2009  Western Sambo ER 24°29.382 81°43.572  Mid-channel patch reef
S55 6/05/2009  Western Sambo ER 24028720  81°43.138  Low-relief spur and groove (6-15 m)
A1 6/05/2009  Western Sambo ER 24° 28.795 81°42.858 High-relief spur and groove
S13 6/05/2009  Western Sambo ER 24°030.012 81°43.131  Mid-channel patch reef
48 6/06/2009  East of Western Sambo ER 24° 29.065 81°41.636  Low-relief spur and groove (6-15 m)
S20 6/06/2009  Western Sambo ER 24029911 81°41.785  Offshore patch reef
S05 6/06/2009  North of Middle Sambo Reef 24031471 81°40.594  Mid-channel patch reef
49 6/07/2009  Middle Sambo Reef 24°29.228 81°40.509  Low-relief spur and groove (6-15 m)
S52 6/07/2009  Eastern Sambo RO 24°29.419 81°39.885  Low-relief spur and groove (6-15 m)
S38 6/07/2009  Eastern Sambo RO 24°29.509 81°39.789  High-relief spur and groove
S33 6/07/2009  Middle Sambo Reef 24°29.336 81°40.442  High-relief spur and groove
S53 6/08/2009  Eastern Sambo RO 24°29.410 81°39.779  Low-relief spur and groove (6-15 m)
S39 6/08/2009  Eastern Sambo RO 24° 29.561 81°39.657  High-relief spur and groove
S24 6/08/2009  East of Eastern Sambo RO 24°29.930 81°38.878  High-relief spur and groove
S06 6/08/2009  North of Pelican Shoal 24°31.826 81°38.342  Mid-channel patch reef
S22 6/09/200 West of Looe Key SPA 24° 33.216 81°26.431  Lowe-relief hard-bottom (6-15 m)
S11 6/09/2009  North of American Shoal 24°34.823 81°27.895 Mid-channel patch reef
Sh1 6/09/2009  American Shoal 24°31.382 81°30.724  Low-relief spur and groove (6-15 m)
S50 6/10/2009  American Shoal 24°31.376 81°30.656  Low-relief spur and groove (6-15 m)
S35 6/10/2009  American Shoal 24°31.399 81°30.988 High-relief spur and groove
S10 6/10/2009  North of American Shoal 24° 33.166 81°31.200 Mid-channel patch reef
S31 6/11/2009  East of Maryland Shoal 24° 31.028 81°32.962  Patchy hard-bottom (6-15 m)
S34 6/11/2009  Maryland Shoal 24°30.688 81°34.033  High-relief spur and groove
S09 6/11/2009  North of Maryland Shoal 24° 32,725 81°33.831 Mid-channel patch reef
u22 6/12/2009  West of Pelican Shoal 24°30.008 81°38.237  Lowe-relief hard-bottom (6-15 m)
S30 6/12/2009  East of Pelican Shoal 24°30.442 81°36.624  Low-relief hard-bottom (6-15 m)
S08 6/12/2009  West Washerwoman Shoal 24°32.584 81°35.990 Mid-channel patch reef
ui15 6/13/2009  No Name Reef 24°29.752 81°38.889 High-relief spur and groove
u24 6/13/2009  Pelican Shoa 24°30.828 81°37.789  High-relief spur and groove
uo4 6/13/2009  North of Pelican Shoal 24° 31.975 81°37.317 Mid-channel patch reef
S93 6/22/2009  Turtle Rocks 25°16.630 80°13.593  Mid-channel patch reef
T11 6/22/2009  North of Turtle Reef 25°18.149 80°12.821  Inner linereef tract
T49 6/22/2009  SE of Turtle Rocks 25°15911 80°11.094  Low-relief spur and groove (6-15 m)
91 6/23/2009  Basin Hill Shoals 25°14.298 80°15.756  Mid-channel patch reef
S92 6/23/2009  Basin Hill Shoals 25°14.140 80°14.659  Mid-channel patch reef
S99 6/24/2009  Wolf Reef 25°01.311 80°23.774  Offshore patch reef
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Site#  Date Sitelocation Latitude Longitude Habitat type
(N) (W)
u23 7/11/2009  Maryland Shoal 24° 30.668 81°34.129  High-relief spur and groove
07 7/11/2009  West Washerwoman Shoadl 24° 32.579 81°36.553  Mid-channel patch reef
S02 7/11/2009  South of Sugarloaf Creek 24° 35.250 81°34.705  Inshore patch reef
S03 7/12/2009  Newfound Harbor SPA 24° 36.938 81°23.621 Inshore patch reef
S04 7/12/2009  Newfound Harbor SPA 24° 36.985 81°23.480 Inshore patch reef
S17 7/12/2009  Looe Key RO 24°33.923 81°23.646  Offshore patch reef
S18 7/12/2009  Looe Key RO 24°34.103 81°23.070  Offshore patch reef
S36 7/13/2009  Looe Key SPA 24° 32.699 81°24.507  High-relief spur and groove
S37 7/13/2009  Looe Key SPA 24°32.734 81°24.354  High-relief spur and groove
u12 7/13/2009  West of Looe Key RO 24° 33.866 81°23.768  Offshore patch reef
S71 7/13/2009  South of BahiaHonda 24° 35.656 81°13.359  Low-relief hard-bottom (6-15 m)
u40 7/14/2009  Marker 49A 24° 37.493 81°14.087 Mid-channel patch reef
S80 7/14/2009  West of Sombrero Key 24° 36.415 81°10.995 Lowe-relief spur and groove (6-15 m)
S74 7/14/2009  West of Sombrero Key 24° 36.769 81°09.775  Patchy hard-bottom (6-15 m)
S72 7/14/2009  West of Sombrero Key 24° 37.389 81°07.881  Patchy hard-bottom (6-15 m)
S78 7/15/2009  Sombrero Key SPA 24° 37.555 81°06.730 High-relief spur and groove
S79 7/15/2009  Sombrero Key SPA 24° 37.587 81°06.581 High-relief spur and groove
S85 7/15/2009  Sombrero Key SPA 24° 37.534 81°06.449  Low-relief spur and groove (6-15 m)
S86 7/15/2009  Sombrero Key SPA 24° 37.495 81°06.620  Low-relief spur and groove (6-15 m)
S60 7/15/2009  NE of Delta Shoal 24°38.873 81°04.645  Offshore patch reef
S62 7/16/2009  Coffins Patch SPA 24° 40.879 80°58.314  Offshore patch reef
S63 7/16/2009  Coffins Patch SPA 24° 40.948 80°58.391  Offshore patch reef
S69 7/16/2009  Coffins Patch SPA 24°41.156 80°57.792  Offshore patch reef
S70 7/16/2009  Coffins Patch SPA 24°41.175 80°57.726  Offshore patch reef
S81 7/17/2009  SW of Coffins Patch 24°39.797 80°59.278  Low-relief spur and groove (6-15 m)
S64 7/17/2009  South of Coffins Patch 24° 40.469 80°57.579  Offshore patch reef
S61 7/17/2009  West Turtle Shoal 24° 42.096 80°57.862  Offshore patch reef
S58 7/17/2009  Marker 48 24°41590  81°01.212 Mid-channel patch reef
S73 7/18/2009  East of Delta Shoal 24°39.244  81°01.221  Lowe-relief hard-bottom (6-15 m)
S77 7/18/2009  Delta Shoal 24° 37.975 81°05.257  High-relief spur and groove
S76 7/18/2009  Delta Shoal 24° 37.909 81°05.524  High-relief spur and groove
T24 7/25/2009  North of Carysfort Reef 25°14.218 80°12.740  Offshore patch reef
T48 7/25/2009  North of Carysfort Reef 25°14.272 80°12.288  Patchy hard-bottom (6-15 m)
T37 7/25/2009  South Carysfort Reef 25°12.412 80°13.269 High-relief spur and groove
T38 7/25/2009  Carysfort Reef 25°13.333 80°12.617 High-relief spur and groove
T25 7/26/2009  North of Carysfort Reef 25°14.060 80°12.320 Lowe-relief hard-bottom (6-15 m)
T27 7/26/2009  Carysfort Reef 25°13.707 80°12.226  Low-relief hard-bottom (6-15 m)
T26 7/26/2009  Carysfort Reef 25°13.069 80°12.524  Low-relief hard-bottom (6-15 m)
T35 7/26/2009  South of South Carysfort 25°11.940 80°13.539 High-relief spur and groove
T50 7/27/2009  Carysfort Reef 25°12.263 80°13.302  Low-relief spur and groove (6-15 m)
T51 7/27/2009  Carysfort Reef 25°13.541 80°12.435 Low-relief spur and groove (6-15 m)
T19 7/27/2009  Carysfort Reef 25°14.104 80°12.794  Offshore patch reef
T20 7/28/2009  Carysfort Reef 25°12.283 80°13.720  Offshore patch reef
T18 7/28/2009  Watson's Reef 25°10.925  80°15.866 Low-relief hard-bottom (< 6 m)
TO7 7/28/2009  SW of Watson's Reef 25°10.263 80°15.516  Offshore patch reef
T31 7/29/2009  South of Watson's Reef 25°10.694  80°15.218 Offshore patch reef
TO6 7/29/2009  West of Elbow Reef 25°09.251 80°16.131  Offshore patch reef
T10 7/29/2009  North-North Dry Rocks 25°08.195 80°17.385 Inner line reef tract
T13 7/30/2009  Key Largo Dry Rocks 25°07.462 80°17.849  Inner line reef tract
T12 7/30/2009  Key Largo Dry Rocks 25°07.362 80°17.854  Inner line reef tract
T15 7/30/2009  Grecian Rocks 25°06.630 80°18.231  Inner line reef tract
T14 7/30/2009  Grecian Rocks 25°06.551 80°18.364  Inner line reef tract
TO8 7/31/2009  West of Dry Rocks SPA 25°07.697 80°17.983  Offshore patch reef
TO9 7/31/2009  South of Dry Rocks SPA 25°(07.340 80°18.120  Offshore patch reef
S90 7/31/2009  Mosquito Bank 25°03.989 80°22.357 Mid-channel patch reef
u42 8/09/2009  East of Coffins Patch 24° 41.847 80°57.479  Offshore patch reef
S65 8/09/2009  SE of Coffins Patch 24°41.839 80°55.920  Low-relief hard-bottom (< 6 m)
S75 8/09/2009  Marker 20 24°40.732 80°56.746  Low-relief hard-bottom (6-15 m)
S59 8/09/2009  East Turtle Shoal 24° 43.228 80°55.711  Mid-channel patch reef
S82 8/10/2009  Tennessee Reef 24° 45,532 80°45.903 Low-relief spur and groove (6-15 m)
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Site#  Date Sitelocation Latitude Longitude Habitat type

(N) (W)
S83 8/10/2009  Tennessee Reef RO 24° 45,741 80°45.436  Low-relief spur and groove (6-15 m)
S84 8/10/2009  Tennessee Reef RO 24° 45,992 80°45.106  Low-relief spur and groove (6-15 m)
S67 8/10/2009  Tennessee Reef RO 24° 45,992 80°45.252  Low-relief hard-bottom (< 6 m)
S68 8/11/2009  Tennessee Reef RO 24045924  80°45335 Low-relief hard-bottom (< 6 m)
S66 8/11/2009  Tennessee Reef 24° 46.993 80°45.770  Low-relief hard-bottom (< 6 m)
T16 8/11/2009  West of Alligator Reef 24°49.138  80°41.007 Low-relief hard-bottom (< 6 m)
T56 8/11/2009  Alligator Reef 24°50.653 80°37.465  Low-relief spur and groove (6-15 m)
T57 8/12/2009  Alligator Reef 24°50.763 80°37.270  Low-relief spur and groove (6-15 m)
T45 8/12/2009  Alligator Reef 24°50.734 80°37.439  Low-relief hard-bottom (< 6 m)
T46 8/12/2009  Alligator Reef 24°50.826 80°37.307 Low-relief hard-bottom (< 6 m)
S97 8/13/2009  Cheeca Rocks 24°54.282 80°36.933 Mid-channel patch reef
S96 8/13/2009  Cheeca Rocks 24° 54261 80°37.085 Mid-channel patch reef
T54 8/13/2009  Davis Reef 24°55.259 80°30.341  Lowe-relief spur and groove (6-15 m)
T55 8/13/2009  Davis Reef 24°55.343 80°30.270  Low-relief spur and groove (6-15 m)
T36 8/13/2009  Davis Reef 24° 55.356 80°30.341  Low-relief hard-bottom (< 6 m)
V03 8/14/2009  Davis Reef 240 55,352 80°30.348  Low-relief hard-bottom (< 6 m)
T47 8/14/2009  Little Conch Reef 24° 55,939 80°29.534  Low-relief hard-bottom (6-15 m)
S94 8/14/2009  Hen and Chickens Reef 24° 56.026 80°33.087 Mid-channel patch reef
S95 8/14/2009  Hen and Chickens Reef 24°56.143 80°32.924 Mid-channel patch reef
S39 8/15/2009  Mosquito Bank 25°03.741 80°22.637 Mid-channel patch reef
TO3 8/15/2009  White Bank 25°02.490 80°22.832  Offshore patch reef
TO5 8/15/2009  White Bank 25°02.555 80°22.286  Offshore patch reef
T21 8/22/2009  Conch Reef 24°57.135  80°27.572 Low-relief hard-bottom (< 6 m)
T22 8/22/2009  Conch Reef 24°57.385 80°27.442  Low-relief hard-bottom (< 6 m)
T32 8/22/2009  Pickles Reef 24°59.251 80°24.866  High-relief spur and groove
T33 8/22/2009  Sand Island 25°01.096 80°22.067 High-relief spur and groove
T43 8/23/2009  Molasses Reef 25°00.536 80°22.568 High-relief spur and groove
T44 8/23/2009  Molasses Reef 25°00.671 80°22.384  High-relief spur and groove
T28 8/23/2009  Molasses Reef 25°00.654  80°22597  Low-relief hard-bottom (< 6 m)
T29 8/23/2009  Molasses Reef 25°00.768 80°22.388  Low-relief hard-bottom (< 6 m))
T23 8/29/2009  Little Conch Reef 24°56.344 80°28.708  Low-relief spur and groove (6-15 m)
T52 8/29/2009  Conch Reef 24°57.068 80°27.513  Low-relief spur and groove (6-15 m)
T53 8/29/2009  Conch Reef 24°57.338 80°27.389  Low-relief spur and groove (6-15 m)
TO4 8/29/2009  Inshore of Sand Island 25