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ABSTRACT
The distribution of Siderastrea radians (pallas) Blainville and photophysiology of 

its symbiont in Florida Bay, USA, were examined during annual macrophyte surveys 
in spring 2006 and 2007. Siderastrea radians was present in five of the 11 sampled 
basins in areas with little sediment and low abundance of the seagrass Thalassia 
testudinum Banks ex König. The five basins are located along a northeast-to-south-
west transect that also represents a salinity gradient from inshore, predominantly 
estuarine conditions adjacent to the Everglades, to offshore near-marine salinities 
adjacent to the gulf of Mexico. Colony abundance was highest in the basins at the 
extremes of this physical range, presumably due to higher potential for larval re-
cruitment from external reef source populations. Effective quantum yields, mea-
sured in situ by pAM fluorometry, were significantly correlated between S. radians 
and the dominant seagrass t. testudinum among all five basins where the two spe-
cies co-occurred, albeit with a 40% reduction in mean yields of S. radians. These 
findings indicate S. radians may function as an alternative eco-indicator species for 
regions in Florida Bay where t. testudinum is absent.

Florida Bay is a shallow lagoonal system located at the land-sea interface between 
the southern tip of mainland Florida and the Florida Keys. The bay is part of the 
larger south Florida hydroscape that extends from north of Lake Okeechobee in 
central Florida to the ridges of the Florida reef tract. historically, Florida Bay acted 
as the receiving body for freshwater from Lake Okeechobee that moved southward 
through the Everglades and mixed with the marine waters flowing in through Florida 
Keys channels and the open western boundary of the gulf of Mexico, creating a rich, 
productive transition zone (Schomer and Drew, 1982). Soft carbonate sediments in 
the bay support large seagrass beds dominated by Thalassia testudinum Banks ex 
König (Zieman et al., 1989; Durako et al., 2002). Its dense canopy comprises approxi-
mately 92% of the habitat structure in Florida Bay, sustaining a fish and invertebrate 
community critical to ecosystem function as well as the local economy (Chester and 
Thayer, 1990; herrnkind et al., 1994; Butler et al., 1995; Matheson et al., 1999). The 
annual economic return of the t. testudinum habitat in Florida Bay to both fisheries 
and tourism has been estimated in the millions of dollars for the south Florida region 
(Robblee and DiDomenico, 1991; Nance, 1994; English et al., 1996). 

Over the last century, human development and water management projects have 
perturbed the natural watershed for Florida Bay via construction of canals, levees, 
and intensified land use. Diversion of fresh waters towards the Atlantic and gulf of 
Mexico, intensified farming and development, and exponential population growth in 
the latter half of the 20th century exacerbated problems by all but eliminating fresh-
water inputs to the bay and leaving only 50% of the original Everglades system intact 
(Light and Dineen, 1994). Residual drainage from developed lands continue to enter 
the bay at low levels in pulses from the canal and levee system, frequently with con-
centrated nutrient and contaminant loads (Lapointe and Clark, 1992; Brand, 2002). 
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Irregular and patchily distributed rainfall events now contribute up to 90% of the 
freshwater supply to Florida Bay (Nuttle et al., 2000). higher average salinities and 
poor water quality were correlated with a large die-off of t. testudinum in western 
basins beginning in the late 1980s (Robblee et al., 1991). Re-suspension of sediments 
that increased turbidity and released trapped nutrients were linked to these losses, 
as were recurrent algal blooms and anoxic conditions that persisted in the bay dur-
ing the early 1990s (Fourqurean and Robblee, 1999). Concern over the long-term 
health of Florida Bay and the adjacent Everglades led to the Comprehensive Ever-
glades Restoration plan (CERp). The primary goal of CERp is to restore south Flor-
ida’s watershed and ecosystems via habitat and water quality modifications aimed 
at the re-establishment of natural drainage (www.evergladesplan.org). This requires 
assessment of the distribution, abundance, and condition of important ecosystem 
components. We present herein some preliminary baseline information to assist in 
satisfying these requirements. 

As part of CERp monitoring efforts, the Fish habitat Assessment program (FhAp), 
instituted in 1995 following the original seagrass die-off, was expanded from 10 to 
22 basins in 2005 (now termed FhAp-SF). FhAp-SF performs annual surveys to 
monitor trends in macrophyte abundance, distribution, and photobiology along 
south Florida’s (SF) coastal waters, including Florida Bay, as historical drainage path-
ways are restored (Durako et al., 2002). The dominant macrophyte in this region, t. 
testudinum, is perceived as the best indicator of the health of the bay and its distribu-
tion, morphology and photobiology has been extensively studied since FhAp moni-
toring began in 1995 (Durako et al., 2002; Durako and Kunzelman, 2002; hackney 
and Durako, 2004; Landry, 2005; Belshe et al., 2007, 2008).

Although most of Florida Bay has soft carbonate sediments, exposed pleistocene 
calcium carbonate deposits constitute large areas of hardbottom in the central por-
tions of many basins (Merriam et al., 1989). In these areas the lack of sediment limits 
rhizome development in t. testudinum. Thus, t. testudinum surveys provide limited 
information on community dynamics in these areas and other species that rely on 
such hardbottom regions may be valuable for understanding wider system function. 
One taxonomic group largely overlooked in the bay is hard corals. Anecdotal obser-
vations during annual FhAp surveys indicated the occurrence of Siderastrea radi-
ans (pallas) Blainville within five of 10 surveyed basins (Durako, pers. obs.). however, 
no records or publications exist, to the best of our knowledge, describing the abun-
dance or spatial distribution of this coral population in Florida Bay. A small number 
of peer-reviewed papers report on corals, including S. radians, in this area; however, 
these studies focused on paleoclimatic records and photophysiological experiments 
of temperature-induced stress near the Florida Keys channel systems (Swart et al., 
1996; Warner et al., 1996; Thornhill et al., 2006). The significance of the S. radians 
population in Florida Bay is twofold: (1) Their presence in hardbottom areas of basins 
may allow S. radians to act as a valuable alternate eco-indicator in Florida Bay in 
areas where t. testudinum is typically absent or sparse; and (2) the photophysiology 
of t. testudinum can be compared to that of the coral endosymbiont, Symbiodinium 
spp., within S. radians as an additional physiological indicator of ecosystem health. 

Since 2000, pulse amplitude modulated (pAM) fluorometry has been used to assess 
the photobiology of t. testudinum in a non-invasive manner during annual FhAp 
surveys (Durako and Kunzelman, 2002; Belshe et al., 2007, 2008). pAM fluorometry 
is a measure of chlorophyll fluorescence at pSII to indirectly assess the efficiency with 

http://www.evergladesplan.org
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which light energy is converted into chemical energy (Schreiber et al., 1986). pSII 
is considered to be the most sensitive part of the photosynthetic pathway to stress 
(Becker et al., 1990). This tool may provide early indications that changing environ-
mental conditions—as may occur with restoration efforts in Florida Bay—are benefi-
cial or detrimental to coral ecosystem health (Warner et al., 1996; hoegh-guldberg 
and Jones, 1999; Jones et al., 2000; Jones and hoegh-guldberg, 2001; Warner et al., 
2002; hill et al., 2004, 2005; Ralph et al., 2007).

To be used as an eco-indicator, baseline information is needed on population 
structure including spatial and seasonal dynamics as well as physiological response 
to shifts in environmental conditions (Carignan and Villard, 2002; Biber et al., 2004). 
This study describes the distribution, abundance, and chlorophyll fluorescence char-
acteristics of S. radians and t. testudinum in Florida Bay during 2006 and 2007 FhAp 
surveys. The specific objectives of this study are: (1) to provide baseline distributional 
data on S. radians populations in Florida Bay and (2) to determine whether the pho-
tobiology of this coral population might provide relevant information on ecosystem 
health in Florida Bay to supplement t. testudinum data.

Methods

Study Site.—Florida Bay (ca. 25°05΄N, 81°45΄W) is located at the southern tip of main-
land Florida, bordered by the Florida Keys to the south and east, and by the gulf of Mexico 
to the west (Fig. 1). The bay is divided into a suite of shallow (ca. < 2 m) basins (see Fig. 1 for 
basin name abbreviations used throughout this text) by a reticulated network of carbonate 
mud banks and mangrove islands (Schomer and Drew, 1982; Smith, 2002). Water quality fol-
lows an environmental gradient as runoff and flow constraints in the northeast create highly 
fluctuating and extreme salinity conditions (mean salinity from 1987 to 2007 for Duck Key 
Basin [DUC] = 30.8 ± 8.9, Southeast Environmental Research Center (SERC), 2002), progress-
ing to more stable marine conditions in the south-central portions of the bay (mean salinity 
from 1987 to 2007 for Twin Key Basin [TWN] = 36.2 ± 4.3, SERC, 2002) as mixing with gulf 
and Atlantic waters increases. Water quality among adjacent basins can also be strikingly 
different due to the isolation of waters by mudbanks and mangroves; low tidal flux; and the 
large role wind can play in directional water movement (Boyer et al., 1997). Sediments are 
carbonate-based and in the west are deep and nutrient-rich while eastern regions tend to have 
shallower sediments and more hardbottom (Zieman et al., 1989; prager and halley, 1997).

FhAp-SF monitors 11 of approximately 50 basins in Florida Bay which represent the full 
range in physical-environmental conditions in the bay. Siderastrea radians has been observed 
within five of the basins (Fig. 1) and consequently are the only basins discussed in the context 
of this study. These basins are located along a northeast-southwest transect that follows the 
environmental gradients described above (Fig. 1). Each sampled basin was subdivided into 
28–30 tessellated hexagonal grids and one station randomly assigned within each polygon, to 
produce 28–30 stations sampled per basin. This design resulted in systematic random sam-
pling which scales the sampling effort to basin size (Durako et al., 2002). Because sampled 
basins range in size from 5.8 to 62.4 km2 (Durako et al., 2002), stations within each basin 
were sampled systematically over the course of a day (~0800–1700 h) to minimize station-to-
station travel time. Stations were located using gpS. 

During May 2006 and 2007, eight replicate 0.25-m2 quadrats were haphazardly placed 
to score the presence and abundance of t. testudinum and S. radians at each station. A 
modified Braun-Blanquet abundance/density scale was used to assess frequency and den-
sity within quadrats: 0.1–solitary, with small cover; 0.5–few, with small cover; 1–numerous, 
but < 5% cover; 2–any number, with 5%–25% cover; 3–any number, with 25%–50% cover; 
4–any number, with 50%–75% cover; 5–any number with > 75% cover (Braun-Blanquet, 
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1972; Durako et al., 2002). Frequency and density of each species were calculated using the 
following formulas:
Frequency = # stations where observed ⁄ total # of stations;
Density = sum of Braun Blanquet scores ⁄ # of quads.

Transect surveys of S. radians were conducted in October 2006 at sites where colonies were 
recorded the previous May. Briefly, line transects were used in place of the Braun-Blanquet 
method to quantify local densities. This approach is similar to the quadrat method that was 
found to be the most accurate method available when determining species cover in coral 
mapping surveys (Jokiel et al., 2005; Leujak and Ormond, 2007). A 50 m transect was estab-
lished in an east-to-west orientation. Colonies were counted when present within 0.5 m of 
each transect, equating to 25 m2 of area covered per station. Data were compared with Braun-
Blanquet scores collected in spring surveys. 

Spatial Assessment.—Distribution and density maps of both t. testudinum and S. radi-
ans were created in ArcgIS ArcMap v.9.2 according to Landry (2005). Individual sampling 
events for both species were transformed into shapefiles. For t. testudinum, grid surfaces 
were interpolated from Braun-Blanquet point values using the Inverse Distance Weighted 
function in the Spatial Analyst extension. This technique is better suited than krigging for 
dealing with patchy environments. It also is not smooth, meaning it does not ignore true 
values and does not interpolate beyond maximum or minimum values observed. The Spatial 
Analyst extension applied a power of two to determine how much weight to assign distant 
data points. It automatically uses a 12-point variable search radius to interpolate areas with-
out data and was assigned an output cell size of 25 to increase boundary smoothness between 
areas. Basin outlines were applied as an analysis mask to keep interpolated surfaces within 
basin boundaries, and surfaces were classified according to Braun-Blanquet values and shade 
coded to represent the potential range from zero to 100% cover. The distribution of S. radians 

Figure 1. Florida Bay, FL USA and basins surveyed in the current study. BLK = Blackwater 
Sound, DUC = Duck Key Basin, EAG = Eagle Key Basin, CAL = Calusa Key Basin, TWN = 
Twin Key Basin.
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was overlayed on t. testudinum interpolated surfaces and classified by Braun-Blanquet values 
using graduated size-coded symbols.

photobiology.—Chlorophyll fluorescence was recorded in situ using a diving-pAM fluo-
rometer (Walz, germany). prior to the application of saturating pulse, minimum fluorescence 
for the ambient light state (F) was measured. This steady-state fluorescence, F, represents the 
number of reaction centers open in the sample. The sample was then subjected to a pulse of 
saturating light during which a second fluorescence reading was taken (Fm΄). Fm΄ is the state in 
which all reaction centers present are considered reduced or closed. Effective quantum yield 
of pSII (ΔF ⁄Fm΄), a measure of photosynthetic capacity of light-acclimated tissues, was then 
calculated (ΔF ⁄Fm΄ = Fm΄− F ⁄Fm΄).

Apparently healthy S. radians colonies and t. testudinum short-shoots separated by > 2 m 
were haphazardly chosen by the diver at each station where they occurred. The instrument’s 
fiber optic end was set at a standard geometry (30o from perpendicular) and distance (5–10 
mm) to the dorsal surface of sampled corals and to the middle of the second youngest blade of 
seagrass short-shoots (n = 5 and n = 6 per station, respectively) using a clear acrylic distance 
clip. gain and measuring intensity were minimally adjusted to maintain an F of approximately 
150–200 throughout the day. Bottom photosynthetic active radiation (pAR) was recorded us-
ing a 4π quantum sensor held just above the substrate.

Results

Distribution. —Thalassia testudinum was observed at 97% of stations sampled 
while S. radians was observed at 10 and 15% of the stations in the 2006 and 2007 
surveys, respectively. Thalassia testudinum did not appear to have any major shifts 
in cover between the two years except for small decreases in mean cover in BLK and 
TWN (Fig. 2, Table 1). Coral colonies were present only where t. testudinum was < 
25% of benthic cover and mostly when t. testudinum cover was < 5% (Fig. 2). When 
present, S. radians never covered > 5% of the substratum; densities and cover were 
greatest in the northeast basins of BLK and DUC and southwest in TWN; lowest fre-
quency of occurrence and % cover occurred in EAg and CAL basins (Table 1). There 
was no major apparent change in cover between years, however, cover as determined 
by the Braun-Blanquet method, was low overall in part due to the small size of in-
dividual spherical-to-hemispherical colonies, which ranged in maximum diameter 
from 2.0 cm to 10.0 cm with an average of 4.5 cm. Thus, even though colony fre-
quency may be high in a given sampling area, observed percent benthic cover within 
a quadrat was usually quite low due to small colony size. Line transects used to re-
assess station densities of S. radians in October 2006 indicated cover in each basin to 
be comparable to values measured via the Braun-Blanquet method (Table 1). 

Frequency of S. radians was also greater in BLK, DUC, and TWN compared to 
CAL and EAg. DUC had the highest frequency of occurrence at stations surveyed 
in both years at 27% and 20%, respectively, followed by TWN at 13% and 16% (Table 
1). Colonies were rarely observed or absent among stations in both EAg and CAL 
at 3% and 0% for the consecutive years. It is important to note that poor visibility 
during 2007 surveys due to rough windy conditions caused sediment re-suspension 
in addition to persistent algal blooms in some areas. This may have hampered visual 
assessments and thus lowered overall population estimates for this year. Cover and 
frequency of S. radians among basins tended to be higher where sediment depths 
were shallow, while t. testudinum cover tended to be greater in deeper sediments 
(Table 1). There was no apparent trend in maximum colony diameter of S. radians 
colonies among basins (Table 1).
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Figure 2. Distribution and cover of Thalassia testudinum and Siderastrea radians in Florida Bay 
among basins where they mutually occurred during (A) 2006 and (B) 2007 surveys. See Figure 
1 for basin names.
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photobiology.—Effective quantum yields (ΔF ⁄Fm΄) for both S. radians and t. 
testudinum exhibited significant among-basin variability. In 2006, these results were 
largely driven by the variability in ambient light among basins over the sampling 
period. ΔF ⁄Fm΄ in both species decreased with increasing bottom pAR (Fig. 3). These 
trends are not surprising as dynamic photoinhibition (or downregulation) is a typical 
photosynthetic response to high light, whereas increasing fluorescence yields indi-
cate higher photochemical efficiencies at pSII under reduced light (hoegh-guldberg 
and Jones, 1999; Belshe et al., 2007, 2008). ΔF ⁄Fm΄ values for S. radians were typical 
for corals (Jones et al., 2000; Warner et al., 2002), being approximately 40% of those 
for t. testudinum (Fig. 3), but regression analyses indicated they were linearly related 
(p < 0.05, r2 = 0.72) at stations where both species co-occurred (Fig. 4).

In 2007, S. radians was not observed in CAL and EAg during photophysiological 
assessments of t. testudinum. Comparisons of mean ΔF ⁄Fm΄ were thus limited to 

Table 1. Benthic surveys of Thalassia testudinum (TT) and Siderastrea radians (SIDR) in 2006 and 2007 
using Braun-Blanquet (BB) method. October 2006 transect surveys examined percent cover, and the mean 
of maximum diameter (Max Diam) for colonies of S. radians within one station from each basin. SED 
represents mean sediment depth for stations where S. radians was present. Because colonies were not 
detected in CAL and EAG during 2007, sediment data were not available (indicated by —). Values are 
presented as mean (± SD). FHAP: Fish Habitat Assessment Program.

TT–BB
Spring FHAP

SIDR–BB SIDR % FREQ  October transects

BASIN 06 07 06 07 06 07 SED (cm) % cover
SIDR Max 
Diam (cm)

BLK 1.34 (1.25) 1.13 (1.23) 0.02 (0.07) 0.02 (0.06) 14 14 1.75 (2.06) 0.64 4.78
DUC 1.37 (0.71) 1.49 (0.64) 0.09 (0.23) 0.01 (0.03) 27 20 3.00 (1.89) 0.30 3.50
EAG 1.46 (0.86) 1.55 (0.68) 0.02 (0.09) 0.0 3 0 — 0.02 4.35
CAL 1.43 (0.79) 1.55 (0.88) 0.02 (0.09) 0.0 3 0 — 0.18 7.75
TWN 2.16 (1.6) 1.84 (1.10) 0.02 (0.05) 0.02 (0.04) 13 16 8.75 (4.34) 0.31 4.42

Figure 3. Mean effective quantum yields (ΔF ⁄F
m
΄) for Siderastrea radians and Thalassia testudi-

num vs mean daily bottom PAR measured among the five basins where S. radians and T. testudi-
num co-occurred in 2006. Error bars represent ± SD
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only BLK, DUC, and TWN. Siderastrea radians in BLK and TWN exhibited similar 
patterns to those in 2006 in which mean ΔF ⁄Fm΄ values were 40%–50% of those mea-
sured in t. testudinum (Fig. 5). however, in DUC, the two species exhibited similar 
mean ΔF ⁄Fm΄ values. Thalassia testudinum in DUC maintained ΔF ⁄Fm΄ values reflect-
ing the same trends in effective quantum yield under varying pAR as seen in 2006. 
Thus, the change in pattern in 2007 was a result of higher mean ΔF ⁄Fm΄ vs bottom 
pAR measured in S. radians than in the previous year.

Discussion

Distribution and abundance of macrophytes in Florida Bay have been extensively 
characterized since the large die-off of t. testudinum began in 1987 (Robblee et al., 
1991; hall et al., 1999; Durako et al., 2002; Fourqurean et al., 2002; Landry, 2005). 
These large datasets have provided management with a valuable means to assess re-
cent macrophyte dynamics and predict how future water-management alterations 
under CERp may affect the macrophyte community system-wide. however, other 
benthic taxa have not been well documented within the bay. This work provides the 
first distributional assessment and physiological characterization of the dominant 
scleractinian coral occurring in Florida Bay, S. radians.

The presence of S. radians was minor compared to t. testudinum cover and fre-
quency in the five basins where they co-occurred. however, there was an increase 
in coral frequency in basins at the most northeastern (BLK and DUC) and south-
western (TWN) extremes of the spatial-physical gradient. Connections between 
these basins and the Florida Keys reef tract may create a higher potential for larval 
recruitment from external reef source populations. Once established, local popu-
lations may proliferate creating higher densities in these regions compared to the 
more isolated and interior basins of CAL and EAg. Siderastrea radians is a brood-
ing species and releases planulae on a lunar cycle rather than only once per year 

Figure 4. Regression of Thalassia testudinum and Siderastrea radians mean effective quantum 
yields (ΔF ⁄F

m
΄) measured during May 2006 surveys. Error bars represent ± SD
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like most broadcast spawning corals (Szmant-Froelich, 1984; Richmond and hunter, 
1990). This strategy increases potential settlement and recruitment of this species as 
a trade off for smaller colony size (Szmant, 1986). In addition, brooded planulae settle 
out relatively quickly (Babcock, 1991), resulting in aggregates of colonies within a 
limited spatial range. Brooding corals are known to successfully recruit in habitats 
that are frequently disturbed due to their well-developed planulae, regular larval re-
lease throughout the year, and relatively rapid settlement (Bak and Luckhurst, 1980; 
Babcock, 1991). Local densities thus increase with lower likelihood of widespread 
distribution. This reproductive strategy is likely advantageous for corals in Florida 
Bay where high environmental variability and limited hardbottom may greatly im-
pact population distributions.

Long-term survivorship of S. radians in the bay may also be affected by changes 
in sediment depth and re-suspension that may co-occur with altered flow regimes. 
Lirman et al. (2003) observed that experimental sediment burial of S. radians in 
Biscayne Bay severely impacted growth and mortality. Sedimentation and turbidity 
both play roles in restricting coral distribution through their effects on the photo-
synthetic activity of zooxanthellae. Short-term sedimentation significantly reduces 
effective quantum yields, whereas longer-term or high levels of sedimentation may 
kill exposed colonies (philipp and Fabricius, 2003). Turbidity increases effective 
quantum yields through reductions in irradiance, but results in reduced relative elec-
tron transport rates, which may cause stress or mortality in affected corals (piniak 
and Storlazzi, 2008). Thus, it may be necessary in the future to assess changes in 
sediment depths in regions where coral colonies exist as flow regimes are altered. A 
lack of differing size-frequency distributions among basins suggests colony age was 
not affecting among-basin responses to previous salinity fluxes and that local basin 
salinity conditions have not influenced age survivorship. Future monitoring surveys 

Figure 5. Mean effective quantum yields (ΔF/F
m
’) for Siderastrea radians and Thalassia testudi-

num vs mean daily bottom PAR measured among the five basins where species co-occurred in 
2007. Error bars represent ± SD
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of S. radians and more comprehensive assessments of hardbottom regions, outside 
of those surveyed during FhAp, will better establish the distribution and abundance 
of this species within Florida Bay. 

Thalassia testudinum and the symbiont of S. radians exhibited significantly cor-
related ΔF ⁄Fm΄ in 2006, but to a lesser extent in 2007. Coral colonies in DUC in 2007 
exhibited higher than expected ΔF ⁄Fm΄ based on previous trends which may have 
been due to previous days’ inclement weather. prolonged windy conditions may have 
led to turbid waters along with drifting algal blooms from adjacent basins leading 
to a decrease in the ambient light field. Under such prolonged conditions, resident 
symbiotic algae may exhibit a more shade-adapted response. Both species responded 
similarly with a decrease in quantum efficiencies under increasing ambient light, a 
ubiquitous response in photosynthetic organisms as they downregulate as a means 
to avoid high excitation pressure and consequential damage to the photosynthetic 
apparatus (hoegh-guldberg and Jones, 1999; Major and Dunton, 2002). The signifi-
cantly lower ΔF ⁄Fm΄ values in S. radians compared to t. testudinum indicate different 
overall photochemical efficiencies between these species in the field. however, pho-
tochemical efficiency of pSII does not describe the full capacity of the photosynthetic 
pathway nor the up-regulation of photoprotective mechanisms (Logan et al., 2007). 
The disparity in mean quantum yields between the two species may also be affected 
by gross morphological differences in tissue structure, chloroplast packaging, and 
effects of multiple scattering (Enríquez, 2005; Enríquez et al., 2005). Under ambient 
light conditions, the approach by which one species enhances efficiency (i.e., chang-
ing the number of light harvesting complexes or overall tissue morphology) may dra-
matically differ from the other, thus exhibiting overall differences in quantum yields. 
however, the parallel responses to changes in light availability indicate it would be 
valuable to continue measuring S. radians as a complement to t. testudinum sur-
veys, especially at sites with marginal water quality or suspected stressors. 

Siderastrea radians represents a sessile invertebrate population that has not been 
previously sampled in FhAp monitoring due to the focus on macrophytic habitat 
structure (Durako et al., 2002). however, our preliminary fluorescence data suggest 
that this species can act as an alternative indicator of possible light stress using the 
same photophysiological assessment tools that have been applied to seagrasses and 
would account for a very different community of taxa, benthic invertebrates. holo-
biont physiology is rather distinct from a seagrass outside of the similarities of their 
photosynthetic capabilities. As such, coral responses and related thresholds may 
be very different from t. testudinum for many variables including salinity, nutrient 
loading, and light. As the watershed of Florida Bay changes, S. radians may reveal 
impacts on the bay’s organisms that would not be readily apparent by sampling only 
seagrasses and macroalgae. Furthermore, higher coral abundance in hardbottom re-
gions provides managers with a potential alternative physiological ecoindicator mea-
sure when t. testudinum is absent (Zieman et al., 1989).

Acknowledgments

This research was funded by a grant from the Florida Fish and Wildlife Conservation Com-
mission (grant No. 56980). Additional data were provided by the SERC-FIU Water Quality 
Monitoring Network which is supported by SFWMD/SERC Cooperative Agreement #C-15397 
as well as EpA Agreement #X994621-94-0. All corals were collected under the Everglades Na-



ChARTRAND AND DURAKO: SideraStrea AND thalaSSia IN FLORIDA BAy 163

tional park research permit No. EVER-2006-SCI-0033. The authors would also like to thank 
F. Belshe and B. Landry from UNCW and M. Merello, D. Berns, J. Kunzelman, and M. hall 
from the Florida Fish and Wildlife Commission for field and logistical support. B. Landry is 
thanked for her technical assistance with ArcgIS.

Literature Cited

Babcock, R. C. 1991. Comparative demography of three species of scleractinian corals using 
age- and size-dependent classifications. Ecol. Monogr. 61: 225–244.

Bak, R. p. M. and E. Luckhurst. 1980. Constancy and change in coral reef habitats along depth 
gradients at Curacao. Oecologia 47: 145–155.

Becker, g., J. Norman, and M. Moholl-Siebett. 1990. Two sites of heat-induced damage to pho-
tosystem II. Cur. Res. photosyn. 4: 705–708. 

Belshe E. F., M. J. Durako, and J. E. Blum. 2007. photosynthetic rapid light curves (RLC) of 
Thalassia testudinum exhibit diurnal variation. J. Exp. Mar. Biol. Ecol. 342: 253–268.

__________, ___________, and ________. 2008. Diurnal light curves and landscape-scale varia-
tion in photosynthetic characteristics of Thalassia testudinum in Florida Bay. Aquat. Bot. 
89: 16–22.

Biber, p. A., M. A. harwell, and W. p. Cropper. 2004. Modeling the dynamics of three functional 
groups of macroalgae in tropical seagrass habitats. Ecol. Model. 175: 25–54.

Boyer, J. N., J. W. Fourqurean, and R. D. Jones. 1997. Spatial characterization of water quality 
in Florida Bay and Whitewater Bay by multivariate analyses: zones of similar influence. 
Estuaries 20: 743–758.

Brand, L. E. 2002. The transport of terrestrial nutrients to south Florida coastal waters. pages 
353–406 in J. W. porter and K. g. porter, eds. The Everglades, Florida Bay, and coral reefs of 
the Florida Keys: an ecosystem sourcebook. CRC press, Boca Raton.

Braun-Blanquet, J. 1972. plant sociology: the study of plant communities. hafner publishing, 
New york. 439 p.

Butler, M. J., J. h. hunt, W. F. herrnkind, M. J. Childress, R. Bertelsen, W. Sharp, T. Matthews, J. 
M. Field, and h. g. Marshall. 1995. Cascading disturbances in Florida Bay, USA: Cyanobac-
terial blooms, sponge mortality, and implications for the juvenile spiny lobster Panulirus 
argus. Mar. Ecol. prog. Ser. 129: 119–125.

Carignan, V. and M. A. Villard. 2002. Selecting indicator species to monitor ecological integ-
rity: a review. Environ. Monit. Assess. 78: 45–61.

Comprehensive Everglades Restoration plan. July 20, 2008. Available from: http://www.ever-
gladesplan.org

Chester, A. J. and g. W. Thayer. 1990. Distribution of spotted seatrout (Cynoscion nebulosus) 
and gray snapper (lutjanus griseus) juveniles in seagrass habitats in western Florida Bay. 
Bull. Mar. Sci. 46: 345–357.

Durako, M. J. and J. I. Kunzelman. 2002. photosynthetic characteristics of Thalassia testudi-
num measured in situ by pulse-amplitude modulated (pAM) fluorometry: methodological 
and scale-based considerations. Aquat. Bot. 73: 173–185.

__________, M. O. hall, and M. Merello. 2002. patterns of change in the seagrass dominated 
Florida Bay hydroscape. pages 479–496 in J. W. porter and K. g. porter, eds. The Ever-
glades, Florida Bay, and coral reefs of the Florida Keys: an ecosystem sourcebook. CRC 
press, Boca Raton.

English, D. B., W. Kriesel, V. R. Leeworthy, and p. C. Wiley. 1996. Economic contribution of rec-
reating visitors to the Florida Keys/Key West. Linking the economy and the environment of 
Florida Keys/Florida Bay. Internal report. National Oceanographic and Atmospheric Ad-
ministration, Silver Spring, MD. 22 p. Available from: http://marineeconomics.noaa.gov/
SocmonFK/publications/96-26.pdf.

Enríquez, S. 2005. Light absorption efficiency and the package effect in the leaves of the sea-
grass Thalassia testudinum. Mar. Ecol. prog. Ser. 289: 141–150.

http://www.ingentaconnect.com/content/external-references?article=0304-3770(2002)73L.173[aid=8677805]
http://www.ingentaconnect.com/content/external-references?article=0304-3770(2002)73L.173[aid=8677805]
http://www.ingentaconnect.com/content/external-references?article=0304-3770(2002)73L.173[aid=8677805]
http://www.ingentaconnect.com/content/external-references?article=0007-4977(1990)46L.345[aid=8213746]
http://www.ingentaconnect.com/content/external-references?article=0007-4977(1990)46L.345[aid=8213746]
http://www.ingentaconnect.com/content/external-references?article=0007-4977(1990)46L.345[aid=8213746]
http://www.ingentaconnect.com/content/external-references?article=0160-8347(1997)20L.743[aid=7485789]
http://www.ingentaconnect.com/content/external-references?article=0160-8347(1997)20L.743[aid=7485789]
http://www.ingentaconnect.com/content/external-references?article=0160-8347(1997)20L.743[aid=7485789]
http://www.ingentaconnect.com/content/external-references?article=0029-8549(1980)47L.145[aid=6277555]
http://www.ingentaconnect.com/content/external-references?article=0029-8549(1980)47L.145[aid=6277555]
http://www.ingentaconnect.com/content/external-references?article=0012-9615(1991)61L.225[aid=7512410]
http://www.ingentaconnect.com/content/external-references?article=0012-9615(1991)61L.225[aid=7512410]
http://www.ever-
http://marineeconomics.noaa.gov/SocmonFK/publications/96-26.pdf
http://marineeconomics.noaa.gov/SocmonFK/publications/96-26.pdf


BULLETIN OF MARINE SCIENCE, VOL. 84, NO. 2, 2009164

__________, E. R. Méndez, and R. Iglesias-prieto. 2005. Multiple scattering on coral skeletons 
enhances light absorption by symbiotic algae. Limnol. Oceanogr. 50: 1025–1032.

Fourqurean, J. W. and M. Robblee. 1999. Florida Bay: a history of recent ecological changes. 
Estuaries 22: 345–357.

______________, M. J. Durako, M. O. hall, and L. N. hefty. 2002. Seagrass distribution in south 
Florida: a multi-agency coordinated monitoring program. pages 497–522 in J. W. porter 
and K. g. porter, eds. The Everglades, Florida Bay, and coral reefs of the Florida Keys: An 
ecosystem sourcebook. CRC press, Boca Raton. 

hackney, J. W. and M. J. Durako. 2004. Size–frequency patterns in morphometric character-
istics of the seagrass Thalassia testudinum reflect environmental variability. Ecol. Indic. 4: 
55–71.

hall, M. O., M. J. Durako, J. W. Fourqurean, and J. C. Zieman. 1999. Decadal changes in sea-
grass distribution and abundance in Florida Bay. Estuaries 22: 445–459.

herrnkind, W. F., p. Jernakoff, and M. J. Butler. 1994. Status of the fishery for Panulirus argus 
in Florida. pages 213–229 in B. philips, S. Cobb, and J. Kittaka, eds. Spiny Lobster Manage-
ment. Blackwell press, Oxford

hill, R., C. Frankart, and p. J. Ralph. 2005. Impact of bleaching conditions on the components 
of non-photochemical quenching in the zooxanthellae of a coral. J. Exp. Mar. Biol. Ecol. 22: 
83–92.

_______, U. Schreiber, R. gademann, A. W. D. Larkum, M. Kuhl, and p. J. Ralph. 2004. Spatial 
heterogeneity of photosynthesis and the effect of temperature induced bleaching condi-
tions in three species of corals. Mar. Biol. 144: 633–640.

hoegh-guldberg, O. and R. J. Jones. 1999. photoinhibition and photoprotection in symbiotic 
dinoflagellates from reef-building corals. Mar. Ecol. prog. Ser. 183: 73–86.

Jokiel, p. L., K. S. Rodgers, E. K. Brown, J. C. Kenyon, g. Aeby, W. R. Smith, and F. Farrell. 
2005. Comparison of methods used to estimate coral cover in the hawaiian Islands. Report 
to NOAA/NOS NWhI Coral Reef Ecosystem Reserve, honolulu, hawai‘i. 22 p. Available 
from: http://www.nove.edu/ocean/cpce/cramp_methods_comparison.pdf.

Jones, R. J. and O. hoegh-guldberg. 2001. Diurnal changes in the photochemical efficiency of 
the symbiotic dinoflagellates (Dinophyceae) of corals: photoprotection, photoinactivation, 
and the relationship to coral bleaching. plant Cell. Environ. 24: 89–99.

_________, S. Ward, A. y. Amr, and O. hoegh-guldberg. 2000. Changes in quantum efficiency 
of photosystem II of symbiotic dinoflagellates of corals alter heat stress, and of bleached 
corals sampled after the 1998 great Barrier Reef mass bleaching event. Mar. Freshw. Res. 
51: 63–71.

Landry, J. B. 2005. Changes in the distribution and density of Florida Bay Macrophytes: 
1995–2004. Thesis submitted to University of North Carolina Wilmington, Wilmington, 
NC. 291 p.

Lapointe, B. E. and M. W. Clark. 1992. Nutrient inputs from the watershed and coastal eutro-
phication in the Florida Keys. Estuaries 15: 465–476.

Leujak, W. and R. F. g. Ormond. 2007. Comparative accuracy and efficiency of six coral com-
munity survey methods. J. Exp. Mar. Biol. Ecol. 351: 168–187.

Light, S. and W. Dineen. 1994. Water control in the Everglades: a historical perspective, in 
Everglades the ecosystem and its restoration. pages 47–84 in S. M. Ogden and J. C. Ogden, 
eds. St Lucie press, Delray Beach.

Lirman, D., B. Orlando, S. Macia, D. Manzello, L. Kaufman, p. Biber, and T. Jones. 2003. Coral 
communities of Biscayne Bay, Florida and adjacent offshore areas: diversity, abundance, 
distribution, and environmental correlates. Aquat. Conserv.: Mar. Freshwat. Ecosyst. 13: 
121–135.

Logan, B. A., W. W. Adams, and B. Demmig-Adams. 2007. Avoiding common pitfalls of chloro-
phyll fluorescence analysis under field conditions. Funct. plant Biol. 34: 853–859.

http://www.ingentaconnect.com/content/external-references?article=0160-8347(1992)15L.465[aid=6302241]
http://www.ingentaconnect.com/content/external-references?article=0160-8347(1992)15L.465[aid=6302241]
http://www.ingentaconnect.com/content/external-references?article=0140-7791(2001)24L.89[aid=8677812]
http://www.ingentaconnect.com/content/external-references?article=0140-7791(2001)24L.89[aid=8677812]
http://www.ingentaconnect.com/content/external-references?article=0140-7791(2001)24L.89[aid=8677812]
http://www.ingentaconnect.com/content/external-references?article=0025-3162(2004)144L.633[aid=8677813]
http://www.ingentaconnect.com/content/external-references?article=0025-3162(2004)144L.633[aid=8677813]
http://www.ingentaconnect.com/content/external-references?article=0025-3162(2004)144L.633[aid=8677813]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2005)22L.83[aid=8677814]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2005)22L.83[aid=8677814]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2005)22L.83[aid=8677814]
http://www.ingentaconnect.com/content/external-references?article=0160-8347(1999)22L.345[aid=7485834]
http://www.ingentaconnect.com/content/external-references?article=0160-8347(1999)22L.345[aid=7485834]
http://www.nove.edu/ocean/cpce/cramp_methods_comparison.pdf


ChARTRAND AND DURAKO: SideraStrea AND thalaSSia IN FLORIDA BAy 165

Major, K. M. and K. h. Dunton. 2002. Variations in light-harvesting characteristics of the sea-
grass, Thalassia testudinum: evidence for photoacclimation. J. Exp. Mar. Biol. Ecol. 275: 
173–189.

Matheson, R. E., D. K. Camp, S. M. Sogard, and K. A. Bjorgo. 1999. Changes in seagrass as-
sociated fish and crustacean communities on Florida Bay Mud Banks: the effects of recent 
ecosystem changes? Estuaries 22: 534–551.

Merriam, D. F., J. M. Fuhr, R. V. Jenkins, and p. J. Zimmerman. 1989. pleistocene bedrock geol-
ogy of Florida Bay, the Keys and the Everglades. Bull. Mar. Sci. 44: 519–520.

Nance, J. M. 1994. A biological review of the Tortugas pink shrimp fishery through December 
1993. galveston Laboratory, Southeast Fisheries Science Center, National Marine Fisheries 
Service, galveston, TX. 2 p.

Nuttle, W. K., J. W. Fourqurean, B. J. Cosby, J. C. Zieman, and M. B. Robblee. 2000. The influ-
ence of net freshwater supply on salinity in Florida Bay. Water Resour. Res. 36: 1805–1822.

philipp, E. and K. Fabricius. 2003. photophysiological stress in scleractinian corals in response 
to short-term sedimentation. J. Exp. Mar. Biol. Ecol. 287: 57–78.

piniak, g. A. and C. D. Storlazzi. 2008. Diurnal variability in turbidity and coral fluorescence on 
a fringing reef flat: Southern Molokai, hawaii. Estuar. Coast. Shelf Sci. 77: 56–64.

prager, E. and R. B. halley. 1997. Florida Bay bottom types. South Florida information access, 
U.S. geological Survey, St. petersburg, FL. Accessed 20 July, 2008. Available from: http://
sofia.usgs.gov/publications/ofr/97-526/index.html.

Ralph, p. J., R. A. Smith, C. M. O. Macinnis-Ng, and C. R. Seery. 2007. Use of fluorescence 
based ecotoxicological bioassays in monitoring toxicants and pollution in aquatic systems: 
Rev. Toxicol. Environ. Chem. 89: 589–607.

Richmond, R. h. and C. L. hunter. 1990. Reproduction and recruitment of corals: compari-
sons among the Caribbean, the Tropical pacific, and the Red Sea. Mar. Ecol. prog. Ser. 60: 
185–203.

Robblee, M. B. and W. J. Didomenico. 1991. Seagrass die-off threatens ecology of Florida Bay. 
park Science 11: 21–22.

____________, T. R. Barber, p. R. Carlson, M. J. Durako, J. W. Fourqurean, L. K. Muehlstein, D. 
porter, L. A. yarbro, R. T. Zieman, and J. C. Zieman. 1991. Mass mortality of the tropical 
seagrass Thalassia testudinum in Florida Bay. Mar. Ecol. prog. Ser. 71: 297–299.

Schomer, N. S. and R. D. Drew. 1982. An ecological characterization of the lower Everglades, 
Florida Bay, and the Florida Keys: U.S. Fish and Wildlife Service, Office of Biological Ser-
vices, FWS/OBS-82/58. 246 p.

Schreiber, U., U. Schliwa, and W. Bilger. 1986. Continuous recording of photochemical and 
non-photochemical chlorophyll fluorescence quenching with a new type of modulation 
fluorometer. photos. Res. 10: 51–62.

Smith, N. p. 2002. Florida Bay circulation studies. Rec. Res. Dev. geophy. 4: 93–104.
Southeast Environmental Research Center (SERC). 2002. An integrated surface water quality 

monitoring program for the south Florida coastal waters. Florida International University, 
Miami, FL. Accessed 20 July, 2008. Available from: http://serc.fiu.edu/wqmnetwork

Swart, p. K., g. healy, R. Dodge, p. Kramer, h. hudson, R. halley, and M. Robblee. 1996. The 
stable oxygen and carbon isotopic record from a coral growing in Florida Bay: A 160 year 
record of climatic and anthropogenic influence. palaeogeo. palaeoclim. palaeoec. 123: 
219–238.

Szmant-Froelich, A. 1984. Reef coral reproduction: diversity and community patterns. pages 
122–123 in Advances in reef science. Joint Meeting Intl. Soc. for Reef Studies and Atlantic 
Reef Committee. University of Miami, Miami, FL. [Abstracts].

Szmant, A. M. 1986. Reproductive ecology of Caribbean reef corals. Coral Reefs 5: 43–53.
Thornhill, D. J., W. K. Fitt, and g. W. Schmidt. 2006. highly stable symbioses among western 

Atlantic brooding corals. Coral Reefs 25: 515–519.

http://www.ingentaconnect.com/content/external-references?article=0722-4028(2006)25L.515[aid=8677817]
http://www.ingentaconnect.com/content/external-references?article=0722-4028(2006)25L.515[aid=8677817]
http://www.ingentaconnect.com/content/external-references?article=0722-4028(1986)5L.43[aid=6258131]
http://www.ingentaconnect.com/content/external-references?article=0166-8595(1986)10L.51[aid=8677819]
http://www.ingentaconnect.com/content/external-references?article=0166-8595(1986)10L.51[aid=8677819]
http://www.ingentaconnect.com/content/external-references?article=0166-8595(1986)10L.51[aid=8677819]
http://www.ingentaconnect.com/content/external-references?article=0171-8630(1991)71L.297[aid=6302238]
http://www.ingentaconnect.com/content/external-references?article=0171-8630(1991)71L.297[aid=6302238]
http://www.ingentaconnect.com/content/external-references?article=0277-2248(2007)89L.589[aid=8677820]
http://www.ingentaconnect.com/content/external-references?article=0277-2248(2007)89L.589[aid=8677820]
http://www.ingentaconnect.com/content/external-references?article=0277-2248(2007)89L.589[aid=8677820]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2003)287L.57[aid=8677822]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2003)287L.57[aid=8677822]
http://www.ingentaconnect.com/content/external-references?article=0043-1397(2000)36L.1805[aid=7485839]
http://www.ingentaconnect.com/content/external-references?article=0043-1397(2000)36L.1805[aid=7485839]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2002)275L.173[aid=8677824]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2002)275L.173[aid=8677824]
http://www.ingentaconnect.com/content/external-references?article=0022-0981(2002)275L.173[aid=8677824]
http://serc.fiu.edu/wqmnetwork


BULLETIN OF MARINE SCIENCE, VOL. 84, NO. 2, 2009166

Warner, M. E., W. K. Fitt, and g. W. Schmidt. 1996. Th e eff ects of elevated temperature on the 
photosynthetic effi  ciency of zooxanthellae in hospite from four diff erent species of reef 
coral: a novel approach. plant, Cell Environ. 19: 291–299.

____________, g. C. Chilcoat, F. K. McFarland, and W. K. Fitt. 2002. Seasonal fl uctuations in 
the photosynthetic capacity of photosystem II in symbiotic dinofl agellates in the Caribbean 
reef-building coral Montastrea. Mar. Biol. 141: 31–38.

Zieman, J. C., J. W. Fourqurean, and R. L. Iverson. 1989. Distribution, abundance and produc-
tivity of seagrasses and macroalgae in Florida Bay. Bull. Mar. Sci. 44: 292–311.

Date Submitted: 21 July, 2008.
Date Accepted: 19 December, 2008.
AVailable Online: 15 January, 2009.

Address: (K.M.C., M.J.D.) department of Biology and Marine Biology and Center for Marine 
Science, Th e university of north Carolina at Wilmington, 5600 Marvin Moss ln., Wilmington, 
north Carolina 28409. Corresponding Author: (M.J.D.) e-mail: <durakom@uncw.edu>.

http://www.ingentaconnect.com/content/external-references?article=0007-4977(1989)44L.292[aid=6302312]
http://www.ingentaconnect.com/content/external-references?article=0007-4977(1989)44L.292[aid=6302312]
http://www.ingentaconnect.com/content/external-references?article=0025-3162(2002)141L.31[aid=8677825]
http://www.ingentaconnect.com/content/external-references?article=0025-3162(2002)141L.31[aid=8677825]
http://www.ingentaconnect.com/content/external-references?article=0025-3162(2002)141L.31[aid=8677825]

