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Abstract. The 1983-84 Caribbean-wide mortality of the urchin Diadema antillarum Philippi was followed by a 
second mortality event in the Florida Keys in 1991. The demise of this once ubiquitous herbivore is one factor 
contributing to wider Caribbean reef change during the past 25 years. Over an 8-year period from 1999-2007, 
we examined densities and test sizes of D. antillarum at 786 sites from the northern extent of the Florida Reef 
Tract to the Dry Tortugas, including two National Parks and the Florida Keys National Marine Sanctuary. 
Visual surveys along belt transects were used to enumerate individuals and test sizes in a two-stage stratified 
random sampling design that incorporated cross-shelf benthic habitats, geographic regions, and no-fishing 
management zones. While pre-1983 densities were as high as 5 individuals/m2, surveys since 1999 from < 1 m 
to 27 m depth show that current densities are still well below 1 individual/m2. During seven different annual 
sampling periods, the maximum site-level density was only 0.33 individuals/m2, with the highest densities of 
larger (> 5 cm test diameter) individuals reported from only a few locations. The relative contributions of larval 
survivorship, predation, suitable recruitment sites, and reduced fertilization success to Diadema recovery are 
still largely unknown. 
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Introduction 
The 1983-84 Caribbean-wide mass mortality of the 
long-spined sea urchin Diadema antillarum represents 
one of the most spatially expansive and prolonged 
disturbances to reef ecosystems in the region 
(Carpenter 1988; Lessios 1988, 2005). Prior to the 
mass mortality event, D. antillarum attained high 
(>20 per m2) densities in many Caribbean reef areas 
(Lessios 1988), but urchin abundances declined by 
several orders of magnitude and have remained in this 
state over two decades later (Lessios 2005; Weil et al. 
2005; Debrot and Nagelkerken 2006). Together with 
physical impacts from storms, coral disease outbreaks, 
and severe bleaching episodes (Gardner et al. 2003), 
the reduction in urchin densities has had severe 
consequences in terms of coral-algal dominance 
patterns (Carpenter 1988; Lessios 1988). 

In the Florida Keys, the few historical data 
available prior to 1983-84 indicate that Diadema 
antillarum densities were lower (up to 4-5 per m2) 
(Kier and Grant 1965; Bauer 1976, 1980). However, 
still a general trend of increased algal cover was 
apparent after the urchin mortality at several Florida 
Keys reefs (Jaap et al. 1988; Porter and Meier 1992). 
Seven years after the 1983-84 event, a second disease 
event in the Florida Keys, after initially modest 
recovery to 0.30-0.58 individuals/m2, once again 
depressed D. antillarum densities to < 0.01 

individuals/m2 (Forcucci 1994). Large-scale surveys 
of urchin densities across the south Florida during 
1999-2001 confirmed this pattern of poor recovery 
(Chiappone et al. 2001, 2002). 

Since the mass mortality, limited to moderate 
recovery in Diadema antillarum populations has been 
reported in some Caribbean reef areas (Lessios 2005; 
Carpenter and Edmunds 2006; Debrot and 
Nagelkerken 2006), but this has not occurred in the 
Florida Keys (Chiappone et al. 2002; Lazar et al. 
2005). It is anticipated that D. antillarum recovery 
will help to promote coral recruitment and a return to 
pre-mortality baseline reef conditions (Carpenter and 
Edmunds 2006; Macia et al. 2007; Myhre and 
Acevedo-Gutierrez 2007). There is particular interest 
in the spatial and temporal patterns of recovery in the 
Florida Keys, as there are expectations that urchin 
recovery will perhaps help to reverse the trend in 
seaweed expansion and concurrent declines in reef-
building corals. In addition, the slow and incomplete 
recovery of this urchin raises the question of factors 
limiting population recovery (Miller et al. in press). 

Since 1999, we have conducted intermittent, large-
scale surveys of urchin density and size structure in a 
diversity of habitats across the south Florida shelf 
encompassing hundreds of sites. This short 
communication describes the population status of 
Diadema antillarum as of 2007 along ~200 km of the 

706



Florida Reef Tract, but also provides a temporal 
comparison of population densities and size structure 
since 1999 in both the Florida Keys and Dry Tortugas 
regions. These results are a follow-up to previous 
reports on the population status of urchins in the 
Florida Keys (Chiappone et al. 2001, 2002) and are 
part of an ongoing assessment and monitoring 
program to evaluate large-scale ecological patterns in 
community structure and the responses of small reef 
areas to protection from fishing pressure (Miller et al. 
2002). 
 
Material and Methods 
The Florida Keys are an archipelago of limestone 
islands stretching more than 360 km from Key 
Biscayne to the Dry Tortugas. Along the seaward 
edge of the south Florida shelf is the reef tract, a 
semi-continuous series of offshore bank-barrier reefs 
interspersed with sand, rubble, and low-relief hard-
bottom (Shinn et al. 1989). Between the islands of the 
Florida Keys and the reef tract is Hawk Channel, a V-
shaped basin (5-12 m depth) dominated by sand, 
seagrasses, and patch reefs (FDEP 1998). Coral reef 
distribution and community structure in the Florida 
Keys reflect exchange processes between Florida Bay 
and the Atlantic Ocean affected by the size and 
orientation of the Pleistocene islands and the 
proximity of the Florida Current to the platform 
margin (Shinn et al. 1989). 

During 1999-2007, a series of research expeditions 
were carried out to quantify, among other variables, 
urchin density and size distribution patterns across the 
south Florida shelf. A two-stage, stratified random 
sampling approach was used to derive mean density 
estimates for urchins at multiple spatial scales 
throughout the Florida Keys, following similar 
procedures outlined in Cochran (1977) and modified 
for our coral reef benthic surveys (Miller et al. 2002; 
Smith et al. in press). Surveys were carried out in the 
Florida Keys, excluding the Dry Tortugas, in 1999-
2001 and 2005-07, and in the Dry Tortugas during 
2000 and 2006 (Figs. 1-2). The sampling domain was 
partitioned by habitat type using available bathymetry 
and benthic mapping data (FDEP 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. Additional stratification variables included 
regional location and management zones, the results 
of which are reported elsewhere. Map resolution was 
such that the survey domain was divided into a grid 
with individual cells of size 200 m by 200 m (40,000 
m2) that defined unique habitat classes. Table 1 
provides the classification system used during the 
2007 surveys at 235 sites in the Florida Keys. 

 
Figure 1:  Diadema urchin survey sites in the Florida Keys National 
Marine Sanctuary (FKNMS) sampled during 1999-2001. 
 

 
Figure 2: Diadema urchin survey sites in the Florida Keys National 
Marine Sanctuary (FKNMS) sampled during 2005-07. 
 

During each sampling mission, four random 
sampling points were generated in a GIS and were 
located in the field using a differential global 
positional receiver. During 1999-2001, paired 10 m or 
25 m transects, depending on the site area, were 
deployed at each of the four sampling points. A 0.4 m 
scale bar was used to sample along both transect sides 
for the number and test diameter of urchins. During 
2005-07, four 15-m x 1 m belt transects were sampled 
per site. Urchin density calculations were calculated 
for each site and for each stratum, consisting of 
combinations of habitat, regional location, and 
management zone. Data reported herein emphasize 
habitat-related patterns in density from the 2007 
surveys, but also temporal comparisons between 
1999-2001 and 2005-2007. Statistical comparisons of 
mean densities were accomplished by computing 
confidence intervals (CI) based on the equation: CI = 
mean ± t[α, df] *standard error. Standard errors were 
estimated by the two-stage, stratified random 
sampling design (Cochran 1977) and confidence 
intervals were adjusted for multiple comparisons 
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using the Bonferroni procedure. The experiment-wise 
error rate was held at α = 0.05 and the comparison-
wise error rate was adjusted based on the number of 
multiple comparisons as follows: comparison-wise 
error rate = α/c, where c = k (k-1)/2 and k = number 
of categories (e.g. habitat classes). 
 
Table 1: Characteristics of Diadema urchin survey sites in the 
Florida Keys sampled during 2007. Available sites reflect the 
number of 200 m x 200 m cells containing particular habitat types 
based upon FDEP (1998) mapping data 

Habitat Depth 
(m) 

Sites (% 
effort) 

Sites 
available 

Mid-channel patch 
reef (MPR) 

0.9-2.7 36 (15.3) 3,532 

Offshore patch reef 
(OPR) 

2.1-14.6 42 (17.9) 1,170 

Hard-
bottom/rubble/sand 
matrix 

2.7-5.8 4 (1.7) 79 

Shallow hard-bottom 
(LHBS) 

2.7-7.0 25 (10.6) 972 

Inner line spur and 
groove (IRT) 

1.5-6.1 8 (3.4) 87 

High-relief spur and 
groove (HSG) 

0.6-9.4 51 (21.7) 238 

Deeper hard-bottom 
(LHBD) 

6.7-13.7 15 (6.4) 1,962 

Patchy hard-bottom 
(PHBD) 

4.6-11.3 21 (8.9) 956 

Low-relief spur and 
groove (LSG) 

7.6-16.2 33 (14.0) 2,825 

Sampling Design 
Total 

0.6-14.6 235 (100) 11,821 

 
Results 
Results presented herein detail Diadema antillarum 
population density and size structure based upon 2007 
surveys, as well as temporal comparisons 
encompassing 1999 through 2007. Surveys of 235 
sites from the northern Florida Reef Tract to SW of 
Key West during 2007 yielded relatively low 
densities, but slightly larger test sizes compared to 
previous sampling periods. A total of 299 individuals 
were recorded, with individuals distributed among all 
nine habitats sampled. The maximum site-level 
density was 0.267 individuals/m2 from an upper 
Florida Keys offshore patch reef. Relative to previous 
years, an appreciable increase was apparent in the 
number of sites where D. antillarum was found and a 
general trend towards larger test sizes. Densities were 
greatest on offshore patch reef and high-relief spur 
and groove reefs (Fig. 3). However, habitat-level 
densities were so low that, despite the relatively large 
sample size, the only significant difference detected 
was between the offshore patch reef and deeper hard-
bottom habitats (P < 0.0018, Bonferroni-adjusted α). 
Of the 299 D. antillarum recorded, test sizes ranged 
from 0.3-10.0 cm, with a mean ± 1 SE test size of 3.6 
± 0.1 cm. The test size distribution, in contrast to 

previous years, included a relatively large proportion 
(~33%) of individuals > 5 cm TD (Fig. 3). 
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Figure 3: Mean Diadema antillarum densities by habitat (top) and 
test size distribution (bottom) from surveys of 299 individuals at 
235 Florida Keys sites during 2007. Error bars are +1 SE and 
numbers in parentheses on the x-axis (top) are the number of sites 
sampled in each habitat. See Table 1 for habitat abbreviations. 
 

Table 2 summarizes the temporal in Diadema 
antillarum density and size structure during two time 
periods in the Florida Keys and Dry Tortugas. In the 
Florida Keys, a greater proportion of sites yielded no 
D. antillarum in 1999-2001 (75%) compared to 2005-
07 (62%).  However, very few sites in either time 
period (≤ 1%) yielded densities greater than 0.2 
individuals/m2. The range in test size, the maximum 
test size, and the mean test size has increased since 
1999-2001. The largest apparent changes are the 
~42% increase in mean test size and the proportion of 
urchins larger than 5 cm TD in 2005-07 (32%) 
compared to 1999-2001 (9%). 

For the Dry Tortugas region, including both 
shallower (< 15 m) habitats within the National Park 
and deeper (> 15 m) habitats on the Tortugas Bank, 
there are temporal similarities in density distribution, 
but differences in size distribution with the rest of the 
Florida Keys (Table 2). A greater proportion of sites 
yielded no individuals in 2000 (59%) compared to 
2006 (44%), and very few sites in either time period 
(< 5%) yielded densities greater than 0.2 
individuals/m2. In terms of size structure, the most 
notable differences between the two time periods 
were the dramatic (58%) decrease in mean test size, 
as well as 28% change in the proportion of 
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individuals larger than 5 cm TD, a pattern opposite to 
that documented in the rest of the study area. 
 
Table 2: Temporal summary of Diadema antillarum density and 
size structure in the Florida Keys and Dry Tortugas regions during 
1999-2001 and 2005-07. Site-level densities are the number 
(proportion) of sites with a given mean density value 

Study area/metric 1999-2001 2005-07 
Florida Keys   
  No. sites 211 495 
  No. habitats 9 10 
  Depth range (m) 1.2-14.0 0.6-27.0 
  Area sampled (m2) 16,400 29,700 
  Site-level density   
     Absent 158 (74.9) 307 (62.0) 
     0.01-0.05 per m2 50 (23.7) 153 (30.9) 
     0.06-0.10 per m2 1 (0.5) 24 (4.8) 
     0.11-0.15 per m2 0 6 (1.2) 
     0.16-0.20 per m2 2 (0.9) 3 (0.6) 
     0.21-0.25 per m2 0 1 (0.2) 
     0.26-0.30 per m2 0 1 (0.2) 
     0.31-0.35 per m2 0 0 
     0.36-0.40 per m2 0 0 
     0.41-0.45 per m2 0 0 
  Size structure   
     No. individuals 88 474 
     Range in test size (cm) 0.3-6.7 0.3-10.0 
     Mean test size (cm) 2.4 3.4 
     SE test size (cm) 0.2 0.1 
     % of urchins > 5 cm TD 9.1 32.4 
   
Dry Tortugas   
  No. sites 34 46 
  No. habitats 9 11 
  Depth range (m) 4.0-24.1 2.7-26.1 
  Area sampled (m2) 1,360 2,760 
  Site-level density   
     Absent 20 (58.8) 20 (43.5) 
     0.01-0.05 per m2 11 (32.4) 19 (41.3) 
     0.06-0.10 per m2  1 (2.9) 4 (8.7) 
     0.11-0.15 per m2 0 0 
     0.16-0.20 per m2 1 (2.9) 1 (2.2) 
     0.21-0.25 per m2 0 0 
     0.26-0.30 per m2 0 0 
     0.31-0.35 per m2 1 (2.9) 0 
     0.36-0.40 per m2 0 2 (4.3) 
     0.41-0.45 per m2 0 0 
  Size structure   
     No. individuals 34 98 
     Range in test size (cm) 0.9-9.0 0.3-7.8 
     Mean test size (cm) 4.3 1.8 
     SE test size (cm) 0.4 0.2 
     % of urchins > 5 cm TD 44.1 16.3 

 
Discussion 
Large-scale surveys encompassing hundreds of sites 
across the south Florida shelf since 1999 indicate that 
the Diadema antillarum population exists at densities 
well below values reported before the two mortality 
events in 1983-84 and 1991 (Kier and Grant 1965; 
Bauer 1980; Forcucci 1994). For the Florida Keys 

there has been an increase the proportion of sites with 
D. antillarum present, as well an increase in mean test 
size, with a greater proportion of larger individuals in 
the population. Earlier reports and recent observations 
indicate that other urchin species show density and 
habitat distribution patterns similar to pre-1983 
observations, indicating that other species have not 
compensated for the loss of D. antillarum (Chiappone 
et al. 2002). 

In the Dry Tortugas, the past six years have 
witnessed a decline in average size, possibly 
indicative of a recruitment event, perhaps in 2005, or 
poor survivorship to larger sizes, or both. It is 
noteworthy that Dry Tortugas surveys conducted in 
2006 followed a very active tropical cyclone season in 
2005, where several named storms passed directly 
over or in close proximity to the Dry Tortugas. In 
areas with relatively high (> 0.1 individuals/m2) and 
larger (> 5 cm TD) Diadema antillarum, there are 
obvious effects of grazing on the substratum, 
particularly the removal of turf and macroalgae and 
exposure of reef rock (Chiappone et al. 2001). It 
remains unclear at this time whether increasing urchin 
densities and sizes will lead to other changes such as 
increased coral recruitment. 

The very slow and prolonged recovery in the 
Florida Keys, especially compared to several recent 
studies in other Caribbean reef areas, raises several 
questions pertaining to the possible factors inhibiting 
recovery. Lessios (1988) and others have discussed 
the merits of hypotheses concerning population 
recovery, among them poor larval survivorship, lack 
of adult conspecifics and hence protection from 
predators, suitable recruitment sites, and inter-specific 
competition. The sources of urchin larvae to the south 
Florida shelf are not known, but may include both 
local and regional sources (Lee et al. 1994). 
Nonetheless, it is apparent that D. antillarum have 
continually recruited to benthic habitats, even after 
the 1991 mortality event (Chiappone et al. 2002). A 
recent study of D. antillarum larval settlement rates in 
the Florida Keys, however, indicate that low larval 
supply may be one factor limiting recovery (Miller et 
al. in press). The predominance of relatively small test 
sizes from 1999-2007 indicate post-settlement recruits 
have poor survivorship, perhaps due to predation 
pressure or physical disturbance from storms. 
Because D. antillarum was historically significant as 
a grazer it will be important to monitor its change in 
abundance and size structure over time, as well as the 
possible effects on benthic community structure in the 
Florida Keys. 
 
Acknowledgement 
Financial support was provided by the Florida Keys National 
Marine Sanctuary, NOAA’s Coral Reef Conservation Program, 
Emerson Associates International and NURC/UNCW. The authors 

709



thank O. Rutten, B. Keller, R. Curry, New World Expeditions, the 
crew of the M/V Spree, The Nature Conservancy, Quiescence 
Diving Services, A&B Marina, Lost Reef Adventures, Cudjoe 
Gardens Marina, and Hall’s Diving Center. This effort would not 
have been possible without B. Altmeir, S.G. Smith and J.S. Ault. 
Research was conducted under National Marine Sanctuary Permit 
FKNMS-074-98 and National Park Service Permit BISC-2005-
SCI-0039. 
 
References 
Bauer JC (1976) Growth, aggregation, and maturation in the 

echinoid, Diadema antillarum. Bull Mar Sci 26:273-277 
Bauer JC (1980) Observations on geographical variations in 

population density of the echinoid Diadema antillarum within 
the western north Atlantic. Bull Mar Sci 30:509-515 

Carpenter RC (1988) Mass mortality of a Caribbean sea urchin: 
Immediate effects on community metabolism and other 
herbivores. Proc Natl Acad Sci USA 85:511-515 

Carpenter RC, Edmunds PJ (2006) Local and regional scale 
recovery of Diadema promotes recruitment of scleractinian 
corals. Ecol Lett 9:271-280 

Chiappone M, Miller SL, Swanson DW, Ault JS, Smith SG (2001) 
Comparatively high densities of the long-spined sea urchin 
Diadema antillarum in the Dry Tortugas, Florida. Coral Reefs 
20:137-138 

Chiappone M, Swanson DW, Miller SL (2002) Density, spatial 
distribution and size structure of sea urchins in coral reef and 
hard-bottom habitats of the Florida Keys. Mar Ecol Prog Ser 
235:117-126 

Cochran WG (1977) Sampling techniques, 3rd ed. Wiley, NY 
Debrot AO, Naglekerken I (2006) Recovery of the long-spined sea 

urchin Diadema antillarum in Curacao (Netherlands Antilles) 
linked to lagoonal and wave sheltered shallow rocky habitats. 
Bull Mar Sci 79:415-424 

Dustan P, Halas JC (1987) Changes in the reef-coral community of 
Carysfort Reef, Key Largo, Florida: 1974 to 1982. Coral Reefs 
6:91-106 

Edmunds PJ, Carpenter RC (2001) Recovery of Diadema 
antillarum reduces macroalgal cover and increases abundance of 
juvenile corals on a Caribbean reef. Proc Natl Acad Sci USA 
98:5067-5071 

Florida Department of Environmental Protection (FDEP) (1998) 
Benthic habitats of the Florida Keys. FMRI Tech Rep TR-4. 
FDEP, St. Petersburg, 53 p 

Forcucci D (1994) Population density, recruitment and 1991 
mortality event of Diadema antillarum in the Florida Keys. Bull 
Mar Sci 54:917-928 

Gardner TA, Cote IM, Gill JA, Grant A, Watkinson AR (2003) 
Long-term region-wide declines in Caribbean corals. Science 
301:948-960 

Jaap WC, Halas JC, Muller RG (1988) Community dynamics of 
stony corals (Scleractinia and Milleporina) at Key Largo 

National Marine Sanctuary, Key Largo, Florida during 1981-
1986. Proc 6th Int Coral Reef Symp 2 237-243 

Kier PM, Grant RE (1965) Echinoid distribution and habits, Key 
Largo Coral Reef Preserve, Florida. Smithsonian Misc Coll 
149:1-68 

Lazar KE, Vaughan D, Grober-Dunsmore R, Bonito V (2005) 
Relatively low densities of Diadema antillarum on the Florida 
reef tract do not indicate population recovery. Proc Gulf Caribb 
Fish Inst 56:837-838 

Lee TN, Clarke ME, Williams E, Szmant AF, Berger T (1994) 
Evolution of the Tortugas Gyre and its influence on recruitment 
in the Florida Keys. Bull Mar Sci 54: 621-646 

Lessios HA (1988) Mass mortality of Diadema antillarum in the 
Caribbean: What have we learned? Annu Rev Ecol Syst 19:371-
393 

Lessios HA (2005) Diadema antillarum populations in Panama 
twenty years following mass mortality. Coral Reefs 24:125-127 

Macia S, Robinson MP, Nalevanko A (2007) Experimental 
dispersal of recovering Diadema antillarum increases grazing 
intensity and reduces macroalgal abundance on a coral reef. Mar 
Ecol Prog Ser 348:173-182 

Marszalek DS, Babashoff G, Noel MR, Worley DR (1977) Reef 
distribution in south Florida. Proc 3rd Int Coral Reef Symp 
2:223-229 

Miller MW, Kramer KL, Williams S, Johnston L, Szmant AM (In 
press) Assessment of current rates of Diadema antillarum larval 
settlement. Coral Reefs 

Miller SL, Chiappone M, Rutten LM (2007) 2007 Quick look 
report: Large-scale assessment of Acropora corals, coral species 
richness, urchins and Coralliophila snails in the Florida Keys 
National Marine Sanctuary and Biscayne National Park. CMS, 
UNCW-Wilmington, Key Largo, Florida, 147 p 

Miller SL, Swanson DW, Chiappone M (2002) Multiple spatial 
scale assessment of coral reef and hard-bottom community 
structure in the Florida Keys National Marine Sanctuary. Proc 9th 
Int Coral Reef Symp 1:69-77 

Myhre S, Acevedo-Gutierrez A (2007) Recovery of sea urchin 
Diadema antillarum populations is correlated to increased coral 
and reduced macroalgal cover. Mar Ecol Prog Ser 329:205-210 

Porter JW, Meier OW (1992) Quantification of loss and change in 
Floridian reef coral populations. Am Zool 32:625-640 

Shinn EA, Lidz BH, Kindinger JL, Hudson JH, Halley RB (1989) 
Reefs of Florida and the Dry Tortugas. U.S. Geological Survey, 
St. Petersburg, 53 p 

Smith SG, Swanson DW, Chiappone M, Miller SL, Ault JS (In 
press) Efficient sampling of coral reefs in the Florida Keys. 
Limnol Oceanogr 

Weil E, Torres JL, Ashton M (2005) Population characteristics of 
the sea urchin Diadema antillarum in La Parguera, Puerto Rico, 
17 years after the mass mortality event. Rev Biol Trop 53:219-
231 

 
 

710


