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COMMUNITY STRUCTURE IN TIMES PAST: INFLUENCE
OF HUMAN FISHING PRESSURE ON
ALGAL-URCHIN INTERACTIONS!

DoN R. LEVITAN?
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Abstract. The sea urchin Diadema antillarum increases the relative size of Aristotle’s
lantern (length of demipyramid) when food limited. This provides a tool for investigating
algal abundance and biotic interactions in the past. A ficld collection of D. antillarum
provided a baseline relationship between demipyramid length and body size (test diameter).
Experimental manipulations of food availability and population density resulted in shifis
in relative demipyramid length. The bascline and experimental data provide a range of
responses that was compared to muscum specimens collected over the past 100 yr from
30 locations in the Caribbean. The relative demipyramid lengths from the muscum spec-
imens were also compared over time, and with human population density, human fishing
pressure, and geographic region. The results indicate that relative demipyramid sizc is
indirectly influenced by human activity and varics with geographic region. This suggests
that human fishing pressure has influenced Caribbean coral reef community structure by
affecting predator-herbivore relationships. However, this human impact may be small

relative to naturally occurring variation in demipyramid size.
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INTRODUCTION

Determining community structure in a pristine ¢n-
vironment is becoming increasingly difficult as humans
continue to disrupt natural communities. This distur-
bance can distort our understanding of the complex
ccological relationships and evolutionary forces be-
tween species and the environment. A current contro-
versy 1s the human role in influencing community
structure by the removal of predators (Aronson 1990,
Witman and Sebens, in press). For example, it has been
suggested that our removal of lobsters from the north-
cast coast of North America (Mann and Breen 1972)
and sca otters from the northwest coast of North Amer-
ica (Estes and Palmisano 1974) has led to increased
sca urchin abundance and the creation of “*urchin bar-
rens.” large tracts of bottom devoid of kelp and other
fleshy algae. However, the validity of the lobster hy-
pothesis (Miller 1985, Elner and Vadas 1990) and the
generality of the sca otter hypothesis (Foster, in press)
have been challenged and are still controversial.

This study addresses the historical importance of sca
urchins in the Caribbean. Rescarch from the 1970s and
1980s on the Caribbean sea urchin Diadema antilla-
rusm Philippi suggests that this herbivore has a major
controlling influence on coral reef community struc-
turc. D. antillarum influences coral recruitment and
survivorship, algal abundance, species diversity, and

' Manuscript received 6 September 1991; revised and ac-
cepted 2 December 1991.

* Present address: Department of Zoology. University of
California. Davis. California 95616 USA.

bioerosion of reef habitats (Ogden et al. 1973, Sam-
marco ct al. 1974, Bak and van Eyes 1975, Sammarco
1980, Scoflin et al. 1980, Carpenter 1981, 1986). Lev-
itan (1989) demonstrated experimentally that in arcas
of high D. antillarum density, algal abundance dimin-
ished and urchin growth became food limited. Further
cvidence of D. antillarum food limitation is the pattern
of an inverse relationship between body size and pop-
ulation density noted in several locations in the Ca-
ribbean (St. Croix: Carpenter 1981; Barbados: Hunte
et al. 1986: St. John: Levitan 19884). Thus, when an
unknown pathogen destroyed 99% of the D. antillarium
in the Caribbecan (Lessios ¢t al. 1984, Lessios 1988),
algal abundance incrcased dramatically on many reefs
(de Ruyter van Steveninck and Bak 1986, Liddell and
Ohlhorst 1986, Hughes et al. 1987, Levitan 19885,
Carpenter 19904a).

However, Hay (1984) suggested that many well-
studied parts of the Caribbean were near areas of high
human abundance, and D. antillarum’s apparent in-
fluence may have been an artifact of over-fishing by
humans. His evidence came from assessing fish and
sea urchin grazing on strips of seagrass placed on reefs
designated as “over-fished” or **less-fished.” Similarly,
Aronson (1990) argued that geographically expanding
fishing pressure resulted in increased urchin density
and altered nearshore community structure, in the Ca-
ribbean, Aleutian Islands, and New England.

The simplest explanation for these suggestions is that
removal of D. antillarum predators such as triggerfish
(Hay 1984) resulted in increased urchin numbers and
grazing pressure. The emerging paradigm of Caribbcan
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coral reef community structure is that D. antillarum is
the dominant herbivore in arcas subject to heavy hu-
man fishing pressure, but herbivorous fish dominate
in more pristine conditions when urchin populations
are kept in check by fish predators. Although a large
number of papers address this hypothesis (e.g.. Car-
penter 1986, 1990a, b, Lewis 1986, Levitan 19885,
Morrison 1988, Aronson 1990). it is still controver-
sial: there has been ro direct test to determine if the
variance in herbivore pressure is due to human impact
or other regional differences.

Addressing hypotheses concerning past events re-
quires more than spatial surveys or cxperiments, since
these techniques only provide information on current
conditions in the former case and a range of possibil-
ities in the latter. The ideal cvidence comes from the
time period in question. A combination of historic,
geographic, and experimental approaches provides both
the sequence of events and the basis of change in com-
munity structure.

Food limitation or high population density in sea
urchins results in an increase in the size of Aristotle’s
lantern (specifically the length of demipyramids) rel-
ative to the size of the body (test diameter, Fig. 1) (Ebert
1980. Black et al. 1982, Edwards and Ebert 1991, Lev-
itan 1991). For D. antillarum, this is accomplished by
a reduction in the growth rate of the test, and when
morce scverely food limited, a reduction in the size of
the test (Levitan 1991). Since this involves changes in
skeletal elements, museum and fossil records can be
investigated for past food limitation events. Relative
demipyramid length, rather than simply body size, pro-
vides the best index of food limitation, since body size
can be influenced by age. and collectors of museum
specimens may be biased in the sizes they collect.

In this study, I first present the allometric relation-
ship between test diameter and demipyramid length in
D. antillarum, and 1 demonstrate that food limitation,
caused by changes in food availability or population
density. results in shifts in relative demipyramid length
by summarizing previous work (Levitan 1991). Scc-
ond. I use muscum specimens to investigate patterns
of food limitation over the past 100 yr in the Carib-
bean. Third. [ compare museum specimens to patterns
of human abundance and human fishing pressure. Fi-
nally. I examine regional patterns of relative demipyr-
amid length.

The hypothesis to be tested is that increases in hu-
man abundance and fishing pressurc led to increases
in the relative size of sea urchin demipyramids. The
logic behind this prediction is as follows. Human fish-
ing pressure removed predators of Diadema antilla-
rum. Free from predation pressure, sea urchin popu-
lation density increased. Increased urchin abundance
led to a decrease in algal food availability and resulted
in sea urchin food limitation. Food-limited urchins
increased the relative size of the demipyramid.

Although fishing pressure would also remove her-
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FiG. 1. lllustration of the sea urchin Diadema antillarum
(A) indicating measure of test diameter (B), and Aristotle’s
lantern (C). The lantern contains five pyramids. Each pyramid
guides a tooth; the pyramids themselves do not scrape and
wear. Each pyramid can be divided into two demipyramids.
Insert is enlarged to show demipyramid (D) and measure of
length (E).

bivorous fish there are two points to consider. First,
the presence of herbivorous fish does not influence the
localized and more intense grazing of D. antillarum
(Hay and Taylor 1985, Carpenter 1986). Second, cven
if fish did influence D. antillarum grazing, it would lead
to the opposite prediction; increased fishing pressure
would release D. antillarum from food competition
resulting in reduced relative demipyramid size.

The results of this study provide insight into tem-
poral and spatial variation in food availability and the
relative importance of human activity on coral reef
community structure.

METHODS
Relationship between demipyramid and test

The allometric relationship between demipyramid
length and test diameter was established by collecting
Diadema antillarum from St. John, U.S. Virgin Islands
(regression of In demipyramid length as a function of
In test diameter (both variables measured in milli-
metres) : In demipyramid = 1.101 In test — 1.547, R?
=0.92, P < .0001, N =92, from Levitan 1991). These
sea urchins were in a food-abundant environment and
growing rapidly (Levitan 19884, 1991). To adjust for
allometric growth, all experimental and museum demi-
pyramid/test ratios are standardized as deviations from
predicted ratios estimated from test diameter and the
regression of these field-collected sea urchins.

Experimental food manipulations

In a previous study (Levitan 1989, 1991), demipyr-
amid lengths and test diameters were measured in a
laboratory and ficld experiment. Here the ratios arc
calculated from those measurements, and in this study
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are allometrically adjusted as described above. In the
laboratory. D. antillarurn were provided 1 of 4 levels
of food (4. 2, 1. or 0 g wet mass of the green alga Ulva
lactuca every 4 d). After 6 mo. the adjusted demipyr-
amid/test ratios were 0.002, 0.022, 0.023, and 0.030
for the four treatments, respectively. These ratios in-
crease with the degree of starvation.

In the field. sea urchins from two size classes (27.5
and 37.5 mm test diameter) were placed in cages (0.25
m- area) at low and high density (12 and 24 individ-
uals/m-). This provided average initial sea urchin wet
biomasses per cage of 38.08 g (27.5 mm test diameter
at 12 individuals/m?), 76.16 g (27.5 mm at 24 indi-
viduals/m?), 96.27 g (37.5 at 12 individuals/m?), and
192.53 g (37.5 mm at 24 individuals/m?). After 8 mo,
the adjusted demipyramid/test ratios were 0.029, 0.032,
0.046. and 0.049 for the four trcatments, respectively.
The ratios increased with population density and sea
urchin biomass per unit area. Both experiments were
conducted at St. John, U.S. Virgin Islands. These re-
sults demonstrate that decreased food availability or
increased sca urchin abundance resulted in enlarged
relative demipyramid size. These experiments provide
a range of values that can be compared to the data
collected from muscum specimens.

Museum specimens

Specimens of Diadema antillarum in the National
Muscum of Natural History, Smithsonian Institution,
collected between 1881 and 1986, were measured to
obtain historical data. Museum specimens are main-
tained as “lots™ representing a sample taken at one
location and time. For cach lot, the sca urchin’s test
diameter (mean of three measurements per test) and
demipyramid length (mean of four demipyramids per
sca urchin) were measured and the date and location
of the collection were noted. Usually one sea urchin
per lot was randomly selected and analyzed. However,
when lot size was large (>10), two or more were an-
alyzed. No more sca urchins were analyzed since these
collections are a unique and nonrencwable resource.
Variation in demipyramid/test ratios between lots was
investigated with an analysis of variance (only using
lots with >1 sea urchin). The results indicate highly
significant differences between lots (df = 20/37, mean
squarcs between lots/mean squares within lots =
0.0048/0.0005. P < .0001, N = 21 lots). This indicates
that the sampled populations of sca urchins differed in
respect 1o demipyramid/test ratio and suggests that
food availability varied among populations. The use
of only onc sea urchin per site/time would tend to
obscure any patterns and would underestimate any ef-
fects noted.

Human abundance

Museum specimens were compared 1o patterns of
human abundance. Human population density was cal-
culated from the island area (or nation/state sizc if on
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the mainland) and the human population size at the
time the muscum specimen was collected. Generally,
human population size was estimated from national
census data. However, when more specific information
was available, it was used (c.g., population size and
arca of Monroe County, Florida, USA, for sites in the
Florida Keys). Human abundance is not a direct mca-
sure of fishing pressure, but should be roughly corre-
lated. Variance in this relationship would tend to ob-
scure patterns and would underestimate any cffects
noted.

Human fishing pressure

Museum specimens were also compared between sites
characterized as cither “over-fished” or “less-fished™
by Hay (1984). Islands or countries that were classified
by Hay (1984) and had muscum specimens collected
since 1950 were analyzed for differences in demipyr-
amid/test ratios. The sites categorized as less-fished
were Panama and the Bahamas and those categorized
as over-fished were St. Thomas, Jamaica, and Haiti.
Hay (1984) only investigated one or a few reefs at each
island (or island group). Ignoring within-island varia-
tion in fishing pressure would tend to obscure patterns
and underestimate any effects noted.

Geographic region

The museum data were divided into six regions based
on island sizc and proximity to continental land mass-
es. The geographic regions were (1) Florida (including
the Keys and Dry Tortugas), (2) Central and South
American mainland, (3) Bahamas (including the Turks
and Caicos), (4) Greater Antilles, (5) Lesser Antilles,
and (6) islands in the mid-Atlantic (the Ascension Is-
lands, Ilha de Trinidade, and Madeira Island). It should
be noted that sca urchins from the Ascension Islands
have been classified as the subspecies Diadema antil-
larum ascensionis.

RESULTS
Time

The demipyramid length, test diameter, allometri-
cally adjusted ratio, human population density, and
sample size arc presented in Table 1. There was a sig-
nificant positive relationship between the adjusted ra-
tios and time (R = 0.114, P < .002, Fig. 2). Relative
demipyramid size increased over this 100-yr period.
This corresponded to a fivefold increase in human
abundance (Table 1).

Human abundance

There was also a significant positive relationship be-
tween adjusted ratios and human abundance (R* =
0.061, P < .03, Fig. 3). Increased human abundance
was related to increased relative demipyramid size.
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TABLE |. Properties of Diadema antillarum museum specimens from 30 different collections, and human population density
at the site at time of collection.

Mean
demi-
Mean test pyramid Human No.
Year of diameter length density urchins
Collection site collection (mm) (mm) Adj. ratio* (no./km>)t analyzed

Dry Tortugas. Florida 1881 84.9 26.2 —0.025 3.8 l
Madeira, Portugal | 1881 54.6 19.0 0.029 130.0 1
Indian Key. Florida 1884 73.8 22.7 -0.021 3.8 2
Dry Tortugas. Florida 1884 66.2 18.3 -0.049 3.8 1
Jamaica 1884 24.2 7.3 0.007 52.8 l
St. Thomas 1884 51.1 14.8 -0.027 158.5 2
St. Thomas 1884 84.2 23.2 —0.058 158.5 1
St. Thomas 1884 21.6 6.6 0.014 158.5 l
St. Thomas 1884 49.6 14.7 -0.020 158.5 1
Isla Providencia, Colombia 1884 73.2 21.9 -0.029 2.8 l
Isla Providencia, Colombia 1884 85.8 25.9 —0.032 2.8 1
Isla Providencia, Colombia 1884 71.1 20.2 -0.041 2.8 2
Indian Key, Florida 1885 41.0 11.0 -0.041 3.8 1
Indian Key, Florida 1885 96.8 25.1 -0.079 3.8 1
Yucatan, Mexico 1885 87.3 22.6 —-0.076 5.1 1
Big Pine Key, Florida 1886 37.6 10.5 —0.028 38 1
Nassau, Bahamas 1886 44.4 13.8 —-0.010 4.2 2
Arroyo. Puerto Rico 1899 65.4 18.7 -0.039 106.8 1
Mayaguez. Puerto Rico 1899 74.9 20.4 —-0.057 106.8 1
Puerto Rico 1899 27.3 8.1 -0.004 106.8 3
Hawk Channel, Florida 1903 30.5 8.5 —0.021 3.8 1
Loggerhecad Key, Florida 1908 78.5 22.5 -0.044 3.8 2
Dimas. Cuba 1914 44.0 17.2 0.079 22.6 1
St. Thomas 1915 44.1 15.6 0.041 122.0 10
Sand Key. Florida 1916 48.2 12.2 —0.062 7.6 2
Antigua 1918 26.2 9.2 0.054 227 1
Dry Tortugas. Florida 1924 91.4 26.2 —0.049 7.6 1
Dry Tortugas, Florida 1932 28.0 7.0 -0.047 7.6 1
Port Antonio, Jamaica 1936 31.8 9.1 —-0.017 101.0 1
Puerto Rico 1937 60.5 17.2 -0.037 200.1 1
Cuba 1937 22.4 7.2 0.030 39.3 2
Lantana. Florida 1950 22.1 6.0 —-0.020 11.3 l
Bimini, Bahamas 1950 60.3 18.4 —-0.016 35.7 1
Vera Cruz, Mexico 1954 222 5.8 -0.029 15.1 1
Cartagena., Colombia 1958 441 17.0 0.073 12.7 1
Boca Raton, Florida 1960 48.2 12.6 —0.053 18.9 1
Dominican Republic 1963 26.1 8.7 0.039 69.4 1
Dominican Republic 1963 24.8 6.8 -0.018 69.4 1
Sawyer Key. Florida 1963 93.1 243 -0.075 18.9 1
Molasses Key. Florida 1963 24.8 6.5 —0.033 18.9 1
Dominica 1964 31.9 12.0 0.077 93.2 7
Dominica 1964 353 11.8 0.030 93.2 1
Galeta, Panama 1967 49.0 15.5 0.000 17.9 2
Egmont Key, Florida 1967 80.9 20.9 -0.074 18.9 2
Egmont Key, Florida 1967 44.1 11.8 —-0.044 18.9 1
St. Thomas 1967 24.0 7.7 0.028 243.9 1
Galeta, Panama 1969 61.7 22.1 0.035 18.4 1
St. Vincent 1969 18.6 5.2 -0.002 257.7 1
St. Kitts 1969 233 6.8 0.001 229.9 2
Yucatan, Mexico 1969 28.3 7.9 -0.017 20.43 2
Jamaica 1970 65.2 19.7 -0.022 182.0 1
Jamaica 1970 49.0 17.9 0.050 182.0 2
Jamaica 1970 22.0 6.8 0.017 182.0 1
Jamaica 1970 36.9 14.6 0.088 182.0 2
Jamaica 1970 71.8 22.4 —-0.015 182.0 2
Jamaica 1970 21.8 6.1 -0.011 182.0 1
Haiti 1970 36.5 13.5 0.065 175.5 1
Dominican Republic 1970 233 7.6 0.033 88.6 1
Turtle Beach. Ascension 1970 18.9 5.6 0.009 9.6 1
Puerto Belo Road, Panama 1970 41.1 15.7 0.072 18.9 1
Rio Piedras, Panama 1971 21.4 6.6 0.019 19.2 1
Limon Bay, Panama 1971 47.7 13.0 -0.041 19.2 3
Galeta, Panama 1971 27.0 7.6 -0.016 19.2 |
Galeta, Panama 1971 22.7 5.6 —-0.047 19.2 1
Galeta, Panama 1971 16.8 4.3 —-0.025 19.2 1
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TasLE |. Continued.
Mean
demi-
Mean test pyramid Human No.
Year of diameter length density urchins
Collection site collection (mm) (mm) Adj. ratio* (no./km-)t analyzed

Collyer Point, Ascension 1971 26.8 10.0 0.075 9.6 1
Collyer Point. Ascension 1971 32.6 11.6 0.053 9.6 1
Dominican Republic - 1971 17.9 5.0 -0.005 85.8 1
Turks and Caicos 1971 17.7 5.0 0.000 14.0 1
San Blas, Panama 1972 64.1 20.1 —-0.011 19.7 1
Salvador, Brazil 1972 67.7 19.1 —-0.042 12.9 3
Galeta, Panama 1972 23.2 6.2 —0.025 19.7 1
Galeta. Panama 1972 23.6 6.7 -0.010 19.7 1
Maria Chiquita, Panama 1972 49.3 14.8 —-0.015 19.7 1
San Blas, Panama 1973 21.0 5.7 -0.020 20.4 1
Ilha de Trinidade 1976 40.9 12.7 0.002 8.3 1
S.W. Bay. Ascension 1981 36.4 12.8 0.047 9.6 1
Florida 1981 17.1 4.4 -0.028 22.7 1
Florida 1982 29.1 8.9 0.008 22.7 2
Florida 1982 31.6 10.4 0.029 22.7 2
Florida 1983 17.2 4.5 -0.022 22.7 1
Looe Key, Florida 1984 40.1 13.6 0.031 227 1
Looe Key, Florida 1986 19.5 5.4 -0.013 26.4 1

* The allometrically adjusted ratio is the ratio of demipyramid length to test diameter, minus the ratio predicted by the St.
John regression equation for a particular test diameter {Ratio = [demipyramid/test}] — [exp(In test x 1.101 — 1.547)]/test!.
T For sources of human census data see Anonymous 1891, 1923, 1931, 1950-1980, 1965, Wilke 1985.

Human fishing pressure

The demipyramid/test ratios from sites designated
as over-fished were significantly greater than ratios from
sites designated as less-fished (Fig. 4, ANOVA, df =
1/20. mean squares between sites/mean squares within
sites = 0.0053/0.0012, P < .05, N = 22). This result
supports Hay’s (1984) hypothesis and suggests that
analysis of ratios can distinguish between reefs of
markedly different human fishing pressure.

The largest single measure of relative demipyramid
size was in Jamaica in 1970 (adjusted ratio = 0.088),
the smallest was in the Florida Keys in 1885 (—0.079).
Relative demipyramid size increased over time (sites

divided into before 1936 and after 1963) on Jamaica
(from —0.005 to 0.023) and St. Thomas (from —0.010
10 0.028); both islands have a considerable fishing pres-
surc (Hay 1984). Less change and much lower ratios
were noted in the Florida Keys (—0.044 to —0.035)
where urchin predators may be more common; fish
traps, common in the Caribbean, arc illegal in Florida.

Geographic region

I used an analysis of covariance to test the effect of
geographic region on demipyramid/test ratio, with the
following covariates: human population density, island
size (or nation sizc), and time. The analysis indicated
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Diadema antillarum demipyramid/test length ratio as a function of time. Ratios are allometrically adjusted (see

Table 1). Regression equation: In adjusted ratio = 0.00435time — 10.923, R* = 0.114, P < .002. (Time is in years and 0.1
is added to the ratio to remove negative numbers and allow for a natural logarithmic transformation.)
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Relationship between Diadema antillarum demipyramid/test length ratio as a function of human population

density. Ratios arc allometrically adjusted (see Table 1). Regression of the demipyramid/test ratio as a function of population
density: In adjusted ratio = 0.00167density — 2.57, R* = 0.0605, P = .025, N = 83. (Time is in years and 0.1 is added to
the ratio to remove negative numbers and allow for a natural logarithmic transformation.) Regression with Diadema antillarum
ascensionis removed has the following statistics: R* = 0.0928, P = .006, N = 77.

highly significant cffects of geographic region, time, and
human population density. There was no significant
cffect of island (nation) size (Table 2). Regional differ-
cnces 1n ratios account for most of the explained vari-
ation in the ANCOV A (accounting for 23% of the sums
of squares). The demipyramid/test ratios from the
mainland regions (Florida and Central/South America)
arc smaller than island regions. There is no difference
in the demipyramid/test ratio between the much larger
islands of the Greater Antilles as compared to the Less-
er Antilles. The island arcas with the largest ratios are
the 1slands farthest from land masses in the mid-At-
lantic: the Ascension Islands, Ilha de Trinidade, and
Madecira Island (Fig. 5, multiple-comparison test: 95%
c1). These offshore arcas with the highest ratios also
had the lowest human abundance.
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FiG.4. Relationship between demipyramid/test ratios (al-

lometrically adjusted) and human fishing pressure. The sites
designated as less-fished are Panama and the Bahamas, and
sitcs designated as over-fished are St. Thomas, Jamaica, and
Haiti (from Hay 1984). Data are the mean ratio and 1 Sk.

DiscussioN

These results suggest that human abundance led to
incrcased demipyramid size induced by food limita-
tion. The amount of variation in demipyramid/test
ratio explained by human abundance is only 6% (9%
with the Ascension subspecics removed). However,
considering the myriad factors not accounted for in
this analysis, a significant finding predicted by an a
priori hypothesis is noteworthy. The unexplained vari-
ation could be due to within-population variation,
variation in fishing pressure not associated with human
abundance (such as increased fishing technology over
time), or the multitude of biotic and abiotic factors not
associated with human impact. In fact, some of the
largest ratios arc found at the lowest levels of human

TaBLE 2. Analysis of covariance testing of effects of geo-
graphic region (see Fig. 1) with the covariates being: human
population density, time, and island size (or mainland re-
gion size).

Source of
variation df Ss MS F P

Covariates

Density 1 1.053 1.053 7.071 .0096
Time 1 1.997 1.997 13.410 .0005
Area | 0.058 0.058 0.389 5413
Main effect
Region 5 4.277 0.855 5.744 .0002
Residual 74 11.021 0.149
Total 82 18.414

* Data are allometrically adjusted demipyramid/test length
ratios (see Table 1), 0.1 is added to ratio to remove negative
numbers and allow for a natural logarithmic transformation.



October 1992

0.05

OVER-FISHING AND URCHIN FOOD AVAILABILITY

1603

0.04 1
0.03
0.02
0.01

o]

-0.01

Adjusted Ratio

-0.02
-0.03}

~0.04 ¢

1 1 - 1

-0.05 ' L
FLA C./S.A.

BAHAM

GR.ANT LS.ANT MID.ATL

Geographic Region

FiG. 5.

Relationship between demipyramid/test ratios (allometrically adjusted) and geographic regions. The regions are

Florida (FLA), Central and South America (C./S.A.), Bahamas (BAHAM), Greater Antilles (GR.ANT), Lesser Antilles
(LS.ANT). and islands in the mid-Atlantic (MID.ATL). Data are the mean ratio and | sE.

abundance. This suggests the importance of other fac-
tors influencing algal abundance and urchin population
dynamics.

Comparison of museum specimens to field data

The field-collected sea urchins from St. John were
collected 2 yr after the mass mortality of D. antillarum,
when density was very low and algal abundance high
(Levitan 1988h). All museum specimens (except one
Looe Key. Florida specimen) were collected previous
to the mass mortality. This resulted in a low demi-
pyramid/test ratio for St. John compared to the region
(Lesser Antilles, Fig. 5). In comparison, the ratios from
the St. John field experiment (0.029 to 0.049) con-
ducted at realistic pre-mass mortality population den-
sities (12-24 individuals/m?) are similar to post-1963
ratios for St. Thomas (0.028) and Jamaica (0.023). Ja-
maica, the island with the highest single demipyramid/
test ratio (0.088), also has the highest published D.
antillarum population density estimate (71 individu-
als/m-=. Sammarco 1980). This suggests that before the
mass mortality, algal abundance was low and urchins
were food limited in the Antilles, supporting carlier
research from that region (Ogden et al. 1973, Sam-
marco ¢t al. 1974, Bak and van Eyes 1975, Sammarco
1980, Scofhn et al. 1980, Carpenter 1981, Levitan
1988a, b, 1989).

The starved sea urchins from the laboratory exper-
iment had demipyramid/test ratios similar to the sca
urchins from the mid-Atlantic islands. This indicates
a highly food-limited condition for these relatively
pristine populations (islands occupied by = 1000 naval
personnel; British Consulate, personal communica-
tion). suggesting nonhuman factors can produce the
same ratios characteristic of “barren” habitats found
in Jamaica.

The mainland regions had demipyramid/test ratios

lower than the St. John field population. The pattern
of increased ratio (suggesting food limitation) with dis-
tance from the mainland may be associated with dif-
ferences 1n per capita fishing pressure (percent diet,
amount cxported, technology or preference), continen-
tal run-off affecting nutrient availability, or differcnces
in recruitment and survivorship of sca urchins and fish.
Interestingly, most sites classified as less-fished come
from these mainland regions (Hay 1984 [but sce Salt
River, St. Croix]. Lewis 1986). Perhaps there are other
factors besides (or in addition t0) fishing pressure de-
termining differences in sites classified as “over-" or
“less-"" fished.

CONCLUSIONS

The results suggest that humans have indirectly in-
fluenced D. antillarum morphology. An cxplanation
for this relationship is that removal of predatory fish
by human beings led to increased sea urchin abundance
and grazing pressure. Alternate explanations, such as
the influence of competitive release of urchins from
the removal of herbivorous fish or increasing nutrients
duc to human waste products, lead to opposite pre-
dictions, such as a decrease in demipyramid/test ratio
with increasing human activity. For these reasons, the
predation hypothesis is the most parsimonious expla-
nation. The finding of ratios being related to estimated
fishing pressure in the 1960s through 1980s adds sup-
port to this notion. However, the amount of change
duc to this disturbance was within the natural variation
seen today and over 100 yr ago when human abun-
dance was markedly lower. Natural variation in D.
antillarum recruitment (Bak 1985, Hunte and Young-
lao 1988, Lessios 1988, Levitan 198846, Carpenter
19904, Karlson and Levitan 1990), predation pressure
(Randall 1967, Carpenter 1984, Levitan and Genovese
1989), competition (Hay 1984, Hay and Taylor 19835,
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Carpenter 1986, 19904, Lewis 1986), algal productivity
(Carpenter 1988), and catastrophic mortality (i.c., dis-
casc: Lessios ¢t al. 1984; hurricanes: D. R. Levitan,
unpublished data) should not be ignored as important
ccological factors determining urchin abundance and
grazing impact. It appears that there have occasionally
been times and places where algal abundance has been
limiting and echinoid densities high, independent of
human activity.

The combination of controlled experiments and large-
scale temporal and geographic surveys provides a means
to examine the mechanisms and dynamics of coral reef
community structure. This allows us to test the im-
portance of various factors influencing historical change,
and aids in distinguishing between possible and prob-
able past events.
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