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Abstract The sea urchin Tripneustes ventricosus is a
common, yet relatively poorly known, grazer of seagrass
beds and coral reefs throughout the Caribbean. We com-
pared the size and abundance of urchins between adjacent
seagrass and coral reef habitats (where macroalgae are the
dominant primary producers). We also conducted a labora-
tory experiment comparing the growth rate of juvenile
urchins fed a diet of either macroalgae or seagrass. Reef
urchins had significantly larger test diameter than those in
the seagrass on some sampling dates. This size difference
may be at least partially explained by diet, because labora-
tory-reared urchins fed macroalgae grew significantly faster
than those fed seagrass. The seagrass population, however,
was stable over time, whereas the reef population exhibited
strong fluctuations in abundance. Overall, our study indi-
cates that both the seagrass and coral reef habitats are capa-
ble of supporting healthy, reproductive populations of
T. ventricosus. Each, however, appears to offer a distinct
advantage: faster growth on the reef and greater population
stability in the seagrass.
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Introduction

Coral reefs and seagrass beds are structurally distinct habi-
tats with different primary producers. Primary production
on many coral reefs is dominated by diverse species of
macroalgae, whereas seagrass beds are dominated by a
few species of seagrass (Iverson and Bittaker 1986;
Gallegos et al. 1993; Dawes et al. 1995; Aronson and Pre-
cht 2000; Lirman and Biber 2000; Kendall et al. 2004).
Seagrasses contain relatively high levels of indigestible,
refractory compounds and high C/N ratios (Duarte 1990,
1992; Enriquez et al. 1993; Anesio et al. 2003; Montague
et al. 2005; Vichkovitten and Holmer 2005). On the other
hand, many species of macroalgae, while low in refractory
components, contain secondary compounds or calcareous
deposits that deter grazers (Hay etal. 1987, 1988; Hay
1991; Littler and Littler 2000; Payri 2000; Taylor et al.
2002; Jormalainen and Honkanen 2004; Hemmi et al.
2005; Rees et al. 2007). The food resources available to
herbivores are thus fundamentally different between coral
reefs and seagrass beds.

The sea urchin Tripneustes ventricosus is an ecologically
important grazer of seagrass beds and coral reefs of the
tropical western Atlantic, and in some areas is the dominant
invertebrate herbivore (Moore and McPherson 1965; Keller
1983; Tertschnig 1989; Woodley et al. 1999; Haley and
Solandt 2001). Tripneustes ventricosus is a large urchin,
reaching a test diameter of 130 mm (Tertschnig 1989). The
gonads are edible and form the basis of economically
important fisheries on certain Caribbean islands (Scheibling
and Mladenov 1987; Smith and Berkes 1991).

Although T. ventricosus is typically associated with sea-
grass habitats, in recent years increasing numbers of this
urchin have been observed on coral reefs (Woodley et al.
1999; Haley and Solandt 2001; Moses and Bonem 2001).
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Grazing by these urchins could potentially remove macro-
algae from the reef (Woodley etal. 1999; Moses and
Bonem 2001) and help create suitable recruitment sites for
corals. If the T. ventricosus populations on the reef are
maintained at least in part by recruitment, the reproductive
behavior of the urchins could have important implications
for the reef community. Fertilization rates in echinoids
depend largely on individual fecundity and conspecific den-
sity (Pennington 1985; Levitan 1988; Levitan et al. 1992).
Thus the ability of a habitat to sustain a population of a
given fecundity and density is critical to the reproductive
success of T. ventricosus. Our study compares the size and
abundance of T. ventricosus in two adjacent but contrasting
habitats in which this species is found: coral reefs and sea-
grass beds.

Materials and methods
Study site

We conducted our study in St Ann’s Bay on the north coast
of Jamaica (Fig. 1). The study site encompasses a patch
reef, Frances Reef, adjacent to a shallow (1-2 m) seagrass
bed consisting primarily of turtlegrass, Thalassia testudi-
num. The patch reef rises vertically approximately 2-2.5 m
above the surrounding seafloor. The seagrass bed, which is
separated from the patch reef by a narrow (<2 m) strip of
bare sand, has little topographic relief. Despite their prox-
imity, the two habitats provide different food sources and
physical complexity: the patch reef is highly rugose and
dominated by various species of macroalgae while the sea-
grass bed is flat and dominated by a single species, T.
testudinum.

We sampled the macroalgal community of the reef crest
in February 2001, February 2002, and July 2002. We
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Fig. 1 Map of St Ann’s Bay, Jamaica showing the Frances Reef study
site. Box in inset of Jamaica in upper right indicates location of
enlarged map
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collected samples by removing all of the algae from ten
haphazardly placed 0.04 m* quadrats (Macid 2000) laid on
the substratum. This quadrat size provided a representative
sample of the macroalgal community while minimizing
variation and impacts on the benthic community. The sam-
ples were rinsed, sorted to genus, and dried to constant
weight at 70°C. The seagrass community was investigated
as part of a separate ongoing monitoring program of sea-
grass communities in St Ann’s Bay. Quarterly surveys of
the T. testudinum population were conducted from Novem-
ber 2000 to February 2002. At each survey we collected all
aboveground biomass within 15 random 0.04 m? quadrats.
The samples were washed in 8.5% phosphoric acid to
remove calcareous epiphytes, and dried to constant weight
at 70°C.

We identified a total of 19 genera of algae on the reef
crest. On all sampling occasions, the algal community was
dominated by Amphiroa and Halimeda, with several other
genera (Gelidium, Turbinaria, Dictyota, Galaxaura, Dige-
nia) present in substantial amounts (Fig. 2). Six other mac-
roalgal genera were observed on certain sampling dates, but
these algae never had a mean biomass greater than
10 g m~2. Total biomass of macroalgae on the reef through-
out the study period ranged from 830 to 1,164 g m~2 In the
seagrass bed aboveground biomass of 7. festudinum ranged
from 32 to 53 gm~2. No other species of seagrass was
found in the sampling quadrats, although some Halodule
wrightii was observed at the site.

Reef versus seagrass: urchin size

We compared the test diameters of randomly selected
T. ventricosus from reef crest and seagrass habitats. We
began our study in November 2000 with the intention of
sampling twice a year thereafter (winter and summer), but
in February 2001 we could find only ten urchins on the
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Fig. 2 Biomass (mean £ SE) of common genera of macroalgae on the
reef crest at Frances Reef. Common genera defined as those with bio-
mass of at least 10 g m~2 during one or more sampling periods
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entire reef crest. We measured the gut contents of five of
these urchins but there were not enough individuals to
construct a size frequency histogram of test diameter. The
abundance of urchins on the reef remained close to zero
until February 2002, when urchins reappeared and we
resumed sampling. Test diameter of randomly selected
urchins was measured with calipers in November 2000
(n =100 in each habitat), February 2002 (n = 70) and July
2002 (n = 100).

We analyzed gut content of five urchins from each of the
habitats in February 2001 and July 2002. Gut contents of
each urchin were homogenized and a subsample (ca. 5 ml)
preserved in ethanol. These subsamples were spread evenly
in a petri dish with a 5 x 5 mm grid drawn on the bottom.
Particles located within 20 randomly selected sections of
the grid were identified with a dissecting microscope. We
then classified each grid section as macroalgae, seagrass, or
“other” based on which type of food particle constituted the
majority of particles for that section.

Growth rate experiment

We determined the effect of diet type on the growth of
twenty juvenile T. ventricosus maintained in the laboratory.
All urchins were collected from the Frances Reef seagrass
bed immediately prior to the start of the experiment. Indi-
vidual urchins were randomly assigned to either a seagrass
or reef-macroalgal diet, and initial mean test diameters of
the two groups did not differ significantly (seagrass:
36.0 £ 1.0 mm; reef: 36.8 = 1.4 mm; ¢ test: t=0.496, 18
df, P =0.63). Urchins were kept in a single water table on
an open seawater system. The water table was divided into
20 equally sized compartments, each of which held one
urchin. Urchins and treatments were assigned randomly to
these compartments. Urchins were fed ad libitum: every 6-
7 days we removed any remaining food and added newly
collected food to ensure a constant and sufficient supply of
seagrass or algae. Seagrass was collected by removing all
of the aboveground biomass from fifteen 0.04 m? quadrats
randomly located in the Frances Reef seagrass bed. All of
the seagrass blades were combined and thoroughly stirred,
then distributed to each experimental compartment. To
ensure that a representative selection of algae was provided
to the urchins, we collected all algal biomass within ten
0.04 m? quadrats randomly placed on the Frances Reef
crest. These samples were then combined and thoroughly
stirred so that the algae were distributed evenly throughout.
We distributed the mixed algae equally among the appro-
priate water table compartments.

We measured the test diameter of the urchins every
2 weeks for 10 weeks. To minimize variability in the mea-
surements, we measured each individual urchin three times
at each sampling and used the mean of these three values in

the statistical analyses. Because not all urchins survived for
the duration of the experiment, we standardized growth
increments as a weekly increment for each individual
urchin. In each treatment nine of the ten urchins survived
for at least 5 weeks, and 14 of these 18 urchins survived for
at least 8 weeks. Growth data from the remaining two
urchins, which died after only 2 weeks, were not used in the
statistical analyses. There was no significant difference (¢
test: t=2.12, 16 df, P = 0.68) in the number of weeks sur-
vived by urchins in the seagrass treatment (8.67 £
0.55 weeks) and the algae treatment (8.33 £ 0.56 weeks).

Results
Reef versus seagrass: urchin size

The mean test diameters of urchins did not differ between
habitats (Sheirer-Ray-Hare extension of Kruskal-Wallis
test: H=2.216; P=0.14) or among sampling dates
(H =1.355; P=0.51), but there was a significant interac-
tion of these two factors (H = 17.663; P < 0.001). Because
we were interested primarily in the effects of habitat on the
urchins, we used a series of sequentially Bonferroni-cor-
rected (Rice 1989) Mann—Whitney U tests to compare
urchin size in reef and seagrass habitats separately for each
sampling date. In November 2000, urchins on the reef were
significantly larger than those in the seagrass (Table 1).
Urchin test diameter did not differ significantly between the
seagrass and reef in either February or July 2002 (Table 1).

The size frequency distribution of urchin test diameter
on the reef crest in July 2002 was strongly bimodal, how-
ever, and differed in shape from the unimodal distribution
observed in the seagrass (2-sample Kolmogorov—Smirnov
test: P < 0.0001; Fig. 3). These data suggest that there were
two separate cohorts present on the reef in July, but only a
single cohort in the seagrass. Splitting the July reef data
into two groups (i.e., >75 mm or <75 mm test diameter)
greatly improved the fit of the data to a normal distribution
(Lilliefors tests for normality: combined group P « 0.0001;
larger cohort P = 0.700, smaller cohort P = 0.231). A simi-
lar split of the seagrass data resulted in a poorer fit to a nor-
mal distribution (combined group P = 0.028; larger cohort
P <0.001, smaller cohort P < 0.001). The test diameters of
the >75 mm reef cohort were significantly larger than those
of the entire seagrass urchin population (Table 1). The test
diameters of the larger reef cohort were also significantly
larger than those of seagrass urchins that were >75 mm
(Table 1).

In February 2001, gut contents of urchins from the reef
crest were 98 + 1.2% (mean + SE) macroalgae, while the
gut contents of seagrass urchins were 94 £ 2.4% seagrass.
There was little change in July 2002: 92 + 3.4% macroal-
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Table 1 Test diameters of Tripneustes ventricosus urchins in two habitats, reef and seagrass

Sampling date Mean (£ SE) test diameter (mm) Median test diameter (mm) U P

Reef Seagrass Reef Seagrass
November 2000 90.1 £2.0 754+ 1.5 97.8 80.4 7614 <0.001
February 2002 81.3£2.0 83.7+£1.2 84.2 84.7 2514 0.789
July 2002 745 £2.1 84.1 £ 0.7 81.8 83.6 5577.5 0.316
July >75 mm reef versus all seagrass 922 +0.9 84.1+0.7 92.1 84.2 4407.5 <0.001
July >75 mm reef versus >75 mm seagrass 922 +0.9 853 £ 0.6 92.1 84.2 3967.5 <0.001

In July 2002 subsamples of urchins with test diameters >75 mm were used in some analyses (see text and Fig. 3) Mann—Whitney U tests compared
test diameters between habitats within a sampling period. Probabilities were corrected with the sequential Bonferroni method (Rice 1989)

Statistically significant differences are indicated in boldface
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Discussion

We found important differences in mean size, size distribu-
tion and growth of the sea urchin Tripneustes ventricosus
between seagrass and coral reef habitats. Overall, urchins
on the reef tended to be larger than those in the seagrass:
urchin size was either larger in the reef habitat (November
2000) or similar in the two habitats, but was never signifi-
cantly larger in the seagrass. In July 2002 the reef urchin

@ Springer

Fig. 4 Growth rates (mean =+ SE) of juvenile Tripneustes ventricosus
fed macroalgae or seagrass under laboratory conditions. Urchins fed
macroalgae grew significantly faster than those fed seagrass (P = 0.02)

population was strongly bimodal, possibly representing two
cohorts. The seagrass population was unimodal at this time,
indicative of a single cohort. This seagrass cohort was
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significantly smaller than the presumably similarly-aged
reef cohort (i.e., reef urchins >75 mm).

Differences in food availability or quality may account
for the observed differences in sea urchin size and growth.
Although the aboveground biomass of seagrass was an
order of magnitude lower than that of macroalgae on the
reef crest, we did not observe any overgrazing of seagrass
by the urchins in the seagrass bed. The lack of overgrazing
indicates that these urchins were not limited by the abun-
dance of seagrass. Therefore, the difference observed in
urchin size between the two habitats does not appear to be
caused by differences in the abundance of food. Urchins on
the reef may be larger because, as indicated by our labora-
tory feeding experiment, their food source supports faster
growth.

The growth rate of T. ventricosus is higher on a diet of
the macroalga Sargassum than on a diet of seagrass (Lilly
1979). In laboratory tests 7. ventricosus preferred the alga
Dictyota cervicornis over seagrass (T. testudinum) and the
alga Galaxaura oblongata, but exhibited no preference
between the latter two (Prince et al. 2004). In our experi-
ment, T. ventricosus that were fed several species of mac-
roalgae grew three times faster than urchins fed seagrass
alone. Thus a diet of macroalgae supports a greater
growth rate in T. ventricosus than does a diet of seagrass,
although not all species of macroalgae are preferred over
seagrass. An alternative explanation for the size difference
between reef and seagrass urchins is that the larger reef
cohort was in fact older than the seagrass cohort. We can-
not rule out this possibility without knowing the age of
the urchins.

In addition to differences in urchin size between the coral
reef and seagrass habitats, there were differences in popula-
tion abundance between the two habitats. From November
2000 to July 2002, the seagrass bed supported a stable pop-
ulation of T. ventricosus with a density ranging from 1.0 to
2.5 urchins m~2 (quarterly sampling, unpublished data). In
contrast, the reef population exhibited larger fluctuations in
density. Sometime between November 2000 and February
2001 virtually all of the reef urchins disappeared, only to
reappear in February 2002. In July 2002 we observed a new
cohort of urchins on the reef crest, but not in the seagrass.
Physical conditions such as temperature, salinity, and wave
exposure are relatively uniform throughout the year in St
Ann’s Bay (unpublished data), and no tropical storms
occurred during our study period. Therefore, we assume
that the observed fluctuations in urchin abundance are not
driven by such factors. The fluctuations might have been
caused by migration of the urchins, but our data do not
show a decrease in seagrass urchins as would be expected if
they were leaving the seagrass for the reef. Although the
reef crest provides a higher-quality food source, its popula-
tion of urchins was not as stable as that of the seagrass bed.

Conclusions

Our study compared populations of Tripneustes ventricosus
urchins in adjacent seagrass and coral reef habitats. Our
data suggest that the coral reef is a nutritionally superior
habitat for 7. ventricosus which grow faster on a diet of
macroalgae than on a diet of seagrass. Nevertheless,
urchins in the seagrass habitat are able to grow well beyond
the size at which sexual maturity occurs. Urchin popula-
tions in the seagrass bed were also more stable over time
than those of the coral reef from which T. ventricosus virtu-
ally disappeared for an entire year during our study period.
Our study indicates that reef and seagrass habitats provide
different benefits to T. ventricosus (i.e., faster growth vs.
stable population size, respectively). Given the observed
fluctuation in abundance of the reef urchins, however, the
nutritional benefits of the habitat may be ephemeral.
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