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Diadema antillarum Was Not a Keystone Predator in

Cryptic Reef Environments

JEREMY B. C. JACKSON AND KARL W. KAUFMANN

The ecological impact of the disappearance of a major predator depends on the
responsiveness of the prey. Mass mortality of the most abundant grazer in Caribbean
cryptic reef environments, the sea urchin Diadema antillarum, selectively decreased
rates of mortality of encrusting organisms by half, yet community composition hardly
changed because alternative species failed to become established.

EYSTONE PREDATORS CAN RADI-
I< cally alter the composition of eco-
logical communities by consuming
potentially dominant competitors (I). Be-
fore 1983, the sea urchin Diadema antil-
larum was the most abundant large grazing
invertebrate on most Caribbean coral reefs
(2, 3). Because of its enormous densities (4)
and voracious appetite (5), Diadema has
been considered a keystone predator (3, 4,
0), a view supported by severalfold increases
in algal abundance on many reefs after mass
mortality of Diadema in 1983 (7, 8). Dia-
dema was also an important grazer on en-
crusting organisms in cryptic reef environ-
ments such as crevices in the reef framework
and under corals (9). Thus one would pre-
dict that Diadema’s disappearance would
result in large changes in the composition of
the encrusting community, but it did not.
Population dynamics of encrusting orga-
nisms and Diadema were studied for 27
months at Rio Bueno, Jamaica. Undersur-
faces of 38 foliaceous corals situated along
200 m of reef between 8 to 14 m in depth
were photographed at approximately weekly
intervals (10). We determined abundances
by projecting photographs onto a digitizer
tablet overlain by randomly placed points
and then by recording what organisms coin-
cided with the points at each census (11).
Causes of changes in abundance were deter-
mined by observing the fates of organisms at
randomly chosen points during five different
6-week periods (12). Overgrowth was readi-
ly observed in sequences of photographs as
one organism advanced over another, and
predation by large grazers was noted by
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their characteristic feeding scars. Together
these two processes caused 82% of all
changes observed.

More than 98% of the Diadema died
between 26 July and 4 August 1983, and
the population did not recover for the dura-
tion of the study (7, 13). Before the sea
urchins died, predators (14) cleared 6.9% of
the total surface in 6 weeks, whereas after-
ward this amount dropped as low as 1.1%
and was still only 3.3% after 27 months
(Fig. 1A; x* = 372, P < 0.0001, 4 df). In
contrast, space overgrown by encrusting or-
ganisms stayed around 5% (x* = 4.89,
P > 0.10, 4 df), so that the relative impor-
tance of mortality due to predation and
competition was reversed.

Surprisingly, mean abundances of major
encrusting taxa changed little during the 27
months after the disappearance of Diadema
(Fig. 1B). However, abundances under in-
dividual corals varied considerably during
the same period (Fig. 2), demonstrating that
the overall stability of the encrusting com-
munity is not due to slow growth or lack of
disturbance by other organisms. In contrast,
animals with erect growth increased more
than threefold but were never abundant.

Why was the composition of the cryptic
community so stable in view of such a
marked ecological change? One possibility is
that larval recruitment of species able to
dominate space under corals was extremely
slow (15), so that new or previously uncom-
mon species under a given coral may have
simply failed to appear. To test this, we
searched the photographs for larval recruits
of sponges, which are the best overgrowth

competitors under corals (9, 16), during
two different 6-week intervals after the Dia-
dema died (17). None appeared. Moreover,
only seven bryozoan colonies settled, and
there was no obvious increase in recruitment
of any other groups under corals, including
erect animals, which appear to have in-
creased entirely by clonal propagation.
Throughout this period, however, substrata
suitable for larval settlement, such as crus-
tose algae, were abundant. In contrast, erect
animals recruited heavily after removal of
another diadematoid sea urchin from a Cali-
fornia rock reef (I18).

Another possible explanation for the sta-
bility of the cryptic community may be
associated with the diet of Diadema under
corals. Before the urchins died, 57% of the
predation was upon crustose algae and an-
other 38% upon the bryozoan Steginoporella
sp. Crustose algae are among the poorest
overgrowth competitors under corals (9), so
that their reprieve from grazing would not
be expected to result in much community
change. In contrast, Steginoporella sp. is
among the best overgrowth competitors
(15), but this ability is restricted to the
growing margins of colonies, whereas older
regions of the same colonies become senes-
cent and are easily overgrown (19). For this
reason we examined the condition of grazed
versus ungrazed Steginoporella. Zooids were
classified as young, middle-aged, and old,
and their fates were determined after 6
weeks in June and July 1983 (20). The
oldest zooids constituted 20% of the colo-
nies, yet they sustained 75% of the preda-
tion. Thus Diadema fed almost exclusively
and preferentially (21) on organisms or
parts of organisms that were not actively
affecting the abundance of other organisms.

Keystone predators, by definition (1),
feed on potentially dominant competitors
for space. Diadema behaves this way on
upper reef surfaces by feeding preferentially
on algae that might otherwise overgrow and

J. B. C. Jackson, Smithsonian Tropical Research Insti-
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Rio Bueno, Jamaica. Data are plotted on a logarithmic scale for clarity of
presentation. (A) Proportion of mortality due to grazing compared to
mortality due to overgrowth under corals (12). Mortality is expressed as the

percentage of points examined whose inhabitants changed during each 6-
week interval. (B) Mean percent cover of major taxa. Steginoporella spp. and
Reptadeonella spp. are the most abundant cheilostome bryozoans (9); the
category “all cheilostomes” includes these species. Gypsina sp. is an encrust-
ing foraminiferan. Erect animals include arborescent or vinelike hydroids,
stylasterine hydrocorals, scleractinian corals, and bryozoans.

kill corals (3, 4, 6, 8), but it acts the opposite
in cryptic reef environments by feeding pref-
erentially on inferior competitors. This is
not the first instance of such behavior by an
abundant predator; the starfish Acanthaster
planci in the eastern Pacific feeds preferen-
tially on competitively inferior corals (22).
After 27 months, the most striking natu-
ral disappearance of a major predator ever
recorded in the sea had little effect on the
community structure of a habitat where it
was previously the principal predator. Erect
animals potentially capable of excluding en-
crusting organisms have increased slowly,
but Diadema populations are already in-
creasing as well (13), so that further increase
of erect animals is unlikely. Thus by estab-
lished criteria (1, 3), Diadema was not a
keystone predator in cryptic reef environ-
ments, despite its extensive grazing that
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diagonal lines.

scraped the equivalent of approximately
38% of the entire undersurface of corals
each year (23).

We do not believe, however, that Dia-
dema was ecologically unimportant under
corals. Many of the most abundant cryptic
species show structural and physiological
adaptations to resist durophagous grazers
such as Diadema (15, 24), and it seems
unlikely that these defenses would have
evolved and persisted if the most abundant
such predator (25) had not had some influ-
ence. Mass recruitment of potentially domi-
nant competitors might occur occasionally,
after which intensive or selective grazing of
these recruits by Diadema could alter the
direction of community development. The
ecological and evolutionary impact of a spe-
cies may be great, even if it cannot be
observed on a short time scale.

Cover, September 1985 (%)

Fig. 2 (right). Percent cover of taxa under individual corals at the beginning
and end of 27 months of observation. Each point represents the cover of a
taxon under the same coral in June 1983 and September 1985. The number
of points for each taxon varies with the number of corals inhabited. If no
changes had occurred under individual corals, the points would lie on the
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Can Microscale Chemical Patches Persist in the Sea?
Microelectrode Study of Marine Snow, Fecal Pellets

ALICE L. ALLDREDGE AND YEHUDA COHEN

Microelectrode studies demonstrate the existence of persistent oxygen and pH gradi-
ents around flocculent, macroscopic marine particles known as marine snow. Oxygen
is partially, but continuously, depleted within and around marine snow in the dark and
can be completely depleted within large fecal pellets. Boundary layers hundreds of
micrometers thick are maintained despite advection of fluid past the particles. The
existence of chemical microhabitats on the scale of millimeters around macroscopic
particles in the pelagic zone may significantly influence the distribution and activity of
marine microorganisms and permit processes requiring low oxygen, including denitri-

fication.

HE EXISTENCE OF PELAGIC MICRO-

zones enriched in nutrients, oxygen,

or dissolved organic matter has been
hypothesized to explain high growth rates of
phytoplankton and bacteria in seemingly
impoverished oceanic waters (1-—4). Micro-
zones of nutrient enrichment would attract
microorganisms and support high metabolic
activity, whereas microzones of oxygen-de-
pleted water might support denitrification
or even permit sulfate reduction or methan-
ogenesis. Although microscale nutrient
patches lasting a few tens of seconds are
produced by zooplankton excretion and po-
tentially affect the course of competition and
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coexistence among phytoplankton (5), it has
been argued that chemical gradients on the
scale of millimeters cannot persist in the
planktonic environment because they could
not be maintained against processes of mo-
lecular or turbulent diffusion (6, 7).
However, the pelagic zone contains abun-
dant macroscopic particles, both flocculent
aggregates known as marine snow and the
fecal pellets of zooplankton, whose large size
and high microbial activity (8, 9) could
produce and maintain microscale chemical
gradients. Using microelectrodes to measure
oxygen and pH, we have demonstrated that
oxygen is partially depleted within marine
snow particles in the dark and may become
fully depleted in large fecal pellets. The
boundary layer surrounding the particles
further increases the volume of the micro-
zone. We present experimental evidence (i)

that microscale chemical gradients can per-
sist in the ocean against processes of advec-
tion and diffusion on a scale significant to
microorganisms and (ii) that these patches
may have important implications for nutri-
ent recycling in the sea.

Particles of marine snow (flocculent, mac-
roscopic particles consisting of phytoplank-
ton, detritus, bacteria, and fecal pellets em-
bedded in a mucous matrix) ranging from 1
to 4 mm in diameter were collected by hand
in small cylinders by scuba divers in surface
waters of the Santa Barbara Channel, Cali-
fornia (10). All particles were maintained at
18°C and tested within 1 to 24 hours after
being collected. Freshly defecated fecal pel-
lets were also obtained from planktonic
macrocrustaceans collected by net and aged
for up to 3 days in sterile seawater in the
laboratory at 25°C. Each individual particle
was placed in a small cone, 7 mm high and
3.5 mm in radius, made from 120-pm
mesh-size plankton net, which sat in a 30-ml
vessel filled with filtered seawater main-
tained at 18° to 20°C. A stream of fine
bubbles emitted from a pipette tip placed
near the bottom of the vessel outside the
cone was used to mix water throughout the
vessel. This bubble stream produced a suc-
tion effect, advecting water toward it from
the cone and the rest of the vessel. Measure-
ments of the time required for a fine suspen-
sion of carmine particles placed within 500
pm of the marine snow to leave the cone
indicated that current velocities around the

particles were on the order of 0.04 cm sec™ .
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