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PREFACE

This species profile is one of a series on coastal aquatic organisms,
principally fish, of sport, commercial, or ecological importance. The profiles
are designed to provide coastal managers, engineers, and biologists with a brief
comprehensive sketch of the biological characteristics and environmental
requirements of the species and to describe how populations of the species may be
expected to react to environmental changes caused by coastal development. Each
profile has sections on taxonomy, 1life history, ecological role, environmental
requirements, and economic importance, if applicable. A three-ring binder is
used for this series so that new profiles can be added as they are prepared.
This project is jointly planned and financed by the U.S. Army Corps of Engineers
and the U.S. Fish and Wildlife Service.

Suggestions or questions regarding this report should be directed to oane of
the following addresses.

Information Transfer Specialist
National Coastal Ecosystems Team
U.S. Fish and Wildlife Service
NASA-S1idell Computer Complex
1010 Gause Boulevard

S1idell, LA 70458

or

U.S. Army Engineer Waterways Experiment Station
Attention: WESER-C
Post Office Box 631
Vicksburg, MS 39180
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a. Diadema antillarum on a
patch reef in St. Croix. Such
high population densities were
typical of many Caribbean
reefs before the mass mortal-
ity of Diadema in 1983-84.

C. Scanning electron micro-
graph of a primary spine of
Diadema (204 X), showing
barbs.  Spine tip 1is toward
top of photograph.

Figure 1.

viii

b. Diadema at the edge of a
patch reef 1in late afterncon,
beginning nightly feeding for-
ays into surrounding seagrass
beds. This feeding creates a
prominent halo of grazed sea-
grass around the reef.

d. Scanning electron micro-
graph (240 X) of a section of
a Diadema primary spine. Note
deTicateness of the spine and
hollow center.

The natural history of Diadema.



(0.25 m?)
patch reef in St. Croix before
the mass mortality of Diadema

e. Section of a

in 1983-84. Note paucity of
algae and heavily grazed
appearance of the reef
surface.

Figure 1.

f. Same patch reef section, 3
months after mass mortality.
Note massive growths of benthic

LONG-SPINED BLACK SEA URCHIN

NOMENCLATURE/TAXONOMY/RANGE

Scientific NAMeeeeeeeccennes Diadema
antillarum Philippi
(Figure Ta,b)

Preferred common name....... Diadema

Other common names...... Long-spined
black sea urchin, spiny black
sea urchin, black sea egg.
Phylum.......ecvvveee.  Echinodermata
£1aSSeeseeeenscesnesseaes Echinoidea
Order..ceecesececessnssess Aulodonta
Family.ieeeeeeaaeeeesss Diadematidae

Geographic range (Figure 2): Diadema
antillarum is gregarious and occurs

in almost all marine habitats in-
cluding rock, coral reefs, man-
groves, seagrass beds and sandy

flats in the shallow coastal waters
of Florida, from Pensacola on the

algae--especially the brown
alga Padina.
(Continued).
west coast through the

coast.
and rock outcrops
Mexico,
Grounds Flower

and Gardens,

south Texas and the Yucatan Penin-

sula (Serrafy 1979).
abundant in the West
along the north coast

America to Surinam. It occurs

Diadema
Indies

Bermuda and across the Atlantic to
Islands,

Verde
and the Gulf of Guinea.
in the Mediter-
Diadema has been re-

Madeira
the Cape

the
the
Islands,
It does not occur
ranean Sea.
ported to depths of 400 m,
is most abundant

Azores, the
Canaries,

but

(Figure la, b).

Florida
Keys, to Cape Canaveral on the east
It is found on deeper reefs
in the Gulf of
such as the Florida Middle

of South

in shallow water

(1 to 10 m) where population densi-
ties of over 20/m? are not uncommon
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Figure 2. Distribution of Diadema in southern Florida.




MORPHOLOGY/IDENTIFICATION AIDS

Diadema antillarum 1is one of
six species of the genus now
recognized 1in the tropical
of the world (Mortensen 1940).
The test of Diadema 1is circular,
slightly flattened from top to bottom,
and up to 10 cm in diameter; the
spines are up to 30 cm long., The
test 1is delicate and, unlike those
of other sea urchins, 1is rarely
found whole on the beach or on the
bottom, In contrast to other
Caribbean urchins, such as Lytechinus
and Tripneustes, Diadema does not
cover itself with pieces of vege-
tation, shell, or rock.

The following sections are adapted
in part from Hyman (1955). Diadema
is wuniformly dark purple or almost
black when mature, but in the young
(to 2 cm in diameter) the spines
may be banded with white., Adults
occasionally have patches of white
spines and very rarely are completely
white. Rows of brilliant blue spots,
sometimes fused into lines, may
radiate from the anal region on
the top of the test. These spots
may be 1light sensors and are often
hidden by dark pigment. The region
around the anus (periproct) sometimes
appears swollen into a bulge or
finger of thin tissue called the

anal cone which is apparently produced

by hydrostatic pressure from the

gut.

Spines

The primary and shorter secondary
spines of Diadema are highly mobile
and attached by muscles to tubercles
on the test. The Jlargest tubercles
are organized into five double rows,
giving the test a banded appearance.
The spines are thin, delicate, and
hollow (Figure 1d) containing glandu-
lar tissue that produces a toxin.
The spines can penetrate human skin
and sometimes break off, causing
severe pain that Tlasts for several
hours, and occasional allergic

oceans.

reactions. The spines. are eventually
absorbed by the body, or may be
dissolved by the application of
a mild acid such as lemon juice
or vinegar., The skin may have a
"tatooed" appearance from the spine
pigment 1long after the spines are
absorbed. When Diadema is disturbed,
the spines point at the source and
wave about, They are covered with
small barbs (Figure 1c) directed
toward the spine tip that help prevent
predators from reaching the test.

Tube Feet and Pedicellariae

The other major external appendages
of Diadema are the tube feet and
pedicellariae. The tube feet
penetrate the test in rows of holes
that connect to the water vascular
system, unique to the echinoderms.
The tube feet are thin, sensitive,
and capable of extreme extension.
They have a terminal disc, or sucker,
which  enables Diadema to hold
tenaciously to smooth surfaces.
The adhesive tube feet on the Tower:
surface of the test along with the
spines are the major organs of
locomotion; the +tube feet on the
upper surface of the test are not
very adhesive and are used in
respiration. The pedicellariae
are morphologically equivalent to
the spines and consist of a head com-
posed of three movable jaws, mounted
on a stalk that 1is attached to a
tubercle on the test. The
pedicellariae are very numerous
in the area surrounding the mouth
(peristome), and may be 1involved
in food handling. They also function
in defense and in cleaning the test.

LIFE HISTORY

Reproduction

Diadema becomes sexually mature
at a variable size, ranging from
about 3 to 6 cm in test diameter.
In the Caribbean, Diadema have been
found in spawning condition throughout



the year, though spawning appears
to be concentrated from late winter
to early summer (Lewis 1966)., Ferti-
lization takes place externally.
Mass spawnings appear to be
commonplace and may be triggered
by spawning up-current that eventually
spreads through a whole population.
Spawning is observed when slender
streams of yellowish eggs or white

sperm are extruded from the top
of the test from five gonopores
surrounding  the  anus. Spawning

may be induced by application of
pressure to the test in the field,
or by the disturbances associated
with collection,

Recruitment

After a planktonic Tlarval life
of unknown duration, Dijadema Tlarvae
settle to the bottom and metamorphose
into tiny sea urchins. They are
first seen when they attain a test
diameter of about 1 cm, within 1
to 2 months after settlement.
Juveniles are secretive, live under
rocks and 1in crevices, and appear
to be very vulnerable to their many
fish predators. Like the adults,
they are most easily seen at night,
when they emerge from their hiding
places to move about and feed.

Growth

Diadema grows rapidly at first--
as fast as 5 mm 1in test diameter
per month immediately after recruit-
ment--and then gradually slows to
1-2 mm per month at a test diameter
greater than 6 cm. Lewis (1966)
who studied two populations of Diadema
in captivity in
that the mean monthly increment
was 3.2 mm for urchins between 10
mm and 30 mm in test diameter and
1.8 mm for those of 30 mm to 50
mm. These rates are within the
range found by Randall et al. (1964)
in the Virgin Islands. Thus, Diadema
attains a
mm in the first year and is 45 to
50 mm in the second year. Growth

rate slows markedly in urchins with
test diameters greater than 6 cm
and the maximum size attained by

Diadema within 3 to 4 years is about

10 cm.

The size frequency distributions
of Diadema measured in the field
are distinctly bimodal, with a broad
range in the Tlargest size class
(Lewis 1966). Given that the urchins
attain maximum size within 3 to
4 years, the larger size class in
any population is 1likely to be an
accumulation of urchins 2 years
old and older. Although it is not
known how 1long Diadema lives, 4
years 1is a reasonable low estimate
if the urchins die when growth ceases.

Behavior in Response to Light

Barbados, found

test diameter of 25-30

Diadema is sensitive to Tlight
and darkness and, like many urchins,
tends to be most active at night.
By day Diadema usually shelters
in crevices in the reef or in large
aggregations in open areas. In
late afternoon, the urchins become
active and forage until dawn. Diadema
may be active by day in areas where
predators are scarce or absent.

Millott (1954) found that Diadema
adapted to the dark avoids Tlight
of 1increasing intensity, and that
light-adapted urchins move  from
shade into light. The nervous system
in the thin skin covering the test
is shielded by the pigment of
superficial melanophores in
light-adapted urchins, At night
the pigment  withdraws, exposing
the nerves and the wurchin becomes
very sensitive to 1light. In 1late
afternoon, light-adapted urchins
become active and move about seeking
lighted areas. They become dark-
adapted during the night and seek
dark shelters as the 1light 1level
increases before sunrise.



Foraging Behavior

Diadema is a generalized herbivore
that exploits a wide variety of
plant foods (Lewis 1964; Ogden and
Lobel 1978; Randall et al. 1964),
Diadema 1is a grazer, scraping the
hard substrate of the reef and
ingesting plant material along with
coral rock. It has been implicated
in the biocerosion of coral vreefs
in the West Indies. Since stomach
contents average over 90% calcium
carbonate, an average population
of Diadema (10/m2) can produce as
much as 5 kg of carbonate sediment
per square meter per year by scraping
the carbonate rock surfaces of coral
reefs. This corresponds to about
1 cm of reef erosion per year (Ogden
1977; Stearn et al. 1977).

The foraging behavior of Diadema

can be studied by using spine tags
such as those described by Carpenter
(1984). After nightly feeding forays,
individuals return with remarkable
fidelity to the same daytime hiding
place. Diadema avoids grazing areas
near the home crevices that have
been grazed the previous night.
In this way the urchins may maximize
their food intake relative to the
production of algae. Carpenter
(1984) showed that homing correlated
positively with predator abundance
and negatively with urchin abundance.
Diadema apparently senses the quality
of a crevice in providing protection
from predators. It vacates
low-quality crevices more readily
than high-quality ones when disturbed.

Diseases

Starting in January 1983 in Panama
and moving through the Caribbean
over the next 1% years, populations
of Diadema were reduced by over
90% by an unprecedented  mass
mortality. The mortality was first
noticed near the Panama Canal and
spread rapidly, following the pattern
of surface currents, to Cayman,
Jamaica, Mexico, Florida, and Bermuda.

Urchins also died along the north
coast of South America and through
the Lesser Antilles (Figure 3).
The mortality was most likely caused
by a pathogen, rather than pollution
or an oceanographic event such as
elevated water temperature. The
evidence for a species-specific
disease pathogen 1is that only one
species of urchin was affected,
and the mortality did not diminish

in severity over long distances
(Lessios et al. 1984a; Hunte et
al, 1986).

The first manifestation of the
disease was sediment sticking to

the normally purple-black spines.
Although it was difficult to observe,
the urchins at this point had already
stopped feeding and moving about
the reef. Patches of skin and spines
sloughed from the test, and the
urchins were rendered vulnerable
to attack by predators. Once bare,
whitish patches appeared on the
test, urchins died within approxi-
mately 4 days.

Some individuals survived. Many
of these had short, stubby spines
where fish had bitten off diseased
spine tips in futile efforts to
prey on the urchin. The stumps
of the old spines rapidly regenerated
new, sharp tips.

Although the cause for the epidemic
remains wunknown, this event, which
is unprecedented in scale and severity

for a tropical marine organism,
has provided a great natural
experiment, Diadema was one of

the most abundant organisms in the
Caribbean region, In  the next
section, the events on Caribbean
reefs following the mortality are
described,

ECOLOGICAL ROLE

Associated Organisms

The young of a number of species
of fishes take shelter in the spines















































