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ABSTRACT: Naturally occurring diseased sea urchins Strongylocentrotus purpuratus were present at
low incidences in the Monterey Bay area, California (USA); they were used to examine the basic
characteristics of disease in sea urchins. Bacteriological sampling of lesion material revealed the
presence of 14 bacterial strains including Vibrio, Aeromonas, Flavobacterium and Pseudomonas. The
14 isolates were characterized and extensively tested for pathogenic potential. Of these bacterial
isolates, only those of Vibrio anguillarum and Aeromonas salmonicida were able to initiate lesion
formation in the laboratory. Experimental lesions induced in the laboratory had similar characteristics
and progression of events as those observed during naturally occurring spontaneous infections.
Experimental infectivity tests determined that a stress such as injury was necessary for the formation of

a characteristic lesion.

INTRODUCTION

Diseases have caused mortalities in many natural
and captive populations of echinoderms (for review see
Jangoux 1984). Most notable have been dramatic mass
mortalities of sea urchins in a variety of localities
(California: Johnson 1971, Pearse et al. 1977; Mediter-
ranean: Boudouresque et al. 1981, Hobaus et al. 1981;
Caribbean and western tropical Atlantic: Lessios et al.
1983, 1984a, b; Nova Scotia: Miller & Colodey 1983,
Scheibling 1984, Scheibling & Stephenson 1984). Les-
sios et al. (1984a) suggested that a water-borne patho-
gen was involved, and laboratory and field experi-
ments by Miller (1985) support that hypothesis. A
pathogenic amoeba, Paramoeba sp., that apparently
destroys muscle and connective tissue, may be the
responsible pathogen, at least for the mass mortalities
in Nova Scotia (Jones et al. 1985).

Echinoids dying in the reported mass mortalities
often posses characteristic lesions on their tests. These
lesions, described by Johnson (1971), Maes & Jangoux
(1984), and Maes et al. (1985), involve a central necro-
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tic region of disorganized skeletal tissue surrounded
by a ring of swollen tissue. Because the necrotic areas
are free of spines and appear denuded, Maes & Jan-
goux (1984) termed the condition the ‘bald-sea-urchin’
disease. The lesions can grow until they perforate the
test and the animal dies, presumably from internal
infection. However, in many cases, growth of the lesion
is checked, the animals recover, and the affected areas
of the test regenerate (Gilles unpubl.).

In addition to being found in sea urchins during
episodes of mass mortalities, lesions have been noted
occasionally on individuals in populations of otherwise
healthy animals (Mortensen & Rosevinge 1934, Pearse
et al. 1977, Maes & Jangoux 1984, Scheibling 1984).
These observations suggest that the pathogens
responsible for lesion formation are normally present.

Diverse microorganisms have been observed in the
necrotic area of the lesions, including masses of bac-
teria, algae, ciliates, nematodes, and microarthropods
(Johnson 1971, Maes et al. 1985). Although Mortensen
& Rosevinge (1934) suggested the pathogen might be a
cyanobacterium, Maes & Jangoux (1984, 1985) isolated
from lesions non-photosynthetic bacteria capable of
causing lesions when inoculated onto artificially
injured test areas of healthy sea urchins.

To understand further the pathogens responsible for
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the lesions on diseased sea urchins, we isolated and
characterized bacteria from lesions found on diseased
individuals collected in field populations of mostly
undiseased animals. The bacterial isolates were used
in a variety of infectivity experiments to determine
their disease-causing ability, and whether any might
be capable of causing mass mortalities.

MATERIALS AND METHODS

Sea urchins. Healthy Strongylocentrotus purpuratus
were collected at low tide from Pigeon Point, San
Mateo county (Lat. 37°06'25'' N, Long. 122°19'30"" W),
California (USA) and transported immediately to the
laboratory. They were maintained in 20 gallon (75.7 1)
glass aquaria supplied with running, sand-filtered,
aerated sea water at 15 to 16 °C and were fed weekly
with pieces of giant kelp Macrocystis pyrifera. Indi-
viduals of 4 to 6 cm diameter were used in these
experiments. During 1981-1982, monthly field surveys
of intertidal and subtidal areas were conducted at
Pigeon Point, Davenport Landing, Point Santa Cruz,
Hopkins Marine Station, and Stillwater Cove (Carmel
Bay) to locate and collect diseased sea urchins. Dis-
eased individuals with lesions similar to those
described by Johnson (1971) and Pearse et al. (1977)
were found, albeit in low incidences of about 1 per
1000 individuals, as reported by Yellin et al. (1977).
These diseased individuals, found among healthy sea
urchins, were collected and examined immediately for
causative agents of the disease (see below). Diseased
sea urchins were also used for experimental infectivity
tests in the laboratory (see below).

Histological examination. Diseased sea urchins were
examined using a dissecting microscope and lesion
material was examined using a Zeiss phase contrast
microscope. Tissues for histological examination
included spines, test, gut, esophagus, axial organ,
gonads, tube feet and pedicellaria. The tissues were
fixed for 48 h in 10 % formalin-sea water, pH 7.5,
decalcified for 4d in a 10 % EDTA solution, dehy-
drated in a series of ethyl alcohol dilutions (70, 80, 90
and 95 %) using 2 changes of 30 min each and embed-
ded in 2-hydroxyethyl methacrylate (Sorvall Embed-
ding Medium, Du Pont Co.). Thick sections (2 mm)
were cut, stained with 1 % toluidine blue O, and
examined with a Zeiss phase contrast microscope.

Bacterial isolation. Media: The artificial marine salts
(AMS) used in this study consisted of 445 mM NaCl,
49 mM MgSO,7H,0, 9 mM KCl, and 10 mM CaCl,
2H,0 (Lara 1970). A semi-solid nutrient medium
(AMS-NA) composed of nutrient agar suspended in
AMS and a liquid medium (AMS-NB) consisting of
dehydrated nutrient broth (Difco) suspended in AMS
were routinely used. Yeast extract peptone (YEP) con-

tained 0.1 % yeast extract (Difco) and 0.5 % peptone
(Difco) suspended in AMS and solidified with 1.5 %
agar. All media used in identification and classifica-
tion of cultures were prepared with AMS except tests
for Na* requirement which used distilled water in
place of AMS. Sea water, used to sample diseased sea
urchins, was sterilized by filtering with 0.45 and
0.22 um Millipore filters and steamed in an autoclave
for 2 h.

Source of isolates: All diseased sea urchins found
(about 100) were rinsed with a 20 s stream of sterile sea
water and sampled in the field. Sterile cotton-tipped
applicator sticks were used to swab lesions of diseased
individuals. The sticks were then used to inoculate
AMS-NA plates by streaking the surface. The inocu-
lated plates were immediately brought to the labora-
tory, incubated at 22 °C for 1 to 4 d, and observed for
the appearance of isolated colonies. Such colonies
were purified by restreaking 3 successive times on
homologous medium before beginning the characteri-
zation program.

Preservation of cultures: Bacterial isolates were
maintained at 4 °C on YEP slants overlaid with sterile
glycerol. After monthly transfers, the stock cultures
were allowed to grow at 22 °C for 1 to 2d and again
placed at 4 °C. When required, stored cultures were
warmed to room temperature, resuspended and cul-
tured in AMS-NB medium for characterization experi-
ments and for use as inocula to infect healthy indi-
viduals.

Bacterial characterization: All biochemical, cellular
and cultural morphological tests, unless otherwise
stated, were incubated at 22 °C. Each pure culture was
tested at least twice, and, in nearly all cases, repeated
a minimum of 3 times by a number of determinative
procedures listed in Table 1.

Sodium requirement: All isolates were tested for
their ability to grow on NA media containing 0, 0.5, 2.5
and 3% NaCl (Sakazake & Balows 1981). Cells
(0.1 ml) from late logarithmic phase cultures were
inoculated onto plates containing the media and incu-
bated for 48 h at 12 and 22 °C.

Temperature sensitivity: Growth at different temper-
atures was recorded in AMS-NA plates inoculated and
incubated at 12, 22 and 37 °C. Observations of growth
were repeated daily for 4 d and up to 2 wk for cultures
incubated at 12 °C.

Sensitivity to vibriostatic agent 0/129: Sensitivity to
0/129 (2,4 diamino-6,diisopropyl pteridine) (Sigma
Chemical Co., St. Louis, Missouri) was determined
using a disc method in which 6 mm discs contained a
concentration of 20 ug of the agent (Furniss et al. 1978,
Gerhardt et al. 1981). Control plates without 0/129 and
experimental plates were incubated 24 h before read-
ing sensitivities.
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Table 1. Characteristics® of bacteria isolated from lesions of diseased Strongylocentrotus purpuratus

Characteristics

Vibrio

anguillarum

1

2

3

Aeromonas
salmonicida

1

2

Flavobacterium spp.

3 4 5 6

Pseudo-
monas

1

Gram stain
Pigment**
Motility
Flagella (polar)
Plasmid DNA
Temperature sensitivity:
37°C
22°C
12°C
Glucose metabolism
Gas from glucose
Carbohydrate utilization:
Amygdalin
Maltose
Mannitol
Dextrose
Saccharose
Sucrose
Arabinose
Melibiose
Sorbitol
Inositol
Lactose
Rhamnose
Antibiotic sensitivity:
Chloramphenicol
Polymyxin B
Ampicillin
Naladixic acid
Penicillin
Erythromycin
Tetracycline
Streptomycin
Biochemical tests:
Gelatin liquefaction
H,S production
Nitrate reduction
Arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Vogues-Proskauer
Indole
Urease
Citrate
Oxidase
Catalase
ONPG
Tryptophane deaminase
Salt requirement (0.5 %)
Starch hydrolysis
Chitinase
Lipase
Protease
TSBS
Vibriostat 0/129
Bioluminescence
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* + positive, present or sensitive; — negative, not present or resistant; U, undetermined; F, fermentative; O, oxidative
** d, diffusible brown on tyrosine media; br, brown; yo, yellow-orange; t, tan; o, orange; y, yellow; p, pinkish
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Oxidase: After growth on AMS-NA, reaction of the
isolates was examined using a 1 % aqueous solution of
the tetramethyl-p-phenylenediamine-HCI reagent by
transferring each culture with sterile wood sticks to
reagent-soaked filter paper according to the method of
Kovacs (1956).

Growth characteristics: Pigmentation and colonial
characteristics were established for cultures grown on
solid (AMS-NA) and liquid (AMS-NB) media for 24 to
48 h. Soluble pigment production of presumptive
Aeromonas isolates was recorded after growth on
AMS-NA supplemented with 0.1 % tyrosine (Sakazake
& Balows 1981). Growth on thiosulfate-citrate-bile
salts-sucrose (TCBS) agar (Difco) was determined and
the capability to bioluminesce was tested according to
the method of Ruby & Nealson (1978).

Motility, morphology and flagellation: Cell motility
and morphology was determined from exponential
phase cultures grown on AMS-NA solid media and in
AMS-NB liquid media by examination with a Zeiss
phase contrast microscope as well as growth charac-
teristics on motility media. Observation of morphology
was repeated after Gram reaction. Gram reaction was
performed on late exponential cultures (Gerhardt et al.
1981) and each isolate was examined for flagella using
the method of Mayfield & Inniss (1977). Additionally,
each isolate was negatively stained according to the
methods described by Koga et al. (1982), Chow & Rouf
(1983) and Allen & Baumann (1971), and each isolate
was observed in a Siemens 1A transmission electron
microscope at an accelerating voltage of 60 kV.

Carbohydrate utilization: Carbohydrate utilization
and producttion of acid and gas were determined by
inoculation of tubes of Bacto Phenol Red broth base
(Difco) containing AMS and 1 % carbohydrate (Sigma)
and an inverted inner vial. Thirteen carbohydrates
were tested. Each culture was incubated at 12 and
22 °C, and examined at 1, 7, 14 and 28 d for acid and
gas production.

Enzyme production: Amylase production was de-
tected according to the method of Gerhardt et al. (1981)
by observation of starch hydrolysis on plates flooded
with Gram's iodine solution. In an effort to establish
whether isolates could produce chitinase, cultures
were inoculated onto solid media containing AMS,
2 % chitin and 1.5 % agar, and observed at intervals up
to 40d for clearing around colonies (Lear 1963).
Gelatinase production was detected by observation of
gelatin (Sigma) tubes for liquefaction after 7 d (Brad-
shaw 1973). Lipase production was determined follow-
ing the method of Gerhardt et al. (1981), using Tween
80 (Sigma) prepared with AMS by observing a precipi-
tate of calcium oleate surrounding colonies after 2 to
6 d incubation. Protease production was determined
after 7 d incubation, by observation of clear areas

around colonies grown on milk agar (Sizemore &
Stevenson 1970).

Plasmid analysis: Plasmids were detected in the iso-
lates using 3 plasmid isolation techniques (Gilles
1984). After agarose gel electrophoresis, plasmid
bands were visualized on an Ultra-violet Trans-
illuminator (Model TM-15, Ultra-violet Products Inc.,
San Gabriel, Calif.) and photographed using a Polaroid
MP-3 camera on type 667 Film (Polaroid Corp., Cam-
bridge, Mass.).

Antibiotic sensitivity: Sensitivity to antibiotics was
determined by disk tests (Bacto-sensitivity disks,
Difco) and evaluated on the basis of zone diameter
interpretive standards in the manufacturers instruc-
tions. The following drug susceptibility testing disks
were used: chloramphenicol (30 ug), polymyxin B
(300 U), ampicillin (10 pg), naladixic acid (30 ug),
penicillin (10 U), erythromycin (15 ug), tetracycline
(30 ng) and streptomycin (10 pg).

Rapid multitest system: The API 20E diagnostic kit
(Analytab Products, Plainview, N.Y.) was used with the
salinity of the suspending AMS fluid adjusted to 20 %o
(MacDonell et al. 1982). Colonies for inocula were late
logarithmic phase cultures suspended in the dilute
sterile AMS solution. Aliquots of this suspension were
placed in each test microtubule, incubated 24 h at
22 °C, and results interpreted according to the man-
ufacturers methodology.

Experimental infection. Sea urchins of ca 4 cm
diameter were acclimated for 1 wk in individual
400 ml plastic containers supplied with running fil-
tered sea water at ambient temperature (14 to 16 °C), in
the laboratory sea table. They were fed kelp twice
during the week before experimentation. All manipu-
lations were performed at room temperature (ca 19 °C)
and urchins were returned immediately to the running
sea water table unless otherwise stated. All sea urchins
used in these experiments were washed by holding
them with sterile forceps and running a stream of
sterile sea water (0.22 um Millipore filtered) over them
for 20s. They were examined daily for 2 wk and
weekly thereafter for 3 mo.

Experiments to initiate disease in healthy sea urchins
included: (1) transfer of lesion material from sick to
healthy individuals; (2) close contact between diseased
and healthy individuals; (3) inoculation of bacterial
isolates directly onto the sea urchin epithelium. To
determine whether a stress such asinjury was necessary
for lesion formation, experimental sea urchins were
abraded mechanically using a sterile scalpel blade
prior to their exposure to infectious material. Abrasions
of 3 X 6 mm were made on the aboral surface of the
urchin using the madreporite as a reference point.

Lesion transfer: Lesion material was lifted from dis-
eased sea urchins using a sterile applicator stick and
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Fig. 1. Strongylocentrotus purpuratus. (A) Characteristic appearance of a lesion on a diseased individual showing the dark,
friable material in the center surrounded by a swollen, shiny membrane enclosed outer part. (B) Photograph of a dried test of a
diseased urchin (after death) showing a lesion area which had eroded and flaked away. Markers represent 0.4 um
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placed on the epithelial surface of healthy, non-
abraded and healthy, mechanically abraded individu-
als. Control urchins were also abraded but no lesion
material was placed on the abrasions. All groups con-
tained 5 individuals each. The sea urchins were placed
in individual 400 ml plastic containers set in the sea
table and supplied with running sea water.

Close contact: Experimental groups consisted of: (1)
diseased urchins placed in close contact with healthy,
mechanically abraded individuals, and (2) diseased
urchins placed with healthy, non-abraded individuals.
Control groups were: (1) healthy, mechanically
abraded urchins together; (2) healthy, non-abraded
urchins together. Pairs were placed together in 400 ml
plastic containers set in the sea table and supplied
with running sea water.

Bacterial virulence: Pure bacterial cultures were
used as an inoculum applied directly onto the sea
urchin surface epithelium. Fourteen cultures were pre-
pared by growing each test organism on AMS-NA at
22 °C. A 3 mm colony was picked with a sterile wood
applicator stick and placed directly on the epithelial
surface of mechanically abraded and intact individu-
als. Inoculated sea urchins were wrapped in wet news-
papers, incubated at 20 °C for 1h, and returned to
400 ml plastic containers in the sea table. Groups of 7
were abraded and inoculated for each isolate; in addi-
tion, groups of 7 individuals were inoculated but not
abraded. Control urchins were abraded but not inocu-
lated. Bacteria were recovered from lesion material
using the methods described. Colonies, resembling the
Vibrio and Aeromonas isolates used as inocula, were
confirmed by Gram staining, colonial morphology on
solid media, TCBS and 1 % tyrosine media, the oxid-
ase test, 0/129 and arginine, lysine and ornithine reac-
tions and test results using the API 20E diagnostic kit
system (Gilles 1984).

RESULTS
Disease characteristics

Fig. 1 A shows the characteristic features of spine
loss and lesion formation in diseased sea urchins. The
central area of the lesion developed a loosely aggre-
gated, dark friable material which was surrounded by
a swollen area as noted by Johnson (1971), Maes &
Jangoux (1984) and Maes et al. (1985). Examination by
phase microscopy of the dark friable material revealed
the variety of microorganisms including ciliates, cope-
pods, amphipods, nematodes and bacteria as observed
in Fig. 2. No amoebae or fungi were seen. Examination
of the swollen area indicated prominent red granule
and vibratile-like cells normally found in the coelomic
fluid of the sea urchin; however, this swollen area was

Fig. 2. Variety of microorganisms contained in the friable

lesion material from diseased urchins, observed using phase

contrast microscopy. (A) Ciliates (marker: 10 um); (B) Bacteria

(marker: 2 um); (C) Nematode (marker: 2 um); (D) Ciliate
(marker: 3.1 um)

Fig. 3. Strongylocentrotus purpuratus. Thick section of tissue

surrounding the base of the spines of diseased individuals,

showing massive bacterial infestation in muscle and connec-
tive tissue. Marker: 5 um
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Table 2. Strongylocentrotus purpuratus. Results of transfer of lesion material from diseased to healthy individuals

Group No. of Lesion development
urchins 24 h 2d 2 wk
Experimental: lesion material placed on
healthy urchins
(1) Epithelium mechanically abraded 5 Characteristic Progression similar Bare test exposed
lesion formed to natural lesions
(2) Epithelium not abraded 5 No lesion formed, Same as at 24 h No evidence of
‘excretion’ lesion formation
observed*
Control: no lesion material added
(3) Epithelium mechanically abraded 5 Small red clot Regeneration of Complete healing
tissues
* The ‘excretion’ observed was similar to the description by Hobaus (1979) where spheroids bud off from the epithelial
surfaces. These bodies probably represented spent phagocytes containing waste products

not infested with microorganisms. Examination of his-
tological thick sections revealed massive bacterial
invasion of the tissue around the base of the spines
(Fig. 3). Progression of the disease resulted in erosion
and flaking of the test (Fig. 1B). Other characteristics
associated with diseased sea urchins included: edema,
weak tube feet adherence, peeling epithelium and
impaired ability of the urchin to right itself.

Internal changes observed in diseased sea urchins

100

Formation

50—

% Lesion

V-1 V-2 v-3 A-1  A-2

Bacterial Isolate

Fig. 4. Percent lesion formation by the 3 isolates of Vibrio
anguillarum (V-1, V-2, V-3) and the 2 isolates of Aeromonas
salmonicida (A-1, A-2) obtained from lesions on diseased
Strongylocentrotus purpuratus. Lesions developed after an
inoculum (see text) was placed onto the mechanically
abraded epithelial surface of the urchin. Seven mechanically
abraded and 7-intact urchins per bacterial isolate were tested.
None of the urchins with intact epithelium developed lesions
when inoculated with these isolates

included a massive increase of cell clumping in the
circulation, phagocytosis, and excretion by constrict-
ing off spheroids (Hobaus 1979) from gill structures,
tube feet and other external surfaces.

Bacterial isolation

A total of 14 strains of bacteria was isolated and
purified from lesions on all diseased sea urchins col-
lected; on the basis of morphological, physiological
and biochemical properties given in Table 1, they were
designated as 3 strains of Vibrio anguillarum, 2 strains
of Aeromonas salmonicida, 8 strains of Flavobacte-
rium, and 1 strain of Pseudomonas.

Experimental infection

Lesion transfer: Lesions formed on healthy sea
urchins only if the external epithelium was mechani-
cally abraded before transfer (Table 2). All 5 of the
healthy, mechanically abraded individuals developed
a lesion within 24 h. The appearance of experimentally
induced lesions was similar to that of naturally occur-
ring lesions and followed a similar progression, includ-
ing spine loss, necrosis of tissue, presence of microor-
ganisms, edema, and erosion and denuding of the test.
However, none of the urchins with experimentally
induced lesions died as a result of disease under these
experimental conditions. They recovered with regen-
eration of spines and other tissues by the end of the
3 mo test period. Little effect was demonstrated on the
non-abraded individuals or the control group.

Close contact: Results from the close contact experi-
ment demonstrated a similar requirement for prior
wounding (Table 3). However, the lesions which de-
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Table 3. Strongylocentrotus purpuratus. Results of close contact between diseased and healthy individuals

Group No. of Experimental period
urchins 24 h 2d 2 wk
Experimental: 1 of each pair diseased*

(1) One urchin with lesions, other 10 Tiny, scattered Progression similar Regeneration of
urchin with epithelium lesion formation to natural lesions normal structures
mechanically abraded

(2) One urchin with lesions, other 10 No effect - -
urchin with non-abraded
epithelium

Control: no diseased urchins in pairs

(3) Urchins with epithelium 6 Small red clot in all Regeneration of Complete healing
mechanically abraded urchins of each pair tissues

(4) Urchins with non-abraded 6 No effect - -
epithelium

* Only effects on healthy urchins were noted; in all cases urchins with lesions healed during the experimental period

veloped on these mechanically abraded urchins in
close contact with diseased urchins were tiny and
showed healing by 2 wk. As observed with the lesion
transfer urchins, little effect was demonstrated on the
non-abraded individuals or the control groups.

Bacterial virulence: Mechanical abrading was again
necessary for lesion development after bacterial inocu-
lation. Moreover, the only mechanically abraded
urchins which developed characteristic lesions were
those inoculated with isolates of Vibrio anguillarum
and Aeromonas salmonicida (Fig. 4) indicating that
these bacteria are highly infectious when epithelium is
mechanically abraded. Bacteria recovered from the
experimentally infected sea urchins were confirmed to
be V. anguillarum and A. salmonicida depending on
the infecting bacterial strain, thereby fulfilling Koch'’s
postulates. The other isolates were not recovered from
the experimentally infected animals and they did not
cause lesion development when applied to the
wounded surface of the sea urchin.

DISCUSSION

During this study a low incidence of diseased sea
urchins Strongylocentrotus purpuratus was found in
healthy populations in the Monterey Bay area, Califor-
nia, as Yellin et al. (1977) reported; the populations
observed did not suffer an episode of massive infection
and death. Nevertheless, the lesions we found were
similar to those which occurred during the massive
infections described by Johnson (1971), Pearse et al.
(1977), Boudouresque et al. (1981) and Hobaus et al.
(1981). Moreover, as found by Maes & Jangoux (1984,
1985) lesion material was infectious and caused forma-
tion of characteristic lesions when transferred, onto

abraded surfaces of healthy urchins. Only the isolates
of Vibrio anguillarum and Aeromonas salmonicida
were virulent for abraded epithelial surfaces of the sea
urchins. Because sea urchins did not die as a result of
the experimental treatments used in this study, it is
possible that the dosage applied was too small or the
bacteria were not highly virulent strains. Moreover,
because the urchins did not die and the bacteria only
affected abraded areas of the test, these bacterial
strains may not be the pathogens responsible for
observed mass mortalities.

It is well established that species of all 4 genera of
bacteria isolated from the lesions (Vibrio, Aeromonas,
Flavobacterium, Pseudomonas) are common and found
in substantial numbers in the marine environment
where they may occur on surfaces of marine animals
(Colwell & Liston 1960, Baumann & Baumann 1977,
Bonde 1977, Unkles 1977, McCarthy & Roberts 1980,
Palleroni 1981, Gilles 1984). Bonde (1977) reported
that both Vibrio spp. and Aeromonas spp. are fre-
quently found in sediments and marine waters, even in
relatively unpolluted areas. McCarthy & Roberts (1980)
suggested that Aeromonas spp. may contaminate muds
or sediments as a result of an epizootic event and
survive for considerable periods of time by metaboliz-
ing sediments. DiSalvo et al. (1978) documented the
presence of large numbers of V. anguillarum in the
hatchery culture system during a disease outbreak at
the Pigeon Point Shellfish Hatchery near the area
where some of the diseased sea urchins used in this
study were collected.

In a study describing normal bacterial flora of sea
urchins, Holland & Nealson (1978) reported uniden-
tified and apparently non-pathogenic bacteria be-
tween cuticle and epidermal cells of Strongylocen-
trotus purpuratus. They found no evidence that these
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bacteria invaded the cuticle from the outer surface, nor
did they find that these bacteria were associated with
cuticular lesions. Another study describing normal
bacterial flora of sea urchins isolated some 85 strains of
bacteria from Echinus esculentus, of which Vibriospp.
and Pseudomonas spp. predominated (Unkles 1977).
None of these were demonstrated by Unkles to be
pathogenic.

Relatively little work has been done on the diseases
of echinoderms (Jangoux 1984). Although Maes & Jan-
goux (1984, 1985) harvested bacteria from lesions on
diseased sea urchins and used them for infectivity
experiments, they did not isolate or characterize the
bacteria. We show that Vibrio and Aeromonas are
among the probable etiological agents of lesion forma-
tion in sea urchins. The pathogenicity of both Vibrio
anguillarum and Aeromonas salmonicida has been
well established for many other marine organisms
including eels (Bergman 1909); salmon (Scott 1968,
Evelyn 1971a, b, Novotny et al. 1975, Harrell et al.
1976, Hahnel & Gould 1982); oysters (Mackin 1961,
Tubiash et al. 1970, Brown & Losee 1978, DiSalvo et al.
1978, Leibovitz 1979, Elston 1981); shrimp (Lightner &
Lewis 1975); and lobsters (Bowser et al. 1981). Thus,
considering the ubiquitous nature and well-known
pathogenicity of the vibrios and aeromonads, it is not
surprising that they should also be implicated in dis-
eases of sea urchins.

Whether these bacteria are responsible for the
reported mass mortalities of sea urchins remains unre-
solved. In the descriptions of mass mortalities of sea
urchins in Nova Scotia, lesions were not found
(Scheibling 1984, Jones et al. 1985). Jones et al. (1985)
further describe internal destruction of muscles and
connective tissue that result in the flaccid tube feet and
disheveled spines in individuals in early phases of the
mass mortality disease. They suggested that these
symptoms may be due to a pathogenic amoeba Para-
moeba sp. Lesions, if they form during mass mortality,
may only develop after some of the spines are shed and
provide substrate for lesion-causing bacteria. Thus, the
bacteria could be a secondary event associated with
mass mortalities. Similarly, lesions found infrequently
on animals in otherwise healthy populations, could be
the result of bacterial infections due to superficial
damage to the test. Considering the ability of lesion-
infected animals to recover, the lesions that we
observed may not usually lead to the urchin’'s death.

Further studies on the role of pathogenic bacteria,
amoebas and other agents are needed before the
causes of mass mortalities can be established.
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