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ABSTRACT: Mass mortalities of Strongylocentrotus droebachiensis, attributed to disease, have 
occurred along the Atlantic coast of Nova Scotia from 1980 to 1982. An amoeboid protist has been 
tentatively identified as the pathogenic agent. Temperature appears to play an important role in 
triggering epizootics and determining the extent of mortality. Epizootics have occurred in the 
autumn of each year during months of record high temperatures. The virtual elimination of 
echinoids over a large area of coast has enabled regeneration of kelp beds. Disease may play a key 
role in determining the structure and stability of benthic communities off Nova Scotia and 
elsewhere by controlling echinoid abundance. 

INTRODUCTION 

A growing  body of empir ica l  observat ions  and theore t ica l  s tudies indicate  that 

natural  communi t ies  may have  mul t ip le  s table states (see rev iews  by Suther land,  1974; 
May, 1977). That  is, a l ternat ive  communi ty  structures, exh ib i t ing  some deg ree  of stabil- 

ity or persistence,  may exist in different  p laces  at the same t ime or in the same p lace  at 

different times. In rocky subt idal  habitats,  a l te rna t ion  of f leshy macroa lga l  communi t i e s  

(kelp beds) and ech ino id -domina ted  coral l ine algal  communi t i e s  (barren grounds) is 

media ted  by echinoid  graz ing  (see rev iews  by Lawrence,  1975; Lawrence  & Sammarco,  

1982). An examina t ion  of factors control l ing echinoid  popula t ion  dynamics  is of pr imary  

importance in unders t and ing  the dynamics  and assess ing the stabil i ty of these  al terna-  
tive communit ies .  

The t ransformation of ke lp  beds  to bar ren  grounds may  occur due  to a reduct ion  in 

echinoid  predators,  usual ly  associated with  h u m a n  in te rvent ion  (Mann, 1977; S imens tad  
et al., 1978; Duggins,  1980). There  is ev idence  that  overf i sh ing  of the lobster, Homarus 
americanus, may have  resul ted  in inc reased  densi t ies  of the echinoid,  Strongylocen- 
trotus droebachiensis, and des t ruct ive  g raz ing  of ke lp  beds  off the coast  of N o v a  Scotia 
(see reviews by Mann,  1977, 1982; Whar ton  & Mann,  1981). Recent  mass  morta l i t ies  of 

S. droebachiensis at t r ibuted to d isease  (Miller  & Colodey,  1984; Sche ib l ing  & S tephen-  

son, 1984) have  reversed  this process:  ke lp  beds  are r e g e n e ra t i n g  in areas  whe re  
echinoids  have  d ied  off. 

This paper  rev iews  recent  s tudies on the e t io logy and eco logy  of the d isease  of 
Strongylocentrotus droebachiensis and examines  the potent ia l  regula tory  role  of d i sease  

in de te rmin ing  structure and stabil i ty in the rocky subt idal  communi ty  off Nova  Scotia 

and in other  benth ic  communi t i e s  domina t ed  by g raz ing  echinoids.  
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GEOGRAPHIC DISTRIBUTION OF EPIZOOTICS: 1980-1982 

Between  1980 and  1982 outbreaks  of disease devasta ted popula t ions  of Strongy- 
locentrotus droebachiensis along the entire Atlant ic  coast of Nova Scotia (Fig. 1). Mass 
mortal i t ies of echinoids  first were observed be twe e n  Halifax Harbour  and  St. Margaret 's  
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Fig. I. Map of Nova Scotia showing locations referred to in text. Outer bracket delineates recorded 
range of mass mortalities of Strongylocentrotus droebachiensis from 1980 to 1982. Inner bracket 

delineates area of heaviest mortality in 1981 (after Miller & Colodey, 1983) 

Bay in  the a u t u m n  of 1980 (Wharton, Biomarine Consul t ing,  Halifax, unpubl ,  report; 
Mil ler  & Colodey, 1983). In the a u t u m n  of 1981, d iv ing  surveys recorded near  complete 
mortal i ty of echinoids  be tween  Medway  Harbour  and  Ship Harbour,  and  aerial  surveys 
of accumula t ions  of echinoid  tests on beaches  indica ted  at least  part ial  mortal i ty as far as 
Louisburg a long the nor theas tern  coast (Miller & Colodey, 1983). In the au tumn  of 1982, 
d iv ing  surveys recorded mass mortal i t ies of echinoids  a long  the southwestern  coast from 
Barr ington Bay to Eagle Head  (Moore & Miller, unpubl ,  data; Scheib l ing  & Stephenson,  
1984), and  aer ial  surveys indica ted  further mortal i t ies  a long the nor theas tern  shore from 
Seaforth to Chedabucto  Bay (Moore & Miller, unpubl ,  data). 

In 1980 and  1982, echinoid  mortal i t ies  genera l ly  were highest  in nearshore, shallow 
(< 5 m) areas (Wharton, unpubl ,  report; Sche ib l ing  & Stephenson,  1984). This may be 
associated with a h igher  densi ty  of echinoids  nearshore  (Miller & Colodey, 1983; 
Sche ib l ing  & Stephenson,  1984). In 1981, Miller  & Colodey (1983) reported near  com- 
plete  mortal i ty in  a variety of rocky habi tats  from 0-13 m depth. In 1982, d iving surveys 
nea r  the head  of Halifax Harbour  ind ica ted  that echinoids  were absent  above 25 m but  
a b u n d a n t  at greater  depths (at least to 35 m; Scheibl ing,  unpubl ,  data). 
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CHARACTERISTICS OF DISEASE 

Overt symptoms of the disease of Stronffylocentrotus droebachiensis indica te  a 
general  loss of per iphera l  muscular  control, i nc lud ing  inabi l i ty  to ex tend  tube  feet, 
spines and pedicel lar ia  (tactile s t imula t ion  elicits little or no response), and  gap ing  of 
the peristome and  jaws of Aristotle 's lantern.  This is followed by progressive spine loss 
and necrosis of the epidermis.  In nature,  d iseased echinoids  usua l ly  occur aboral-s ide-  
down and  una t tached  to the substratum. 

Throughout  the year, a small  proport ion (< 5 %) of echinoids  have localized necrot ic  
areas of test devoid of spines,  pedice l lar ia  and  epidermis  (Scheibl ing & Stephenson,  
1984). These les ioned areas are darkly  p i g m e n t e d  and  test plates  may be  layered and  
friable. The lesions genera l ly  range  from a few mil l imeters  to 2 cm in diameter .  The 
remain ing  area of the test appears  normal  and  the an imals  can attach to the substratum, 
feed and right themselves  when  inverted.  Fol lowing epizootics, recover ing echinoids  
may have extensive les ioned areas of test. These may represent  secondary  infections 
associated with spine loss and  abrasion.  

Li et al. (1982) found that t issues of d iseased Strongylocentrotus droebachiensis 
were heavi ly  infected by an amoeboid  protist, ten ta t ive ly  classified as Labyrinthomyxa 
species. They observed edematous  lesions and  numerous  spherical  cysts con ta in ing  
amoeboid infective uni ts  in both digest ive tract and  gonadal  tissues. High concentra-  
tions of coelomocytes were observed in  tissues heavi ly  da ma ge d  by the infection. 
Recently, Jones, Hebda  & Scheib l ing  (in prep.) found extensive degenera t ion  of muscle  
and connect ive tissue of the spine base, tube  feet and  ampul lae  of diseased echinoids.  
They observed amoebae  more closely r e sembl ing  Paramoeba in  these t issues and  wi th in  
the vascular  and  coelomic fluids. 

THE ROLE OF TEMPERATURE 

Mass mortali t ies of Strongylocentrotus droebachiensis occurred each year  dur ing  a 
2-3 month per iod (be tween August  and  November)  shortly after the peak  (15°-18 °C) in 
the annua l  cycle of seawater  t empera ture  (Miller & Colodey, 1983; Sche ib l ing  & 
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Fig. 2. Bottom temperature (open triangles, dashed lines) and percentage frequency of morbid 
StrongyIocentrotus droebachiensis (solid circles, solid line) at Eagle Head Station 1 (after Scheib- 

ling & Stephenson, 1984) 
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S tephenson ,  1984; Fig. 2). The  t ransmiss ion  a n d  p rogres s ion  of d i s ease  is r ap id  and  
mor ta l i ty  rate  is h igh  at  this  t ime  (Sche ib l ing  & Stephenson ,  1984; Fig. 3). As seawate r  
t e m p e r a t u r e  drops,  the  t r ansmiss ion  and /o r  p rogress ion  of d i sease  slows; be low 
10°-12 °C it is a r res t ed  and  af fec ted  ech ino ids  m a y  recover .  Echinoids  in deeper ,  co lder  
wa te r s  m a y  have  a t e m p e r a t u r e  refuge  from disease .  
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Fig. 3. Percentage mortality (solid circles, solid lines) and median time to morbidity (open triangles, 
dashed line) for Strongylocentrotu$ droebachiensis exposed to morbid conspecifics as described in 
Scheibling & Stephenson (1984). No morbidity/mortality occurred in control groups of echinoids 

exposed to healthy conspecifics 

The rma l  stress pe r  se does  not  i nduce  morb id i ty  in Strongylocentrotus droebachien- 
sis wi th in  its t o l e rance  l imits.  Ech ino ids  e l e v a t e d  to t e m p e r a t u r e s  of up  to 22 °C in the  
l abora to ry  d id  not  deve lop  d i sease  symptoms  unless  e x p o s e d  to d i s ea sed  conspecif ics  
(Fig. 2). Ech ino ids  exh ib i t i ng  in i t ia l  symptoms  of d i s ease  (after exposure  to d i s e a s e d  
conspecif ics  at 16 °C} recovere~l w h e n  p l a c e d  in s e a w a t e r  --< 8 °C (Sche ib l ing  & Stephen-  
son, 1984). After  5 months  at  5°-10°C, they  were  e l e v a t e d  to 18°C. With in  1 week ,  they  
r e d e v e l o p e d  d i s ea se  symptoms  and  d i e d  (Scheib l ing ,  unpubl ,  data).  These  resul ts  
sugges t  that,  once  infected,  ech ino ids  m a y  ha rbour  a p a t h o g e n i c  agen t  over  winter .  High  
t e m p e r a t u r e s  in s u m m e r  and  au tumn  m a y  t r igger  p a t h o g e n i c i t y  by  de c r e a s ing  ech ino id  
res i s tance  and /o r  i nc r ea s ing  a g e n t  v i ru lence .  This  w o u l d  resul t  in recur ren t  epizoot ics  
du r ing  p e a k  t e m p e r a t u r e s  as long  as  chron ica l ly  in fec ted  an ima l s  remain .  

Sche ib l i ng  & S t ephenson  (1984) s h o w e d  that  the  ex ten t  of d i s e a se - r e l a t e d  morta l i ty  
in Strongylocentrotus droebachiensis b e t w e e n  1980 and  1982 was  cor re la ted  with the 
m a g n i t u d e  and  du ra t ion  of t e m p e r a t u r e s  above  the  lower  t e m p e r a t u r e  th reshold  for 
t ransmiss ion  and /o r  p rogress ion  of the  d isease .  Mass  mor ta l i t i es  in these  years  occurred 
du r ing  months  of r eco rd -h igh  s e a w a t e r  t e m p e r a t u r e s  (Fig. 4). There  is anecdo ta l  evi-  
d e n c e  that  mass  mor ta l i t i es  of ech ino ids  occur red  ~ 30 yea r s  ago  off sou thwes te rn  Nova 
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Scotia coincident  with a period of h igh seawater  tempera tures  off the Scotian Shelf 
(Scheibling & Stephenson,  1984). Recent ly mass mortal i t ies  of the inter t idal  asteroid 
Heliaster kubiniji in  the Gulf  of Cal ifornia  have  b e e n  a t t r ibuted  to outbreaks  of disease 
dur ing  periods of abnormal ly  h igh  seawater  t empera tures  in  the wes te rn  Pacific {Dun- 
gan  et al., 1982}. 
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Fig. 4. Deviation of monthly mean sea surface temperatures in Halifax Harbour for August through 
to November, 1970-1982, from long-term (1926-1967) monthly means. Arrows indicate outbreaks of 
mass mortality of Strongylocentrotus droebachiensis7 circles indicate months of record high temper- 

atures (from Scheibling & Stephenson, 1984) 

THE IMPACT OF DISEASE ON ECHINOID POPULATIONS 

Miller  & Colodey (1983) es t imated that nea r  complete  mortal i ty  of Strongylocen- 
trotus droebachiensis (> 99 % of biomass) exceeded  84,000 t f reshweight  over 160 km of 
shorel ine in  1981. Sche ib l ing  & Stephenson  {1984} es t imated that 70 % mortal i ty  of 
echinoids in  a nearshore  area in  1982 resul ted  in  a decrease  in  echinoid  biomass  of 2 kg 
fresh weight  m -2. They  found that  mortal i ty was h ighes t  in  adul t  echinoids  (:> 20 cm test 
diameter) resul t ing in 73 % decrease in  the reproduct ive potent ia l  of the populat ion.  
Differential mortali ty also caused a shift in  the size f requency dis t r ibut ion of the 
populat ion from un imoda l  to b imoda l  (Scheibl ing & Stephenson,  1984}. 

Mortality of Strongylocentrotus droebachiensis may be directly or indirect ly  re la ted  
to disease. Crabs (Cancer irroratus, Carcinus maenas) and  asteroids (Asterias vulgaris, 
Henricia sanguenolenta) scavenge  morbid  echinoids  du r ing  epizootics. Predat ion may 
become an  important  cause of mortal i ty  at tempera tures  be low 10°C w h e n  affected 
echinoids may recover, bu t  r ema in  temporar i ly  debi l i ta ted.  Laboratory exper iments  
indicate  the rock crabs (Cancer irroratus) and  asteroids (Asterias vulgaris), given  a 
choice be tween  heal thy  and  diseased Strongylocentrotus droebachiensis, feed almost  
exclusively on morbid  echinoids  and  at a much  h igher  rate than  crabs and  asteroids 
offered only heal thy echinoids  (Scheibling,  in  prep.). Feed ing  exper iments  us ing  nar-  
cotized, heal thy echinoids  indicate  that disease may  increase  vu lnerab i l i ty  to p reda t ion  
by inact ivat ing natura l  defence mechanisms.  Another  cause of mortal i ty in  diseased 
echinoids is abras ion and  d i sp lacement  by wave action. Affected echinoids  lose all 
a t tachment  and  may be swept across the rocky subs t ra tum by wave surge and  deposi ted 
upon  shore. 

The pa thogen  of Strongylocentrotus droebachiensis appears  to be  relat ively host 
specific. There  is no ev idence  that co-occurring echinoderms,  i nc lud ing  i r regular  
echinoids (Echinarachnius parma), ophiuroids (Amphiopholis squamata) and  asteroids 
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(Asterias vulgaris, Henricia sanguinolenta) are  affected (Wharton unpubl ,  report;  
Sche ib l i ng  & Stephenson ,  1984). As tero ids  and  rock crabs  that  s c a v e n g e d  morbid  
urchins  in the  l abora to ry  showed  no ill  effects (Sche ib l ing  & Stephenson,  1984; Scheib-  
l ing,  in prep.) .  

THE IMPACT OF DISEASE O N  THE ROCKY SUBTIDAL COMMUNITY 

Breen & M a n n  (1976) showed  that  even  low dens i t i es  of Stronoylocentrotus 
droebachinesis could  ma in ta in  ba r ren  g rounds  by  the i r  g r az ing  activity.  The vir tual  
e l imina t ion  of ech ino ids  by  epizoot ics  a long  ex tens ive  tracts of coast l ine  has  e n a b l e d  a 
r a p i d  reco lon iza t ion  of the  rocky sub t ida l  by  f leshy macroa lgae .  Luxur ient  ke lp  beds  
have  b e e n  r e - e s t a b l i s h e d  in a reas  a round  Hal i fax  Harbour  and  St. Marga re t ' s  Bay wi th in  
3 years  of the  ech ino id  mass  morta l i t ies .  

These  events  sugges t  that  d i sease  is a key  m e c h a n i s m  unde r ly ing  l a rge-sca le  
osc i l la t ions  b e t w e e n  the two a l t e rna t ive  s ta tes  of the  sub t ida l  system: ke lp  beds  and  
e c h i n o i d - d o m i n a t e d  ba r r en  g rounds  (Fig. 5). The per iod ic i ty  of such osci l la t ions  is in the 
order  of d e c a d e s  as i nd i ca t ed  by  f luc tuat ions  in ke lp  and  ech ino id  b iomass  in St. 
M a r g a r e t ' s  Bay, Nova  Scotia. In the  la te  1960's, K. H. M a n n  and  co l l eagues  desc r ibed  
w h a t  a p p e a r e d  to be  a s t ab le  k e l p  b e d  sys tem in the  bay  (Mil ler  et  al., 1971; Mann,  
1972a, b). However ,  in the ea r ly  1970's e x p a n d i n g  popu la t ions  of Stronoylocentrotus 
droebachiensis formed dense  f eed ing  a g g r e g a t i o n s  which  des t ruc t ive ly  g razed  the ke lp  
and  t rans formed  the rocky sub t ida l  into e c h i n o i d - d o m i n a t e d  ba r r en  grounds.  Kelp and  
o ther  f leshy  m a c r o a l g a e  on ly  occur red  in cer ta in  refuges,  such as  the  wave -ba t t e r ed  
infra l i t tora l  fr inge,  w h e r e  ech ino ids  could  not  g raze  effectively.  In the  au tumn of 1980, 
an  ou tb reak  of d i s ease  m a r k e d l y  r e d u c e d  ech ino id  dens i ty  in par t s  of the  bay.  In the 
au tumn  of the  fo l lowing  year ,  r e m a i n i n g  ech ino ids  were  e l i m i n a t e d  by  a recur rence  of 
the  d isease ,  a l l o w i n g  the r e g e n e r a t i o n  of f leshy  macroa lgae .  On the wes te rn  shore  of St. 
Mar ga re t ' s  Bay, the  b iomass  of r e g e n e r a t i n g  m a c r o a l g a e  1 yea r  after the e l imina t ion  of 
ech ino ids  (1.5 kg  fresh we igh t  m-2; C h a p m a n ,  unpubl ,  data)  was 42 % of the  b iomass  
r epor t ed  for ma tu re  ke lp  beds  pr ior  to des t ruc t ive  g raz ing  (3.6 kg  fresh we igh t  m-2; 
C h a p m a n ,  1981). There  is anecdo ta l  ev idence  of pas t  f luctuat ions  b e t w e e n  ke lp  beds  
and  e c h i n o i d - d o m i n a t e d  ba r r en  g rounds  in other  a reas  off the  coast  of Nova Scotia 
(Breen, 1980; Pr ing le  et  al., 1982; Whar ton  & Mann,  1981). 

A h e a v y  rec ru i tment  of j uven i l e  Strongylocentrotus droebachiensis occurred  a long  
the wes te rn  shore  of St. Marga re t ' s  Bay in the  s u m m e r  of 1982. Refuge popula t ions  in 
deeper ,  co lde r  wa te r  m a y  have  b e e n  a source of p l a nk ton i c  larvae.  The  a ve ra ge  growth 
of these  juven i l e s  was  less  than  1 cm in the i r  first yea r  (Scheibl ing,  unpubl ,  data), 
a l though  g rowth  ra te  m a y  acce l e r a t e  wi th  i nc rea s ing  m a c r o a l g a l  b iomass  and  product iv-  
ity. The growth  and  survivorship  of these  and  subse que n t  ech ino id  cohorts may  deter-  
m ine  the  eco log ica l  s tab i l i ty  or pe r s i s t ence  of the  ke lp  b e d  conf igura t ion  in the  bay.  
Predators  such as crabs,  lobsters  and  fish may  re ta in  ech ino id  dens i ty  b e l o w  a cri t ical  
l eve l  r equ i r ed  to in i t i a te  des t ruc t ive  g raz ing  (Bernstein et  al., 1981). A reduct ion  in 
p r e d a t i o n  pressure  (e.g. by  overf ishing)  could  resul t  in a re turn  to e c h ino id -domina t e d  
ba r r en  g rounds  (Mann, 1977, 1982). 

The  pe r s i s t ence  of e c h i n o i d - d o m i n a t e d  b a r r e n  g rounds  m a y  be  d e p e n d e n t  on both  
e n d o g e n o u s  and  exogenous  factors affect ing ech ino id  popula t ions .  The nut r i t ional  
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condit ion of Strongylocentrotus droebachiensis dec rea se s  over  t ime  on ba r r en  g rounds  
in the absence  of f leshy  mac roa lga l  food resources  (Lang & Mann,  1976; Whar ton  & 
Mann,  1982; Sche ib l i ng  & Stephenson ,  1984). This  m a y  p r e d i s p o s e  ech ino ids  to pa ras i t i c  
infection. However ,  Sche ib l i ng  & S t ephenson  (1984) found tha t  nu t r i t iona l  condi t ion  h a d  
l i t t le  or no effect on the  mor ta l i ty  rate  of ech ino ids  e x p o s e d  to d i s e a s e d  conspec i f ics  in 
the laboratory.  A h igh  popu la t i on  densi ty ,  charac te r i s t i c  of ech ino ids  in ba r ren  g rounds  
(Chapman,  1981; Bems te in  et  al., 1981), a lso m a y  be  a p re -cond i t i on  for an  epizoot ic .  In 
recent  epizoot ics  mor ta l i ty  was  h ighes t  in a reas  of h igh  ech ino id  dens i ty  (Sche ib l ing  & 
Stephenson,  1984). G iven  such biot ic  p recondi t ions ,  ep izoot ics  m a y  be  t r i g g e r e d  by  
per iods  of anomalous ly  h igh  s eawa te r  t empera tu re .  Thus, the  l a rge  scale  dynamics  of the  
rocky subt ida l  ecosys tem off Nova  Scot ia  resul t  from the  complex  in t e rp l ay  of echinoids ,  
their  prey,  p reda to r s  a n d  pa ras i t e s  (pathogens) ,  and  phys i ca l  factors such as  t e m p e r a t u r e  

(Fig. 5). Predation 

i 
Increased 

Density ~ Refuge j ~ . . ~  Echinoid 

Populations , .~ Echinoid 
Recruitment 

/ 
KELP BED 

\ 
Macroalgal 
Recruitment 

~ Mass 
Echinoid 
Mortality 

Destructive 
Grazing \ 

BARREN G R O U N D  

/ 
Disease 

~ Temperature 

Recently,  Conne l l  & Sousa (1983) have  p r o p o s e d  s t r ingen t  cr i ter ia  for a s ses s ing  
s tabi l i ty  or pe r s i s t ence  of na tu ra l  popu la t ions  or communi t ies .  The  t ime  sca le  of obse rva -  
t ions should  equa l  or exceed  one  comple t e  tu rnover  of ind iv idua l s ;  the  spa t i a l  sca le  
should  encompass  the  m i n i m u m  a rea  tha t  p rov ides  a d e q u a t e  condi t ions  for r e p l a c e m e n t  
of individuals .  Kelp b e d  and  ba r ren  g round  communi t i e s  off Nova  Scot ia  have  pe r s i s t ed  
wel l  b e y o n d  the life spans  of the  r e spec t ive  dominan t  species :  -- 4 yea r s  for Laminaria 
longicruris (Chapman,  pers.  comm.) and  -- 6 yea r s  for Strongylocentrotus droebachiensis 
(Miller & Mann,  1973). At different  t imes  or p laces ,  these  communi t i e s  have  e x t e n d e d  
along hundreds  of k i lomete r s  of coas t l ine  {Wharton & Mann,  1981}. Thus, ke lp  b e d s  and  
bar ren  grounds  r ep resen t  r e l a t ive ly  pers i s ten t  and  s tab le  a l t e rna t ive  s tates  of the  
subt ida l  community .  Con t inued  obse rva t ion  and  e x p e r i m e n t a t i o n  are  r equ i r ed  to e luc i -  
da te  mechanisms,  such as  d isease ,  wh ich  m a y  des t ab i l i ze  a g iven  s tate  and  l e ad  to a 
t ransformat ion of the  communi ty .  

Fig. 5. Hypothetical model of ecological interactions underlying the cyclicity between alternative 
states (kelp bed and barren ground) of the rocky subtidal community off Nova Scotia. See text for 

details 
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OUTBREAKS OF DISEASE IN OTHER ECHINOID SPECIES 

Local ized  mass  morta l i t ies  of Stronffylocentrotus franciscanus due to disease occur- 

red off Cal i fornia  in the summers  of 1970 (Johnson, 1971) and 1976 (Pearse et al., 1977). 
Johnson  (1971a, b) desc r ibed  les ions-on the test s imi lar  to those of S. droebachiensis, 
Pearse  & Hines  (1979) moni tored  macroa lga l  succession and expans ion  of kelp  beds  

fo l lowing  the 1976 die-off  of S. franciscanus. 
Outbreaks  of d isease  and mass mortal i t ies  of Paracentrotus lividus were  reported at 

var ious  locat ions in the wes te rn  M e d i t e r r a n e a n  in the summers  of 1978 and 1979 

(Bourdouresque  et al., 1981; H6baus  et al., 1981). Two other echinoids,  Sphaerechninus 
granularis and Arabacia liculua, also w e r e  affected. The  symptoms of this d isease  were  

s imilar  to those desc r ibed  for Strongylocentrotus species,  inc lud ing  loss of spines and 
l e s ioned  test areas. Dur ing  au tumn and winter ,  morbid  ech ino ids  appea red  to recover  
and r egene r a t e  l e s ioned  areas. Bourdouresque  et al. (1981) report  an explos ive  growth of 

ep iphy tes  on seagrass  due  to the dec l ine  of P. lividus. 
Mass morta l i t ies  of Echinocardium cordatum and  Paracentrotus lividus off the coast 

of I re land in the au tumns  of 1971 and 1979, respec t ive ly  were  at t r ibuted to d inof lagel la te  

b looms (Helm et al., 1974; Cross & Southgate ,  1980). 
Mass  morta l i t ies  of the  tropical  ech ino id  Diadema antillarium recent ly  have  occur- 

red  on coral  reefs  off Panama,  Columbia ,  Costa Rica, J ama ica  and Florida, (H. Lessios, 

Smi thsonian  Tropical  Research Institution, Panama,  pers. comm.). The  die-off appears  to 
be  due  to d i sease  wi th  symptoms s imilar  to those descr ibed  for o ther  ech inoid  species. 

Co-occur r ing  ech ino id  species,  Tripneustes ventricosus, Echinometra vifidis, Eucidaris 
tribuloides, Lytechinus williamsi) are not affected. A rapid growth of benthic  a lgae  has 

occurred on reefs whe re  Diadema antillarum has b e e n  e l iminated .  
A l though  s imilar  overt  symptoms of d i sease  have  b e e n  descr ibed  for mass mor- 

ta l i t ies  of echinoids  in w ide ly  separa ted  geog raph ic  localit ies,  in no case has a causat ive 

agen t  b e e n  conc lus ive ly  ident if ied.  Diseases  affect ing echinoids  have  no doubt  occurred 
in the past. The  adven t  of scient if ic  d iv ing  in the  last few decades  has increased  the 

l ike l ihood  of de tec t ing  and documen t ing  these  phenomena .  The  impor tance  of ech inoid  

g raz ing  in s t ructur ing mar ine  ben th ic  communi t i es  has b e e n  wel l  documen ted  (see 
r ev iews  by Lawrence  1975; Lawrence  & Sammarco,  1982). Mass mortal i t ies  of echinoids  

h a v e  a dramat ic  impac t  on these  communi t ies ,  as ind ica ted  by s tudies  off Nova  Scotia 

and e l sewhere .  Therefore,  d isease  may  play a key  role in r egu la t ing  the structure and 

stabil i ty of e ch ino id -domina t ed  communi t ies .  
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