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ABSTRACT: A number of diseases affecting lobsters (shell disease, fungal infections and a few 
selected parasitic occurrences} are described and have been discussed briefly. The bacterial 
disease, gaffkemia, is described in more detail and used insofar as possible to illustrate the 
interaction of a pathogen with a vulnerable crustacean host. Emphasis has been placed on the 
holistic approach stressing the capacity of lobsters and other crustaceans to cope with disease 
through flexible defense mechanisms, including on occasion the development of resistance. 

INTRODUCTION 

Al though lobsters in their  natural  env i ronment s  and in capt ivi ty  are exposed  to a 

wide  range  of microorganisms the list of d iseases  to which  they are  recorded  as be ing  

subject  is not lengthy.  The  list, however ,  wi l l  undoub ted ly  l e n g t h e n  as s tudies  on the 
lobsters cont inue and in par t icular  as a t tempts  to cul ture  lobsters proceed.  

Lobsters in keep ing  wi th  other  la rge  and  long l ived  crus taceans  appea r  to be  

reasonably  e q u i p p e d  to dea l  with most infect ious agents .  They  possess a cont inuous  

sheath of chit inous shell  or membranous  cover ing  composed  of severa l  different  layers  
more or less impervious  to normal  wea r  and tear. In addit ion,  once this barr ier  is 
b reached  a bat tery of intr insic defenses  is ava i l ab le  to confine or destroy d isease  agents.  

These inc lude  rapid formation of a firm non-re t rac t ing  h e m o l y m p h  clot, bacter icidins ,  
agglut inins,  phagocyt ic  capaci ty  or encapsu la t ion  and melaniza t ion .  All  of these  serve 

the lobsters we l l  unti l  the  an imals  are faced with  an infect ious agen t  which  th rough  
circumstance or un ique  capabi l i t ies  is ab le  to ove rcome  these  defenses .  

The  information on lobster  d iseases  is conf ined  ma in ly  to represen ta t ives  of the 
genus  Homarus. This comes  about  la rge ly  because  the f ishery for these  lobsters  is based  

upon the sale of the l ive  animals  which  enta i ls  ho ld ing  them for va ry ing  per iods  in 

captivi ty under  condit ions which  range  from satisfactory to comple te ly  adverse.  This, 

coupled  with the f requent  a t tempts  to cul ture  lobsters, has p roduced  grea te r  oppor-  
tunities and needs  for s tudies of their  d iseases  than is the case for many  other  inver te-  
brates. 

The lobster  diseases  for which  some informat ion is ava i lab le  are (a) shel l  disease,  

(b) infections caused by the fungi  Fusarium sp., Haliphthoros milfordensls, and 
Lagenidlum sp., (c} ep ib ion t ic  growths,  and (d) gaffkemia.  Since  these  have  b e e n  

rev iewed  extens ive ly  over  the recent  past  (Sindermann,  1970, 1971, 1977; S tewar t  & Ra- 

bin, 1970; Stewart  1975, 1980; Rosen 1970; Fisher  et  al., 1978; and Sparks  1981), they  wil l  
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be  t r ea ted  here  r e l a t ive ly  br ie f ly  ma in ly  in an  a t t empt  to i l lus t ra te  the  un ique  circum- 
s tances  or  capab i l i t i e s  which  l e a d  to an  over t  d i s e a se  condi t ion  or abnormal i ty .  

Lobsters  not  only  are  impor tan t  commerc ia l ly ,  bu t  offer many  a d v a n t a g e s  as exper i -  
men ta l  an ima l s  for the  s tudy  of c rus t acean  m e c h a n i s m s  for pro tec t ion  aga ins t  d isease .  
T h e y  are  r e l a t ive ly  abundan t ,  a l t hough  expens ive ,  l a rge  ( approx ima te ly  half  a k i log ram 
at matur i ty ,  the  a p p r o x i m a t e  m i n i m u m  size in  commerc ia l  fisheries),  r e la t ive ly  easy  to 
main ta in ,  and  the hea l t hy  an ima l  has  an  eas i ly  access ib le ,  s ter i le  and  la rge  vo lume of 
b lood  or more  p r o p e r l y  hemo lymph .  A l t h o u g h  the h e m o t y m p h  of hea l thy  an imals  is 
s ter i le ,  an ima l s  can acqu i re  t r ans ien t  infect ions  from t r auma  assoc ia ted  wi th  hand l ing  
and  e x p e r i m e n t a l  p rocedures .  Corn ick  & Stewar t  (1966) for e x a m p l e  found that  as many  
as  20 % of f reshly  cap tu red  lobsters  had  bac te r i a  in thei r  hemolymph ,  Micrococci, 
ps eudomonads ,  Brevibacterium and  Achromobacter, bac te r i a  common in the  mar ine  
env i ronment .  These  were  n o n - p a t h o g e n i c  and  d i s a p p e a r e d  wi th in  a few days.  Presum- 
ab ly  they  had  en t e r ed  adven t i t i ous ly  from the  env i ronmen t  th rough  wounds  induced  by  
rough  t rea tment .  These  k inds  of infect ions  should  not  be  t e rmed  d i seases  nor mi s t aken  
as  such. 

SHELL DISEASES 

Rosen, 1970, in  his  rev iew,  de f ined  she l l  d i s ease  as  a s ing le  syndrome  mani fes t ing  
i tself  by  p rogress ive  chi t inolys is  and  necrosis  of the  exoske le ton  of aqua t ic  crustaceans.  
She l l  d i s ea se  in Homarushas b e e n  r e v i e w e d  also by  S i n d e r m a n n  (1970, 1971) and  Fisher  
et  al. (1978) and  Stewar t  (1980). 

The  synd rome  a p p e a r s  to be  un ive rsa l  a m o n g  crus taceans  from the subarc t ic  to the 
sub t rop ics  in  fresh and  mar ine  wa te r s  w h e r e v e r  c rus taceans  occur. In Europe,  the 
causa t ive  agen t s  are  cons ide red  to b e  seve ra l  d i f ferent  fungi  and  it occurs in lobsters,  
some crayf ish  species ,  a crab and  a n u m b e r  of non-commerc ia l  spec ies  of crus taceans  
w h e r e  it is ca l l ed  "bu rn  spot  d i sease" .  In Nor th  Amer ica ,  the d i sease  has  b e e n  s tud ied  
most  ex tens ive ly  in lobs ters  and  is r e g a r d e d  as bac te r i a l  in origin.  

The  d i sease  was  first r eco rded  for lobs ters  by  Hess  (1937) who obse rved  an e p i d e m i c  
of pecu l i a r l y  "p i t t ed"  shel ls  a m o n g  l ive lobsters  i m p o u n d e d  for seve ra l  months  dur ing  
the  win te r  of 1935-1936. Al l  par t s  of the  shel l  were  a t t acked  (body, tail,  legs,  and  claws), 
the  lobs ters  were  w e a k  and  r e q u i r e d  careful  h a n d l i n g  if the  dea th  of the  an imals  was to 
b e  avo ided .  Hess  i so la ted  chi t in  d iges t ing ,  g r a m  n e g a t i v e  bac t e r i a  from the  lesions;  he 
b e l i e v e d  these  were  iden t i ca l  to Bacillus chitinovorus. His a t t empts  to r eproduce  the 
d i sease  us ing  pure  cul tures  of these  bac t e r i a  were  unsuccesful ,  a l though  subsequen t  
work  (Taylor,  1948) s u g g e s t e d  tha t  the  d i sease  was  contagious .  

Desp i te  the  m a n y  ques t ions  su r round ing  the  e t io logy  of shel l  d i sease  there  is 
a g r e e m e n t  on the ma jo r  aspec ts  of its deve lopmen t .  The  ep icu t ic le  (consis t ing of a very 
thin  l aye r  of p ro t eo l ip id  ma te r i a l  i nc lud ing  po lypheno l s )  must  be  b reached ,  poss ib ly  by  
m e c h a n i c a l  abras ion,  u n d e r  c i rcumstances  wh ich  p reven t  its r eady  repair .  This must  
occur  in the  p re sence  of a d e q u a t e  number s  of ch i t inoc las t ic  mic roorgan i sms  which  then  
a t t ack  the  two u n d e r l y i n g  chi t inous  layers ,  exocu t i c le  and  ca lc i f ied  endocut ic le ,  but  
v i r tua l ly  never  a t t ack  the  non-ca lc i f i ed  endocut ic le .  The  reason  for the  h igh  levels  of 
mor ta l i t i es  o b s e r v e d  a m o n g  lobsters  af fec ted  is not  clear.  

Rosen (1970) b e l i e v e d  tha t  the  necro t ic  pits,  wh ich  deve lop ,  act  as  n iches  where  
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several taxonomic groups interact  to cause the genera l  effect. The fact that the condi t ion  
does not penet ra te  to the unde r ly ing  soft t issue led Rosen to be l ieve  that affected an imals  
would overcome the disease by molt ing.  This, in  fact, does occur and  was  observed by 
him for the b lue  crab (Callinectes sapidus) and  by  Wilder  & McLeese (1964) for the 
American lobster, Homarus americanus. 

Malloy (1978) reinforced the foregoing with exper iments  with lobsters where  he 
observed the deve lopment  of shell  disease only  in those shell  areas abraded  prior to 
direct appl icat ion of Vibrio sp. or ig inal ly  isolated from shell  d i seased  lobsters. He 
observed that more infections were es tabl i shed among  lobsters recover ing from ecdysis 
than among those approaching  itl more infect ions were es tabl i shed b e t w e e n  2 and  5 °C 
than at h igher  temperatures.  

The crucial point  with shell  disease for lobsters and  for other crus taceans  appears  to 
be the rupture of the epicuticle,  a layer  genera l ly  impervious  to b iochemica l  attack. 
Possible causes of the failure to restore the epicut ic le  could be further mechan ica l  
damage,  increas ing enzymat ic  exploi tat ion of the u n d e r l y i n g  passive layers through 
microbial  development ,  adverse  temperatures ,  i n a d e q u a t e  diet  a nd  sus ta ined  pol lu t ion 
of part icular  types. The f indings  of Malloy are consis tent  with this in  that the progress of 
the disease was greatest  in  lobsters with newly  formed, weaker  shells and  at lower 
temperatures  where  the lobster  would  be metabol ica l ly  less active a nd  thus less ab le  to 
effect epicut icular  repair.  Interest ingly,  Fisher  et al. (1978) reported that  diet  was an  
important  factor in  es tabl i sh ing shell  disease among  juven i le  Amer ican  lobsters. The 
data showed that the rapidly growing  an imals  fed an  apparen t ly  i nadequa t e  synthet ic  
diet were vir tual ly devoid of the epicut ic le  in  comparison to those fed on b r ine  shrimp. 
Mortalities from shell  disease among  juven i l e  lobsters fed this synthet ic  diet  reached  
almost 80 % ; gram nega t ive  chit inolytic bacter ia  were isolated from the lesions of all  the 
affected lobsters. 

FUNGAL DISEASES 

According to Unes tam (1973), who based  his s ta tement  on a s imple  count  of 
citations, fungi  ou tnumber  the bacter ia  as pa thogens  of invertebrates .  Johnson  (1968, 
1970), however,  has expressed the v iew that most observat ions made  on mar ine  flora and  
fauna lacked definit ive exper imenta l  ev idence  to confirm that the fungal  associations 
were, in fact, pa thogenic  in  nature.  M a n y  of the reports are l imited to recording the 
presence of the fungal  infestat ions and  fail to provide identif icat ion,  quant i ta t ive  data or 
cont inue the observat ions for sufficient periods to be  able  to describe the effects in  the 
host. Thus, the apparen t  p redominance  of fungal  diseases among  inver tebra tes  may be 
more apparent  than  real. It should be noted, however,  that these s ta tements  do not apply  
to Unes tam and  his co-workers who have  g iven  us a model  to follow in  their  excel lent  
and thorough studies on Krebspest,  the devas ta t ing  p lague  of the freshwater  cray fish, 
Astacus astacus caused by Aphanomyces astaci. This disease has vir tual ly  e l imina ted  
this crayfish in  many  parts of Europe. 

In the na tura l  envi ronment ,  adul t  lobsters of all  genera  seem to be  genera l ly  free of 
fungal infections. Because of the in tens ive  fisheries for lobsters and  their  use as food it is 
unl ikely  that external  infestat ions or deep seated mycoses would  go unno t i ced  among  
the many thousands of lobsters consumed annua l ly .  This genera l iza t ion  does not apply 
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to the larval  or immature  forms for which similar  extensive  examinat ions  are not made. 
The bu lk  of the reports of fungal  infestat ions of lobsters have b e e n  provided by 

studies  of cul tured Homarus americanus. These have b e e n  reviewed by S inde rmann  
(1977), Fisher et al. (1978) and  Stewart  (1980). The first funga l  disease of lobsters was 
reported by  Herrick (1909) as be ing  seen as early as 1902 among  hatchery reared lobster 
larvae at Woods Hole. The " fungus  spread from the point  of the infect ion unt i l  all of the 
an ima l ' s  t issues were destroyed and  the lobster 's  body  was reduced to a chi t inous shell 
packed  full of the mycel ium".  

Lightner  & Fonta ine  (1975) examined  a group of immature  lobsters (86 mm overall 
length) which  had suffered 35 % mortal i t ies  over a 12 month  period. The lobsters were 
he ld  in  a closed water  system at t empera tures  b e t w e e n  18 and  24 °C at normal  sal inity 
and  fed an  exper imenta l  moist  diet. The mortal i t ies  were at t r ibuted to a "black spot" 
condi t ion  on the exoskeleton.  The "black  spot" an imals  fed well  and  behaved  normally 
bu t  did not  survive the next  molt. Hyphae  and  conidia  tenta t ively  ident i f ied as belong-  
ing to a species of the genus  Fusarium were observed on the gill lamellae.  Histological 
sections from the exoskele ton showed the presence  of hyphae  in the cuticular and 
subcut icu la r  tissues. The  hyphae  were encapsu la t ed  by hemocytes the first layer, of 
which,  was  melanized,  Lightner  & Fonta ine  considered the infect ion to be very similar to 
the Fusarium infect ion of the Kuruma prawn, Penaeus japonicus know n  as "black gill 
d isease"  (Egusa & Ueda, 1972). 

Two phycomete  infestat ions of larval  and  juven i l e  lobsters were recorded for 
an ima l s  reared in  a semiclosed, reci rcula t ing seawater  system operated at 20 °C (Fisher 
et al., 1978). Haliphthoros milfordensis, the apparen t  cause, was confined to postlarval 
j uven i l e  forms and  affected both Amer ican  (H. americanus) and  EUropean (H. gam- 
marus) lobsters k i l l ing  as m a n y  as 44 %. Funga l  invas ion  normal ly  occurred at two 
places:  (1) benea th  the carapace ex tend ing  throughout  the gill area and  into the 
u n d e r l y i n g  muscle  tissue; and  (2) at the soft f lexible joints of the appendage .  Death was 
cons idered  to be  a result  of dest ruct ion of t issue and/or  impai red  molting.  In the muscle  
the spread ing  myce l ium was heavi ly  encapsu la ted  and  melanized;  this did not occur in 
the gills. Fisher et al. suggest  that entry may  have b e e n  effected through minor  wounds  
or possible  weak  chit inolyt ic  act ion on the part  of the fungus;  the disease only affects 
j uven i l e  lobsters with l ight  in teguments .  The larger  lobsters with heavier  in teguments  
apparen t ly  can ward off the infect ion and  even  in  the smal ler  an imals  (less than 27 mm) 
the fungus  was not seen  on the thicker  parts of the in teguments .  

The second phycomycete  is a ub iqu i tous  fungus  of the genus  Lagenidium (Nilson et 
al., 1976) that replaced the in te rna l  t issues of the Amer ican  lobster larvae. The fungus 
was found in  a majori ty of groups of an imals  suffering mortali t ies as high as 90 % or 
more. Mortali t ies were  conf ined to the larval  forms with death  occurr ing wi th in  49 to 
72 h in  an  affected system. Fisher et al. (1978) sugges ted  that  the thicker  exoskeleton of 
post larval  forms prevents  their  infect ion and  thus confines the infect ion to the egg and 
larval  stages. 

Final ly,  Sordi (1958) rev iewed by  S i n d e r m a n n  (1970) and  Unes tam (1973) reported 
that two deuteromycetes ,  Didymaria palinuri and  Ramularia branchiales (Fungi Imper- 
fecti) paras i t ized the gills of the lobsters, Palinurus vulgaris and  H. vulgaris causing 
mortal i t ies  in  the aqua r ium at Livorno. It is s ignif icant  that  these infections as in the 
other funga l  diseases reported above occurred unde r  s imilar  circumstances,  i.e. in 
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aquar ia  us ing  rec i rcu la t ing  s eawa te r  sys tems and  high,  r e l a t ive ly  cons tant  t empera tu res .  
The na ture  of such systems and  the charac ter i s t ics  of the  fungi  (euryha l ine  and  

growing  wel l  at t empera tu re s  in the  u p p e r  par t  of the  lobsters  t e m p e r a t u r e  to le rance  
range} wou ld  be  expec t ed  to p l ace  the  lobsters  at a d i s a d v a n t a g e  and  favor  d e v e l o p m e n t  
of the  fungi.  Reci rcula t ing  systems are  u sua l ly  r ich in d i s so lved  nut r ien ts  e spe c i a l l y  
su i tab le  for microb ia l  g rowth  which,  t oge the r  wi th  h i g h l y  o x y g e n a t e d  water ,  w o u l d  t end  
to inc rease  the  inocu lum po ten t i a l  of the  fungi.  Thus, for lobs ters  s t ressed  by  enforced  
rap id  growth with  f requen t  mol t ing  and  consequen t  i n t e g u m e n t a l  va r i a t ion  the  condi -  
t ions are op t imal  for the  d e v e l o p m e n t  of d i s ea se  by  the  h igh ly  oppor tun i s t i c  fungi .  
Improved h u s b a n d r y  and  i m p r o v e d  qua l i ty  of the  w a t e r  p lus  lower  t e m p e r a t u r e s  w o u l d  
p robab ly  be  effect ive in r e d u c i n g  or e l im ina t i ng  the  b u l k  of funga l  infec t ions  exper i -  
enced  in these  systems.  

EPIBIONTIC GROWTH 

Epibiont ic  growths  in na tu re  can  i nc lude  mussels ,  b a r n a c l e s  and  s e a w e e d ;  these  are  
not cons ide red  ser ious  unde r  most  c i r cums tances  a n d  are  lost  u p o n  mol t ing .  F i l amen tous  
microep ib ion ts  such as f i l amentous  bac ter ia ,  s t a l k e d  pro tozoans  a n d  d ia toms  a re  s een  
f requent ly  in rec i rcu la t ing  s eawa te r  sys tems (Herrick,  1909). The  f i l amentous  bac te r ium,  
Leucothrix mucor appea r s  to be  the  most  f requen t  of fender  (Fisher  e t  al., 1978) a n d  the  
only one pos i t ive ly  iden t i f i ed  to date .  No mor ta l i t i es  have  b e e n  spec i f i ca l ly  r e l a t ed  to its 
occurrence  on lobsters,  but  F isher  et al. s u g g e s t e d  that  it migh t  ass is t  in  the  e s t ab l i sh -  
ment  of fungal  infes ta t ions  and  impa i r  t ranspor t  across gi l l  and  egg  me mbra ne s .  The  
potent ia l  for its occurrence  is h igh  s ince  the  o rgan i sm is ub iqu i tous  and  no ted  for its 
ab i l i ty  to grow on s imple  o rgan ic  compounds  in wel l  a e r a t e d  waters  over  a wide  
t empera tu re  range.  Thus, the  condi t ions  e x p e r i e n c e d  in  most  r ec i r cu la t ing  sys tems 
contr ibute  m e a s u r a b l y  to its deve lopmen t .  Again ,  as for funga l  d iseases ,  the  s ame  
r e c o m m e n d e d  improvemen t s  in ho ld ing  condi t ions  and  p rocedure s  for r ec i rcu la t ing  
systems wou ld  seem to be  appropr i a t e ;  an ima l s  in s ing le  pass  sys tems do not  s eem to 
deve lop  e i ther  the fungal  d i seases  nor the  mic roep ib ion t s  to the  same  degree .  

LARGER PARASITES 

Read (1972) s ta ted  that  " there  are  numer i ca l l y  more  o rgan i sms  l iv ing  in someone  
else than  there  are o rgan i sms  l iv ing  the  so -ca l l ed  free l ife".  The  list  of pa ras i t e s  obse rved  
in Homarus americanus, H. vulgaris, and  Nephrops norvegicus as l i s ted  in S tewar t  
(1980) is r ep resen ta t ive  ra ther  than  comple t e  and  bea r s  out Read ' s  s t a t emen t  fully. In 
genera l ,  the  impac t  of the  l a rge r  pa ras i t e s  on lobsters  is not  b e l i e v e d  to b e  ser ious  
a l though in dep th  quan t i t a t ive  a s sessments  have  r a re ly  t a k e n  p lace .  Most  pa ras i to log i s t s  
involved  with  lobsters  b e l i e v e  s t rongly  tha t  this  s i tua t ion  should  be  rect i f ied.  Var ious  
helminths ,  copepods  and  pro tozoa  have  b e e n  obse rved  in a l l  th ree  species .  Lists of 
cer ta in  of the  occur rences  are  a v a i l a b l e  in S tewar t  (1980}. 

G A F F K E M I A  

The d i seases  or infect ions d e s c r i b e d  a b o v e  have  b e e n  as soc ia t ed  wi th  the  i n t egu -  
ment  a lone  or obvious ly  in i t i a t ed  the i r  a t t ack  on the i n t e g u m e n t  a n d  then  s p r e a d  
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mass ive ly  to u n d e r l y i n g  t i ssues  in an  of ten o v e r w h e l m i n g  manner .  Where  in terna l  
de fenses  we re  obse rved  they  cons is ted  of hemocy t i c  mobi l i za t ion  resu l t ing  in encapsu-  
la t ion  and  me lan iza t ion .  

The  d isease ,  gaf fkemia ,  is qui te  un l i ke  the  foregoing  in that  it is caused  by  a g ram 
pos i t ive  coccus of k n o w n  ident i ty ,  Aerococcus viridans (var.) homari, which  does  not 
possess  any  invas ive  proper t ies .  In addi t ion ,  it  conducts  al l  of its ac t iv i t ies  in te rna l ly  and 
its success  is e x p l a i n e d  by  its un ique  capac i ty  to resis t  the  lobs ter ' s  in terna l  defence  
m echan i sms  and  f lourish at  the  expense  of the  lobs te r ' s  reserves .  The  d i sease  has  been  
r e v i e w e d  c o m p r e h e n s i v e l y  by  S i n d e r m a n n  (1970, 1971, 1977), S tewar t  & Rabin  (1970), 
S tewar t  (1975, 1980), and  F isher  et  al. (1978). 

The  d i sease  was  first de sc r ibed  by  Sn ieszko  & Taylor  (1947) who  i so la ted  a bac-  
t e r ium from m o r i b u n d  lobsters  from a ho ld ing  uni t  in Maine .  Koch's  pos tu la tes  were  
ful f i l led  showing  that  the  bac t e r i um was  a t rue p a t h o g e n  of the  lobs ter  Homarus 
americanus. Because  of i ts t e t r ad  format ion  a n d  assoc ia t ion  with  lobsters ,  Hi tchner  & 
Sn ieszko  (1947) s u g g e s t e d  the  name,  Gaffkya homaid,  by  which  it was  k n o w n  for years  
unt i l  the  f inal  t axonomic  rev is ions  were  p u b l i s h e d  in  Bergey ' s  Manua l  (Buchanan & 
Gibbons ,  1974). The  o r ig ina l  n a m e  of the  causa t ive  a g e n t  p rov ided  the bas is  for the 
n a m e  of the  d i sease ,  gaf fkemia ,  co ined  by  Roskam (1957). 

The  d i sease  a g e n t  has  b e e n  i so la ted  from lobsters  of the  genus  Homarus both  feral  
and  cap t ive  on both  s ides  of the  At lan t ic  (Stewart,  1980), whe re  it has  caused  ser ious 
economic  losses  pa r t i cu l a r ly  in  commerc ia l  ho ld i ng  opera t ions .  The  d i sease  appea r s  to 
b e  e n d e m i c  to the  lobs ter  popu la t i ons  of bo th  H. americanus and  H. vulgaris. The 
p r o b l e m s  suffered from the d i sease  are  e x a c e r b a t e d  b y  the u sua l ly  adverse  ho ld ing  
condi t ions  a p p a r e n t  in m a n y  commerc ia l  opera t ions  and  the ex t r eme ly  rough  t rea tment  
f r equen t ly  g iven  in  the  lobs ter  t rade .  In addi t ion ,  m a n y  ou tb reaks  of the  d i sease  are  
u n d o u b t e d l y  due  to infec t ions  a c q u i r e d  in the  ho ld ing  uni t s  w h e r e  the  agen t  r emains  
fo l lowing  p rev ious  s l ight  to ma jo r  p rob l ems  with  the  d isease .  S te r i l i za t ion  of ho ld ing  
uni ts  is rarely,  if ever,  ca r r ied  out. This,  coup led  with  the  fact that  the  o rgan i sm is free 
l iv ing  and  qu i t e  c a p a b l e  of surv iv ing  in  m u d  of p o n d  bottoms,  in  det r i tus  of t ank  units  
and  p l u m b i n g  for months ,  ensures  tha t  new e p i d e m i c s  wi l l  o r ig ina te  the re  (Goggins  & 
Hurst,  1960}. The  sever i ty  of the  ou tb reaks  wi l l  be  g o v e r n e d  l a rge ly  by  the t empera tu re s  
p r e v a i l i n g  dur ing  the course of the  lobsters  so joum and  subse que n t  t rea tment .  

As m e n t i o n e d  above ,  A. viridans (var.) homari  is f ree l iv ing  and  can  be  cu l tu red  
r ead i l y  u s ing  s t anda rd  mic rob io log ica l  me thods  and  media .  It l acks  ex te rna l  enzymes  
and  thus  invas ive  powers  re ly ing,  ins tead,  on oppor tun is t i c  b r eaks  in the lobster  
i n t e g u m e n t  for t r ansmiss ion  to an un in fec ted  an imal .  Lobsters,  a l though  cannibal is t ic ,  
do not  acqu i re  the  infec t ion  b y  e a t i n g  m o r i b u n d  or d e a d  in fec ted  lobsters;  the  ac id i ty  of 
the  gas t r ic  f lu id  is a d e q u a t e  to k i l l  the  i n g e s t e d  p a t h o g e n  wi th in  a very  short  period.  

The  por ta l  of en t ry  is p r o v i d e d  by  a rup ture  in  the  lobster  i n t egumen t  (caused 
f requen t ly  by  the  c rowding  a n d  a t t endan t  f ight ing  in commerc ia l  units} th rough  which  
the  p a t h o g e n  passes .  W h e n e v e r  smal l  numbe r s  of a v i ru len t  s t ra in  of the  p a t h o g e n  
(10/kg lobs ter  body  weight )  en te r  the  hemolymph ,  a fatal  infect ion a lmost  inva r i ab ly  
results .  The  t imes  to dea th  are  a p p r o x i m a t e l y  the  same  r ega rd le s s  of w he the r  the 
in i t i a t ing  infec t ion  is l a rge  or small .  

The  bac t e r i a  concen t ra te  and  d e v e l o p  first in the  h e p a t o p a n c r e a s  and  ca rd iac  t issues 
and  upon  r e a c h i n g  the d e c e l e r a t i n g  loga r i thmic  growth  phase ,  they  grow rap id ly  in the 
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circulating hemolymph (Stewart & Arie, 1973). The final  number s  recorded for mor ibund  
lobsters are about  1 × 109/g or ml for hepa topancrea t ic  t issue and  hemolymph  respec- 
tively and 1 × 10S/g of cardiac or skeletal  muscle  tissue. The pa thogen  grows at the 
expense  of the free glucose and  non-pro te in  n i t rogen  in  the lobster; free glucose is 
genera ted  by the lobster from its own glycogen stores. Decl ines  in  adenos ine  triphos- 
phate (ATP), glycogen, c i rculat ing glucose and  non-pro te in  n i t rogen  among  others 
suggest that death results from a massive dysfunct ion of the hepatopancreas .  

An interes t ing a d d e n d u m  to this conclus ion is provided by exper iments  conducted  
with fed and starved lobsters. Fed lobsters died from del ibera te ly  imposed gaffkemia 
infections in  approximately one third of the t ime requi red  for starved an imals  and  with 
bacterial  number s  2 to 4 t imes h igher  than  those observed for starved lobsters (Stewart et 
al., 1972). The rate of growth was control led by  the ava i lab le  nu t r i en t  level.  These 
experiments  also showed that infected lobsters cease feeding  shortly after the onset of 
the infection (2 days at 15 °C) a fact which should be t aken  into account  in any  disease 
survey work based upon t rapping where  an interest  in  food is a prerequis i te  for capture. 

No toxin appears  to be  involved,  mass ive  t ransfusions of lobster hemolymph  serum 
prepared from mor ibund  gaffkemic lobsters and  steril ized by filtration were g iven  to 
healthy lobsters. Al though amounts  equal  to 13 % of the lobsters '  weights  were trans- 
fused (estimated to be around 30 % of lobsters '  hemolymph  volumes) no deaths  occurred 
and the lobsters appeared  to be complete ly  unaffected.  

Among the features displayed early in the course of the infect ion is the decl ine  in the 
numbers  of circulat ing hemocytes,  pa ra l l e l ing  the increases  of A. viridans (var.) homari 
in the hemolymph.  The circulat ing hemocytes  are vir tual ly  e l imina ted  by  the e ighth  day 
of the infect ion among  lobsters held  at 15 °C. Since the hemocytes  carry the clot 
ini t ia t ing factor (shown to be a t r ansg lu taminase  in Panulirus interruptus by Fuller-  
& Doolittle, 1971) which in the presence  of calcium, converts p lasma f ib r inogen  to f ibrin 

to give a hard non-re t rac t ing  clot, their  d i sappearance  reduces  and  even tua l ly  el imi-  
nates the clotting capacity of the hemolymph  even  though the f ib r inogen  levels  and  
other hemolymph proteins r ema in  unchanged .  Thus, if wounded ,  the lobsters at this 
stage can readi ly b leed  to death. These overall  results ob ta ined  by s tandard  bacteriolog- 
ical and  biochemical  methods have recent ly  b e e n  confirmed and  ex tended  in  detai l  by 
histological studies done by Johnson et al. (1981). 

The course of the infect ion is strictly tempera ture  dependent .  At 1 °C no deaths 
at t r ibutable to gaffkemia occurred over a 250 day trial among  lobsters de l ibera te ly  
infected with the pathogen.  The pathogen,  however,  did r ema in  in  the an ima l s  where  all 
succumbed with a full b lown infect ion after the tempera ture  was raised. At 3 °C the t ime 
be tween  infection and death was about  180 days r a ng i ng  downward  to 2 days at 20 °C. It 
is important  to note that the pa thogen  was able  to survive 1 °C with its v i ru lence  
un impai red  for periods much larger than  tempera tures  this low are exper ienced  in  
northern temperate  zone waters; this is a s ignif icant  ep idemiologica l  factor. 

The early and massive pe rmanen t  d i sappearance  of the hemocytes led early to the 
belief that phagocytosis  might  be occurr ing early in  the infection. It was shown, in  fact 
that phagocytosis did occur and  that the pa thogen  was  enclosed wi th in  cells in  the 
hepatopancreas  and cardiac tissue wi th in  15 rain of injection.  Unfor tunate ly  for the 
lobster this process is not adequate  to ward off the infection. The pa thogen  survives and  
in fact grows at the expense  of mater ia ls  extracted from the hemocytes.  The next  step is 
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the spi l lover of the bacter ia  to the hemolymph  men t ioned  earlier.  Disappearance  of the 
hemocytes  or a reduct ion  of the n u m b e r  in  circulat ion can also be caused by a variety of 
factors, a l though with other factors, a re turn to normal  va lues  is usual ly  observed within  
hours or days at the most. Thus, in  the course of the disease, gaffkemia, the intr insic 
defense  factors are ei ther  ineffective or, in  the case of the phagocytes,  are perhaps 
par t ia l ly  effective, bu t  are u n a b l e  to complete  their  task and  are themselves  destroyed 
wi thout  e l imina t ing  the pathogen.  

The fol lowing hypothesis  has b e e n  put  forward to expla in  the apparen t  or p resumed 
sequence  of events  occurr ing dur ing  the course of an  infect ion of lobsters with A. 
viridans (var.) homari. The  intact  i n t e g u m e n t  seems to be the only barr ier  to an active 
infection. Once  the bac te r ium gains  entry  through a b reak  in  this barrier  it comes in  
contact with the hemolymph  which conta ins  an  induc ib le  bactericidin,  agglut inins ,  
hemocytes  and  clotting. Al though clott ing has b e e n  shown to effectively seal off a wound  
very rapid ly  it is insuff icient  to confine the pathogen.  The induc ib le  bacter ic idin  is 
absorbed  readi ly  in  its inact ive  and  active state by the pathogen.  Al though the bacterici- 
din,  upon  act ivat ion by  e lements  re leased by  the hemocytes,  is extremely effective 
agains t  a wide  variety of bacter ia  it is comple te ly  ineffective against  A. viridans (var.) 
homari, 

The agglutinins (Fig. 1) of the hemolymph which have been shown to agglutinate a 

wide variety of bacteria vary in concentration with the time of the year. This may be a 
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Fig. 1. Seasonal effects on lobster serum hemagglutinin titers (la), lobster hemocyte numbers (lb), 
and lobster serum protein levels (lc). Individual values were determined for each date using groups 

of 20 lobsters freshly captured at Eastern Passage, Nova Scotia 
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factor of s ignif icance for other infections,  bu t  it is not  for A.  v i r i d a n s  (var.) h o m a r i .  

Virulent strains of the pa thogen  are not  agg lu t ina ted  nor  do they absorb the agg lu t in ins ;  
avirulent  strains do absorb the agg lu t in ins  (unpubl .  observ.). The exp lana t ion  for the 
resistance of v i ru lent  strains to agg lu t ina t ion  or absorpt ion of the agg lu t in ins  in  contrast  
to the results ob ta ined  with av i ru lent  strains may lie with the differences exhibi ted  in  the 
capsular development .  Viru lent  strains develop a large capsular  layer  whi le  the aviru-  
lent strains possess vir tual ly  none  (Fig. 2). 
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Fig. 2. Comparisons of the thickness of the capsular layers for strains of A. Vil-idans (var.) homari  
during growth in normal lobster hemolymph serum over a period of 24 h. Rabin's strain and strains 
14 and 15 were of proven virulence determined by repeated trials in which fatal infections in 
lobsters developed after injection of these strains. The strains 10400, 37R and 88A were shown by 

similar trials to be avirulent 

Thus the agg lu t in ins  do not afford protect ion as might  be  expected.  If the agglu t i -  
n ins  or some part of that fraction also have opsonic propert ies the failure to absorb these 
would reduce the effectiveness of phagocytosis  in  the first ins tance  as a protective 
mechanism.  It has b e e n  shown clearly that opsonins  for other bacter ia  and  red blood 
cells do exist in  lobster hemolymph.  Phagocytosis has b e e n  shown to be one of the 
properties of H o m a r u s  hemocytes  (Paterson & Stewart, 1974; Paterson et al., 1976; 
Paterson & Stewart, 1979), bu t  it has not  b e e n  shown to be  effective in  a id ing  the normal  
an imal  to resist gaffkemia. Thus  all of these systems fail for this par t icular  pa thogen.  

Recent work on the lobster 's  mechan i sms  for resis tance aga ins t  disease has c o n c e n -  

t-rated on e luc ida t ing  the agg lu t in in  and  opsonin  subject  areas by us ing  mater ia ls  
separated chromatographical ly  from lobster hemolyrnph (Hall & Rowlands,  1974; Hart- 
man  et al., 1978; Vanderwal l  et al., 1981; Go ldenbe rg  & Greenberg ,  1983). Go ldenbe rg  & 
Greenberg  were able  to demonstra te  differences in  the propert ies  of the agg lu t i n in  
versus the opsonin,  bu t  were not  p repared  to state def ini t ively that  these were  com- 
pletely separate molecular  entit ies.  Ha r tman  et al. a nd  Vanderwa l l  et al. on the other 
hand  clearly isolated lect ins which  had  differential  agg lu t in in  activities for different red 
blood cells. The activity of these fractions correlated wel l  with the sialic acid content  of 
the different red blood cells uti l ized. Unfor tunate ly  these fractions were not tested for 
opsonin activity. 

In our work we have isolated these lobster  hemolymph  lectins fol lowing the 
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procedures of Har tman  et al. and  confirm that the effects upon  red blood cells is 
comparable  to the results reported by these authors and  Vanderwal l  et al. In apply ing  
these lectins to bacteria,  however,  we find that only a Brevibacter sp. is agglu t ina ted  in 
contrast to a wide  range  of bacter ia  agg lu t ina ted  by un t rea ted  hemolymph  serum. By the 
use of rabbi t  ant i-sera specific for the purif ied lectins we have de te rmined  that these 
lect ins are not  absorbed as such from the hemolymph  serum by sheep or h u m a n  red 
blood cells or the Brevibacter sp. even  though all three are agg lu t ina ted  by the isolated 
lect ins  used alone. Thus, despi te  the excel lent  b iochemical  work of separat ing and  
character iz ing these agg lu t in in  components  of the lobster hemolymph these studies 
have not provided answers  resolving ques t ions  related to the lobster hemolymph 
agg lu t ina t ing  and opsonic activities as factors in disease resistance. If this aspect is to be 
advanced  it will p robably  be necessary to use less artificial test systems with specific 
work directed to these questions.  

The induc ib le  parts of the lobster 's  defensive  system observed to date appear  to be 
conf ined to the non-hemocyte  port ion of the bacter ic idal  system and  the phagocytic 
capacity of the hemocytes.  Agglu t in in ,  opsonin  and  the slight precipi t in  activities have 
not b e e n  shown to be increased despite a n u m b e r  of attempts to induce  these. The 
phagocyt ic  index  of hemocytes  as well  as the p lasma and  hepatopancreat ic  bacter ic idin 
levels can be increased readi ly  by inject ions of a Pseudomonas perolens  strain and by 
the endotoxin  p repared  from it. 

Resistance to the pa thogen  A. viridans (vat.) homari  can be induced  by vaccines 
prepared  from virulent  strains of the pathogen.  Low level  resistance to the pa thogen 
(surviving cha l lenges  of I x 102 A. viridans (vat.) homari /kg lobster body weight) can be 
ob ta ined  rout inely  us ing  formal in  ki l led preparat ions  of the pathogen.  High levels of 
resis tance (surviving cha l lenges  of > 2 X 105 A. viridans (var.) homari /kg  lobster body 
weight) can be induced  by vaccines  prepared  us ing  the ant ibiot ic  vancomycin  in 
combina t ion  with v i ru lent  strains of the pathogen.  The nature  of the induced  resistance 
is still to be de termined.  

Thus  the infect ion of lobsters by A. viridans (var.) homari is p revented  in  na ture  only 
by an  intact  in tegument .  Once this barr ier  is passed opportunist ical ly  the pa thogen  
succeeds by virtue of its complete  resistance to the comprehens ive  set of defense factors 
and  its abi l i ty  to grow well  on the nut r ien ts  avai lable  wi th in  the lobster. The infection 
results in  the death  of the an ima l  because  the pa thogen  is more successful in the 
compet i t ion for the lobster 's  reserve materials  than  is the lobster. 

CONCLUSION 

Lobsters are genera l ly  wel l  equ ipped  in  their  na tura l  env i ronment  to guard  against  
most disease agents  l ikely to be  imposed.  The various external  infections (shell disease, 
fungal  diseases and  epibionts} seem to be  products  of pecul iar  envi ronments  and 
condi t ions  more than specific weaknesses  of the lobsters. Condi t ions  which favor the 
pa thogens  and  place the host at a d i sadvan tage  will  always increase the potent ial  for 
problems such as these. Good husbandry  will  p robably  aid in avoid ing  most or many  of 
these diseases.  

The disease gaffkemia, on the other hand,  stems from the un ique  capacities of the 
pa thogen  to flourish in  the in te rna l  env i ronmen t  of the lobster 's  body and cope ade- 
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q u a t e l y  w i t h  o r  r e s i s t  a l l  o f  t h e  d e f e n s e  m e c h a n i s m s .  I n  t h i s  c a s e ,  a p e r f e c t l y  h e a l t h y  

a n i m a l  s u c c u m b s  to  a h i g h l y  s p e c i f i c  p a t h o g e n .  
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