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•  A  microscopic fungus grow th  was ob­
served on  th e  surface o f th e  blue crab Cal­
linectes sapidus R a thbun  in  1941 (Sandoz, 
Rogers, an d  N ewcom be, 1944). T h e  identity 
o f this organism  was established in  1942 
by Professor John N . Couch of the  U niver­
sity of N o rth  C arolina, w ho very kindly
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exam ined m aterial sent to him  from  our 
laboratory (Couch, 1942). T h e  unusual 
character of this g row th  early attracted  at­
tention . B ut it was no t un til evidence of its 
in ju ry  to the crab eggs was obtained by 
Sandoz and  Rogers (1944) th at a concerted 
effort was m ade to learn  about its life his­
tory, its occurrence on and  in the individual 
eggs as well as on and  in the egg mass of 
the crab, and also about its occurrence in 
crabs a t different parts of their natu ral range 
in Chesapeake Bay.

T h e  question of the possible relation be­
tw een the existence of the fungus parasite 
and  th e  unusually low  level of the crab 
catches in Chesapeake Bay d u rin g  the  period 
1940-43 became a problem  of m ore than  
academ ic interest alone. Hence, an inte­
g rated  p rogram  of research em bodying the 
aforem entioned problem  was started  in  1942 
a t the V irginia Fisheries L aboratory in 
Y orktow n.

T his paper embodies a general review  of 
the investigations on the occurrence and  
com m ercial im portance of the parasite con­
ducted u nder the direction of the senior 
au thor. A detailed treatm ent of the  results 
w ill be presented elsewhere.

T o  appreciate the possible relation between 
crab catches and  the egg parasite, one m ust 
recall th at practically all larval crabs origi­
nating  in Chesapeake Bay are produced near 
its m outh . W hile im m ature, they m igrate
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up the rivers an d  the bay. T hen  m ating 
takes place an d  the females re tu rn  to the 
lower bay to spaw n (C hurchill, 1917; N ew ­
combe, 1945). T hus, the egg-bearing popula­
tion exists in  a relatively restricted aggregate 
w hich condition m ig h t be expected to favor 
the spread of an  egg infection (fig. 1).

T he iden tity  an d  nature of the infection 
was a t first in  doubt. H atching experim ents 
by Sandoz and  Rogers (1944) show ed that 
eg g s w ith  c o n s id e ra b le  in fe c tio n  e ith e r  
failed to hatch  or hatched abnorm ally (fig. 
5 ). T his led to the hypothesis th at the or­
ganism , assum ed to be a parasitic fungus, 
occured inside as well as on the outside 
surface of th e  egg, and subsequent treat­
m ent w ith  lactophenol revealed the fungal 
branches o r hyphae w ith in  the egg and 
established th e  parasite as an  in ternal fungus 
(fig. 2 ). C areful study of infected eggs 
by Professor J. N . Couch resulted in  his 
establishing the identity  an d  m ost of the 
life history stages of this parasite (Couch, 
1942). Being an  undescribed species Prof. 
Couch gave this fungus the  nam e Lage­
n id ium  callinectes an d  stated th at it  appears 
to be, “the only m em ber of the Lagenidiales 
so fa r described from  a m arine  habitat.” 
In  1929, A tkins, w ork ing  in  E ngland, re­
ported  fin d in g  a related fungus w ithin the 
eggs of th e  pea-crab, Pinnotheres, taken 
from  sea m ussels an d  pointed ou t that, “this 
fungus . . . attacks a m arine  invertebrate 
and, as fa r as I have been able to ascertain, 
it is th e  first m em ber of the  Saprolegniaceae 
w hich has been so described.” T h e  o rder 
Saprolegniales includes the  w ater m oulds 
that are com m only found on dead insects 
and  a ttacking life fish, these p roducing a 
diseased condition. In  1939, Professor F . K . 
Sparrow  described a new  species of Lage­
n id iu m  parasitic on eggs of fresh w ater 
rotifers (Sparrow , 1939). T h a t Lagenidium  
callinectes Couch occurs in  a m arine habitat 
and w ith in  th e  crustacean egg is of partic­
ular interest. T o  facilitate fu rth e r study, 
Couch a ttem pted  to cultivate the fungus 
on agar. H is results w ere negative b u t he 
suggests th a t the fungus m igh t g row  on a 
n u trien t ag ar m ade w ith  salt w ater. T his 
rem ains a fertile  field fo r study.
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Certain characteristics of th e  m orphology 
and  developm ent of this fungus as described 
by Couch (1942) are  readily seen and possess 
general interest. T h e  m ycelium  w hich may 
fill the egg consists of branched irregu lar 
hyphae w hich are sparingly septate and th in  
walled. In the process of spore form ation 
and discharge, the  end  of a hyphal thread  
comes in contact w ith  the inner egg wall 
and  swells. A ccording to Couch (1944) the 
part in contact w ith  th e  wall form s a narrow  
tube that grows th ro u g h  the wall, im m edi­
ately thickens, and  elongates to form  a large 
tube. After a period  of g row th  of thallus 
the tip of th e  tube gelatinizes and pro to­
plasm from  a segm ent flows ou t from  the
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m ycelium  to collect in a spherical u n d if­
ferentiated mass surrounded  by a delicate 
gelatinous envelope or “vesicle”. H ere, by 
progressive cleavage the spores are  form ed 
(fig. 4 ). Professor Couch states that w hen 
they are m ature  and  the vesicle breaks they 
sw im  aw ay sluggishly. As w e shall point 
out later, the type of m ovem ent and  be­
havior of the spores m ay partly  explain the 
character of the distribution of the  fungus 
in the egg mass or “sponge” of the  crab. 
Infected eggs can readily be recognized by 
their sm aller size as show n in  the external­
ly infected egg occupying a central position 
in figure 3. Some w ork rem ains to be  done 
to provide a complete know ledge of the 
life history of this parasite.

R egard ing  the appearance of the fungus 
on and in  the indiv idual egg, i t  m ay  be 
confined alm ost entirely to th e  in terio r or 
show  up noticeably on the outside, depend­
ing on the stage of developm ent. T h e  m yce­
lium  w ith in  the yolk m ay be ab u n d an t or 
sparse. One or several exit tubes m ay be 
seen in a single egg and likewise m ore than

one sporangium  is not uncom m on since each 
segm ent of m ycelium  m ay become a spo­
ran g iu m  (fig. 4 ). In  addition to Lagenidium  
callinectes, filam entous bacteria, suctorian 
p ro to za  and o ther fungi are frequently  ob­
served attached to the egg surface. Fine, 
unbranched  filam ents w hich according to 
Professor Couch are classified in the Chlam - 
ydobacteriaceae, occur commonly.

W e have studied  the occurrence of the 
fungus on and in th e  egg mass w ith  a view 
to estim ating  the degree of m ortality  of eggs 
a t d ifferent places and at different seasons. 
Previously, num erous experim ents w ere con­
ducted  to discover a m ethod of rearing crab 
larvae from  the egg and to provide an 
understand ing  of the effect of various en­
vironm ental factors on the hatching of crab 
eggs (Lochhead, Lochhead and  Newcombe, 
1942; Lochhead and  Newcombe, 1942; San­
doz an d  Rogers, 1944). A bnorm al factors 
sometimes produced an  abnorm al larva, often 
called a prezoea, instead of the norm al zoea 
as the first larval stage is called (fig. 5). 
T herefore, it was not surprising to find that 
the m ajority  of eggs infected w ith  the  para­
sitic fungus e ither failed to hatch  o r gave 
rise to prezoeae, none of w hich  was ever 
observed to develop into a norm al first 
stage zoea.

In the beginning recognition of an in ­
fected crab “sponge” (egg m ass) was de­
pendent upon microscopic exam ination. 
Later, how ever, conspicuous surface patches 
of characteristic color were observed, thus 
providing a ready index of heavy infection. 
Rogers (1945) show ed that the infection was 
alm ost always superficial occupying a layer 
about three m illim eters in thickness over the 
periphery of the sponge and  rarely pene­
trating  m uch deeper into the egg mass 
(fig. 6). T his surface condition obtains 
both in heavy an d  ligh t infections. In  a few 
sponges infected eggs were found  w ithin 
the sponge mass b u t no t in significant num ­
bers. Seemingly, spread of infection over 
the surface is rapid , whereas, th e  rate of 
penetration tow ard  the interior of the sponge 
is extremely slow.

W hat m ay constitute the barrier against 
penetration of spores deeper so as to infect
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the inner eggs has puzzled  us. T h e  stages 
of developm ent of eggs th ro ughou t the in ­
fected sponge are qu ite  sim ilar, indicating  
uniform ly favorable conditions for the 
survival and  grow th  of the  eggs. T h e  light 
factor, of course, differs betw een the peri­
pheral layer and the inside. Professor Couch 
refers to the sluggish m ovem ent of the 
zoospores. Perhaps a better know ledge of 
their behavior m igh t suggest an  explana­
tion for the parasite being restricted to  the

surface layer. Since the eggs are attached 
du rin g  only about tw o weeks, the period 
is lim ited for infection by and spread of 
the parasite.

Sponge crabs, the females bearing an egg 
mass, may be collected in sum m er a t con­
siderable distances from  the m outh of the 
Bay, such as the R appahannock River and  
some distance above Pagan C reek in the 
James River (fig. 1). T h e  sponges are usu­
ally orange or b righ t yellow in color indi­
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eating  th at they are freshly laid and  that 
the  crab is m ig ra tin g  dow n the Bay or river 
to w aters of h igher salinity for the purpose 
of hatching. O ur records indicate th at 
practically no infection occurs near the up- 
bay an d  up-river lim its of sponge crab dis­
tribu tion , namely, the R appahannock River 
and  M objack Bay areas. W e have observed 
it to occur occasionally near the m ou th  of 
th e  Y ork  River and  m ore often at Buckroe 
Beach. H ow ever, in  the Cape Charles— Cape 
H enry— W illoughby Spit— Old Point area, 
roughly designated in figure 1 by the crab 
sanctuary, a large proportion of the egg 
bearing  crabs, rang ing  as high as eighty 
percent per sam ple and  averaging an esti­
m ated sixty percent, was infected du rin g  
a large p a rt of th e  period of observation 
(Rogers, 1945). O ne A ugust collection of 
seventy-seven sponge crabs from  the area

of the  sanctuary off L ynnhaven contained 
fourteen sponges sufficiently infected w ith 
patches of fungus grow th  to m ake it visible 
to the naked eye. Expectedly those show ing 
least infection w ere the orange and  bright 
yellow or youngest eggs.

By establishing the  follow ing designations 
fo r degree of infection—slight, m oderate, 
heavy, very heavy and  uninfected— it was 
hoped th at definite seasonal and locality 
characteristics of infection w ith  respect to 
eggs in different developm ental stages m ight 
be revealed. In  general, however, the data 
are inconclusive and do not perm it of de­
tailed analytical treatm ent. C ertain points 
are of interest. T here  is no evidence to in­
dicate th at the spores of the parasite display 
a preference for eggs in any particular stage 
of developm ent. I f  such a preference does 
exist, its effect as indicated by percentage



infection of the eggs of different ages is 
concealed seemingly by the pronounced 
effect on degree of infection produced by 
variation in the tim e that the eggs are ex­
posed to the  spores. A t present there is no 
way of determ in ing  how  long crabs bearing 
eggs of a certain  age have been in  the in­
fected area. In terpreta tion  of the  data be­
comes difficult since inform ation is lacking 
on  th e  follow ing points: 1, time th at the 
crab m u st be in  the infected area to become 
parasitized; 2, tim e th a t the observed crabs 
have been in the exposed area; and 3, stage 
of developm ent th at the crabs were in  w hen 
they reached the infected waters. W ith  Mrs. 
Sandoz num erous field and laboratory ob­
servations were m ade w ith  respect to trans­
m ittance and  infection of the  different de­
velopm ental stages. W hile the infection was 
found  to spread rapidly in laboratory cul­
tures, little is know n  of the degree of spread 
of the  infection to uninfected eggs under 
n a tu ra l conditions. Since the percentage of 
infected yellow sponges w hich vary from  
about 1 to 5 days in age may be as high 
as 40, it is clear th at a period of one or two 
days is qu ite  significant as far as tim e re­
qu ired  for infection in nature is concerned. 
T h ro u g h o u t the open season, sponge bearing 
crabs m igrate  into the sanctuary from  less 
saline waters. Some have an  orange or 
light yellow colored sponge on arrival, 
w hereas some are far advanced in develop­
m ent an d  about ready to hatch, hence, they 
may not be in the  infected area long enough 
to ge t parasitized. It appears that the heavi­
est infection m ay be expected on those 
sponge crabs that have been exposed to 
the  fungus the longest tim e regardless of 
the developm ental stages of the eggs. P rob­
ably, therefore, infection is m ore often in 
the brow n and  black sponges because of 
the longer tim e that they are likely to be 
exposed ra ther than  because they are  less 
resistant to the parasite.

N o  definite annual variation in degree 
of infection has been dem onstrated due, 
perhaps, to an  insufficient num ber of ob­
servations. An effort was m ade to recognize 
possible seasonal variations in the character 
and  degree of infection. H ow ever, such
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attem pts w ere not conclusive due in  large 
part to the difficulty of em ploying sound 
statistical m ethods of sam pling the crab 
populations. T he results of certain prelim i­
nary quantitative estimates are given in  the 
masters degree thesis by Rogers (1945).

W e have observed heavily infected sponge 
crabs from  just outside of the m outh of the
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Bay, south of Cape Charles. But, apart from  
these data, there appear to be no records 
show ing the absence or extent of presence 
of this parasite outside of Chesapeake Bay. 
T he works of Sm ith  (1938) an d  Galtsoff 
(1933) w ho investigated the effect of a fu n ­
gus-like parasite on the com m ercial sponge 
industry of the  Baham as are of partic­
ular interest.

Localization of the infection to the peri­
pheral zone of the sponge m inim izes the 
likelihood of L agen id iu m  callinectes Couch 
being responsible fo r significant declines in 
the abundance of crabs. R andom  samples, 
however, should be taken each season so as 
to recognize any possible annual fluctuation 
in the degree of fungus infection that, thus 
far, m ay not have occurred.
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