
Table 1. Effect  of various t r ea tments  011 the  Feulgen 
s ta in ing  of sgmbiotes a n d  nuclei of follicle cells.* 

Feulgen 
reaction 

2nd 
1s t  t r ea tment  

Follicle Sym-
nuclei biotes  

LTone 	 DNAse  - t 
DNAse  control + t 

I N  KC1 at 60°C; DNAse  - t 

1 0  min  DNAse  control t t 


-B N A s e  ; 0.2 mg/ml ; DNAse  t 
56°C f o r  2 hr DNAse  control t t 

None - t 

R N A s e  control 	 None i i 

S a l i v a ;  30 min  ; DNAse  - + 
room temp. DNAse  control t t 

2X crystalline pepsin;  	 DNAse  - -
2.0 mg/ml  in 0.02N DNAse  control t t 
HC1; 37°C ; 45 m i n  None t t 

Pepsiu. controls 	 None t t 

* DNAse : 0.1 mg/ml in phosphate buffer pH 7.5 with gela- 
t in  and magnesium sulfate a t  roOm temperature for  45 min. 

Controls : same conditions as  respective enzyme solutions 
except absence of the enzyme. 

DNAse and RNAse obtained from the Worthington Bio-
chemical Laboratory, Freehold, N.J. ; pepsin obtained from 
the Nutritional Biochemical Corp., Cleveland, Ohio. 

oxyribonuclease (DNAse) (12). A concentration of 
0.1 mg/ml of DNAse in phosphate buffer completely 
removed all Feulgen-positive material from the nuclei 
of the follicle cells and other cockroach tissues within 
30 min, but the symbiotes remained Feulgen-positive 
even after 4 h r  exposure to the enzyme. To eliminate 
the possibility of interfering substances staining with 
Feulgen, free aldehydes and acetals were blocked by 
hydroxylamine (13). The results indicate that the 
staining of the microorganisms is not due to either 
of these groups. 

Perhaps the failure of DNAse to remove the 
Feulgen-positive material is a result of the inacces- 
sibility of the DNA which is protected or masked in 
some way by other cellular constituents. This possi- 
bility has been explored by pretreatment of sections 
with ribonuclease (RNAse) (14), acid hydrolysis, 
saliva and pepsin followed by DNAse. These experi- 
ments and the results are  summarized in Table 1.The 
resistance of the DNA of the microorganisms to 
DNAse was unaffected by predigestion with RNAse, 
saliva, and acid hydrolysis. However, pretreatment of 
sections with 2.0 mg/ml of pepsin fo r  45 min a t  37OC 
was sufficient to allow removal of the Feulgen-posi- 
tive material from the microorganisms by DNAse. 
Sections in the DNAse control solution (that is, the 
same solution and conditions minus the enzyme) and 
sections in the pepsin control were hydrolyzed and 
stained simultaneously with the DNAse-treated slides. 
The nuclei of the follicle cells were considered the 

control for  the activity of DNAse and the other en-
zymes and reagents. 

I n  conclusion, the symbiotic microorganisms of the 
cockroach contain DNA as revealed by the Feulgen 
reaction. Unlike the nuclei of the cockroach tissues 
the DNA of the symbiotes in the oocytes and myceto- 
cytes is resistant to digestion by DNAse without pre- 
vious exposure to the proteolytic enzyme pepsin. 
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The improved method for  growing lamellibranch 
larvae developed a t  the U.S. Fish and Wildlife Serv- 
ice laboratory, Milford, Conn., has offered many new 
possibilities and approaches fo r  studying the behavior 
and physiological and ecological requirements of these 
organisms (I, 2 ) .  Using this method, the larvae of 
inore than 1 5  species have been successfully cultured 
through metamorphosis a t  our laboratory. Of these, 
however, the larvae of the common clam, Ve9zus mer- 
celzaria, and of the American oyster, Crassostrea v i r -  
gimica, have been most widely studied (3, 4). 

Clam larvae are especially suitable fo r  experimen- 
tal work, and usually their cultures are carried through 
metamorphosis without experiencing undue diBculties. 
On several occasions, however, some cultures of a n  ex- 
perimental series would show a heavy mortality unre- 
lated to the experimental treatment. Recently, while 
examining such a culture of clam larvae, Davis noticed 
an organism, which was tentatively identified as  a 
fungus, in many of the dying and dead larvae. Loos- 
anoff and Davis later observed the same or a related 
fungus in larvae of C. virgimica, Velzus mortowi, and 
the hybrids of V. mortowi O crossed with V. mercen-
aria 8 and V. mercelzaria O crossed with V. mor-
tolzi 8 .  

The presence of fungus in our larval cultures ap-  
pears to  be of endemic nature. Usually there are only 



a few infected larvae in many of the cultures, yet only 
in rare instances does the disease acquire epidemic 
proportions, involving the majority of the larvae, and 
within 2 to 4 days killing almost the entire population. 

During the outbreak of the epidemic, many larvae 
may be observed in various stages of disintegration, 
with the fungus quite apparent in their interior. Usu- 
ally several species of flagellates and ciliates invade the 
dead or dying larvae to feed upon their tissues, leav- 
ing, within a short time, empty shells with practically 
no traces of the fungus. Even in the cultures in which 
mortality is especially severe, there usually are some 
larvae that live through the epidemic without con- 
tracting the disease, which suggests the possibility that 
they may be immune to the fungus. 

Fig. 1. Larvae infested with 
fungus. A and B, young 
oyster larvae; C, young clam 
larva; D, old clam larva; B, 
young clam larva. Larvae A, 

Larvae of all ages, from the very early free-swim- 
ming stage to those ready to metamorphose, have been 
seen parasitized by the fungus. Individuals that had 
already metamorphosed into juvenile clams have also 
been found heavily infested on several occasions, and 
release of zoospores from the fungus in such animals 
was observed. 

At present we do not know the optimum tempera- 
ture or salinity for the growth of the fungus or the 
limits i t  can withstand. Thus far, the larval cultures 
in which the fungus infection was noticed have been 
kept within a temperature range of 19.0 to 27.0°C 
and in a salinity of about 27.0 parts per thousand. 
Nor do we know whether some infected larvae may 
survive the infection, recover from it, and later pro- 

B, C, and E are stained 
neutral red, larva D, 
cotton blue (x 224). 

with 
with 

The fungus is transmitted by zoospores which 
emerge through the tip of the exit tube that the spo- 
rangium puts forth to the exterior of the infected 
larva. The zoospores are released in an intermittent 
stream from these openings, and for a short time they 
are seen swarming near the edges of the shells of the 
larvae from which they were released but soon dis- 
perse through the water. Theoretically, densely 
crowded larval cultures should present a better op- 
portunity for development of fungus epidemics than 
field conditions, because of the proxiinity of the larvae 
to one another and, hence, the difficulty of their escap- 
ing infection by the large numbers of zoospores 
swarming about in the water. 

ceed with normal development. I t  seems, however, 
that the majority of the larvae stop growing and die 
soon after they become infected. 

Even in this preliminary phase of our investiga- 
tions, we find that the nature and development of the 
fungi responsible for this destructive disease show 
certain distinctive and s i g d c a n t  features. Within the 
larvae, the fungus develops as a contorted, looped, and 
sparsely branched thallus of t o d o s e  character with 
constrictions a t  intervals between the swollen and 
often lobed segments. I n  both oyster and clam larvae, 
the thallus may be limited in extent, occupying a rela- 
tively small part of the shell cavity, so that its form 
and structure can be readily seen (Fig. 18, B, C). 



I11 contrast, in many of the specimens of invaded clam 
larvae examined, there is much more extensive growth, 
the fungus occupying a large proportion of the shell 
cavity with its lobes or segments so densely crowded 
together in a radiate arrangement that the details of 
thallus organization cannot be discerned with cer-
tainty (Fig. I D ) .  I t  has not yet been determined 
whether this difference in thallus character indicates 
that the simpler, less extensive growth represents a 
younger phase which will later develop into the more 
elaborate one or signifies that two different species of 
fungi are  concerned. 

As the fungus rapidly develops, the segments ma- 
ture into sporangia, each with an exit tube extending 
to the exterior, as can be seen in Fig. ID.  The zoo- 
spores, already fully developed, emerge through these 
tubes into the surrounding water. I n  some larvae, the 
tubes may protrude considerable distances from the 
larval shells (Fig. 1E). 

No sexual stage of the fungus or  any resting spores 
or other resistant entities have been seen in any of the 
many specimens examined. 

Although the identity of the fungi concerned has 
not yet been specifically determined, their taxonomic 
affiliations are  sufficiently clear to permit tentative 
designation. Since their thalli are simple in organiza- 
tion with limited extent of development, since their 
walls show a weak but conclusive cellulose reaction to 
chloroiodide of zinc, and since their zoospores are  
biflagellate, i t  is clear that these fungi belong among 
the lower members of the biflagellate series of the 
Phycomycetes. F o r  generic affiliation within this 
series, the genus Lagenidium a t  once suggests itself 
both because the looped, contorted, and torulose na-
ture of the thallus is similar and because one species, 
Lngeniclium calinectes, is known to occur in salt water 
and to cause similar destructive epidemics among the 
larvae of the blue crab in Chesapeake Bay ( 5 ) .I n  con- 
trast to Lage+zidium,however, the zoospores in the 
fungi of our clam and oyster larvae are  already fully 
developed when they emerge from the sporangiu~ll 
through the exit tube and are ready to swim away. 

All the critical distinctive features of these fungi 
affiliate them most closely with the genus Sirolpidium 
of the family Sirolpidiaceae. Yet the two species of 
Sirobpidium thus f a r  recognized, although both are 
marine and parasitic, have been reported only on such 
algae as Bryopsis and Ceramium and have never been 
found on animal hosts. Therefore, the indications are 

that the fungi attacking the larvae of clanis and 
oysters probably represent one or perhaps even two 
new species. 

It was shown by Loosanoff that the fungus acquires 
a deeper stain than larval tissues if living larvae are  
kept in a solution of neutral red in sea water. Thus, 
this stain can aid in detecting the first appearance of 
the fungus, and also, by "tagging" the infected larvae, 
we can study the progress of the epidemics, the per- 
centage of survival of fungus-affected individuals, and 
other pertinent features. Neutral red may also prove 
valuable in staining mass samples of natural plankton 
for  easier examination and for  determining whether 
some of the organisms constituting it  are infested 
with the fungus. The usual cotton blue lactophenol 
technique can also be used to demonstrate presence of 
the fungus in preserved samples. 

I n  experiments a t  the U.S. Fish and Wildlife Serv- 
ice laboratory a t  Milford, we are attempting to find 
which additional species of lamellibranch larvae may 
become infected with the fungus disease. At  the same 
time, we are carefully examining the internal condi- 
tion of the larvae found in our field plankton samples 
to ascertain whether the fungus occurs under natural 
conditions. 

We believe that this is the first report of a fungus 
parasite in lamellibranch larvae. Since only a few 
cases of the occurrence of parasitic fungi in marine 
animals are known, this discovery should be of consid- 
erable biological interest. The possibility exists that  
the occurrence of an epidemic of this fungus among 
lamellibranch larvae in nature may seriously affect the 
sequence of events in the food chain. It is also possible 
that if we develop a method f o r  control of the fungus 
under hatchery conditions, a problem on which we are  
working at  prosent, the artificial cultivation of clams, 
Venus mereemaria, and other mollusks may be ren-
dered commercially feasible. 

We wish to express our thanks to our colleague, 
C. A. Nomejko, f o r  preparation of the photograph 
that accompanies this article. 
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