
Blastocladiomycota:  
Habitat and Life 

Cycles

W.  Wallace Martin
Randolph-Macon College



A New Phylum:  the 
Blastocladiomycota

• In a recent phylogenetic study (James, et al., 
2006) the Blastocladiales were shown to diverge 
from a core chytrid clade and to be sister to a 
clade including the Zygomycota and other non-
flagellated fungi.  

• On the bases of molecular phylogeny, life cycles 
involving sporic meiosis, zoospores with nuclear 
cap and side-body complex, as well as other 
distinctive features, the Blastocladiales were 
elevated to phylum status - the 
Blastocladiomycota (James, et al., 2006).



Major Topics
• Brief History of the Blastocladiomycota

• Major Genera and Life Cycles

• Biology of parasitic genera:  

‣ Coelomomyces (in mosquito larvae and 
crustaceans)

‣ Catenaria (in midge eggs)

‣ Coelomycidium (in blackfly larvae) 



Early History of the 
Blastocladiomycota

• 1878 - P. F.  Reinsch established the 
genus Blastocladia and placed it in the 
Saprolegniales.  

• 1896 - R. Thaxter studied Reinsch’s 
species, and noted the unique structure 
of the Blastocladia zoospore and 
resting spores and described 
Blastocladia ramosa. 



Dr. Roland Thaxter in his laboratory

Photograph from the Farlow Reference Library of 
Crytogamic Botany Archives - Thge Roland Thaxter 

Collection.

Botanical Gazette 1896, 21:45-52, plate 3



Early History of the Blastocladiomycota 
(Continued)  

Zoospore 
Studies

Life Cycle 
Studies

•1909 - H. E. Petersen - established the order 
Blastocladiales to accomodate the genus Blastocladia.

•1911 - E. J. Butler - described Allomyces as the 
second genus of the Blastocladiales.

•1930 - Hans Kniep – showed Allomyces javanicus had 
a type of sexuality unlike other fungi – an isomorphic 
alternation of generations. 

By 1930 the unusual features of the zoospore and 
the life cycle of the small order had been reported.



Allomyces 
macrogynus

Catenaria 
anguillulae

Physoderma maydis

Blastocladiella 
emersonii 

Photo 1 from Fuller, M. S. and L. W. Olson.   
1971.The zoospore of Allomyces, 66:171-
183.
Photo 2 from ASM MicrobeLibrary.org
Photo 3 from Olson, L. W. and L. Lange.  
1978.  The meiospore of Physoderma 
maydis. Protoplasma 97:  275-290.
Photo 4 from Reichle, R. E. & Fuller, M. S.  
1967.  The fine structure of Blastocladiella
zoospores.  Am. J. Bot. 54: 81
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From the late 1960‘s to the mid-1980‘s 
studies revealed the structure of 

zoospores of major genera of the 
Blastocladiales

Zoospore Studies



•1941 - Ralph Emerson demonstrated 
three life cycle types in Allomyces
which he designated as subgenera:  
Euallomyces, Cystogenes, and 
Brachyallomyces

Photo of Ralph Emerson as past president of the Botanical Society of America at 
http://www.botany.org/about_bsa/president.php

Life Cycle Studies

• Since the time of Emerson’s work, 
investigators have sought to ascribe 
new genera and species of the 
Blastocladiales  to one of the three 
subgenera. 



N 2N

Karyogamy

Meiosis
Modified from Emerson, R.  (1941). Lloydia 4, 77-177

Sporophyte = large 
branching thallus 

with meiosporangia 
and  mitosporangia

Gametophyte = 
large branching 

thallus with 
homothallic, 
dimorphic 

gametangia

Allomyces arbuscula is an example of the 
Euallomyces life cycle (an isomorphic 

alternation of generations)



Meiosis

Karyogamy

Gametothallus 
(Haplophase)  

2N N

Sporothallus
(Diplophase)

Examples:  Allomyces arbuscula
Coelomomyces sps.
Physoderma sps. (some?)
Blastocladiella variabilis

The Euallomyces life cycle can be represented as 
a circular diagram with similar sporophyte (2N) 

and gametophyte (N) generations  



Allomyces moniliformis is an example of 
the Cystogenes life cycle (a heteromorphic 

alternation of generations)

N 2N

Karyogamy

Meiosis

Gametophyte = 
meiospores, 
cysts, and 
gametes

Sporophyte = large 
branching thallus 

with 
meiosporangia and  

mitosporangia

Modified from Emerson, R.  (1941). Lloydia 4, 77-177



Sporothallus
(Diplophase)

Gametothallus
(Haplophase)

The Cystogenes life cycle as a diagram with 
large sporophyte (2N) and small (unicellular) 

gametophyte (N) generations  

2N N

Meiosis

Karyogamy

Examples:  Allomyces moniliformis
Allomyces neo-moniliformis
Catenaria allomycis
Blastocladiella cystogena



Sporothallus
(Diplophase)

Genera:   Allomyces anomalus
Catenaria anguillulae
Physoderma sps.  (some)

meiosis

apomyxis
2N mitosis

The Brachyallomyces life cycle as a diagram with 
large sporophyte (2N) and no alternation of 

generations



Life Cycles of Major Genera of the 
Blastocladiomycota

Euallomyces Cystogenes Brachyallomyces

Allomyces X X X

Blastocladia X?

Blastocladiella X X X

Catenaria X X 

Coelomomyces X

Coelomycidium X?

Physoderma X? X?



• While instructions for collection and 
demonstration of saprophytic members   
of the Blastocladiomycota are 
available,  similar information for the 
parasitic members of the group is 
limited.

• The remainder of this presentation 
deals with the entomopathic members 
of the Blastocladiomycota:  
Coelomomyces, Catenaria, and 
Coelomycidium and will demonstrate 
how these genera may be collected 
and demonstrated in the classroom.



Coelomomyces
• Commonly occurring obligate parasites of 

mosquitoes and midges, many with a crustacean 
(copepod or ostracod) alternate host 

• Collected on mosquitoes from all major 
continents, including major vectors of human 
disease (60 species1)

• Dr.  J. N. Couch (1968) was able to maintain, in 
the laboratory, larvae of Anopheles quadrimacu-
latus infected with Coelomomyces punctatus  

• Couch and Bland’s book (1985) is the definitive 
authority on the biology of the genus. 

1Couch, J. N., and C. E. Bland [eds.], The genus 
Coelomomyces.  Academic Press, Orlando, FL.



Coelomomyces 
(continued)

• Studies have reported varying infection levels and 
persistence by the parasite (infection rates generally 
ranging from 10-100%).  However it is clear that the 
genus is important in the natural regulation of 
mosquito populations.

• The possible use of Coelomomyces in the biological 
control of mosquito populations has been (and 
continues to be) a goal of many researchers.



• In 1974 Howard Whisler and co-
workers made an amazing discovery 
- Coelomomyces psorophorae
required the copepod Cyclops 
vernalis as an alternate host!    

• Subsequent studies have shown that 
a dipteran/crustacean alternation of 
hosts is the rule in Coelomomyces.

• In vivo culture of Coelomomyces
species has permitted meaningful 
experimental studies involving 
systematics, physiology, and 
molecular phylogenetics  

• Success of in vivo culture has also 
permitted studies aimed at in vitro
culture physiology and biochemistry, 
and molecular phylogenetics.  



• For “Dipping” - you will 
need hip-boots, a long-
handled dipper, a 
pipette, and a vial with 
cap

Collecting Coelomomyces in 
mosquito larvae



Collecting 
Mosquitoes is fun! 



Collecting Methods 
(continued)

• Move about slowly -
mosquito larvae are 
usually present on the 
water surface but dive 
quickly when water is 
disturbed

• “Dip” using continuous 
motions that maximize 
sampling of surface 
areas but do not 
disturb the water. 




Identification of Larvae 
Infected With 

Coelomomyces 
Heavily infected larvae
are often sluggish and 

reddish brown or orange 
in color



Dissection of 
Larvae/induction of 
zoospore release

Above pictures from Couch, J. N. 
and C. E. Bland.  1985.   Taxonomy, 
In J.N. Couch and C. E, Bland [eds.] 
The genus Coelomomyces.  
Academic Press, Orlando, FL.

Discharge of meiospores
from resting sporangia is a 

dramatic event! 

Approximately 24 hours     
after dissection of larvae in 
water the RS of several 
species of Coelomomyces
are in the “go stage.”  
Meiospore release occurs 
10-15 minutes after a 
coverslip is added to the 
slide. 



....Collecting continued
• Copepods and ostracods infected with gametophytic stages of 

Coelomomyces may be collected using a fine mesh plankton net 
(<200 μm)

• Collections are transported to the lab and are then screened 
microscopically for infection



Observation of Infected 
Copepods 
Developing gametangia 
are difficult to observe.  
After a brief period of 
swarming the gametes 
quickly exit through the 
copepod cuticle. 

In Coelomomyces punctatus
the male gametangia(M) & 
gametes are orange and the 
female gametangia (F) & 
gametes are amber in color.

Cyclops vernalis from Karl Havens -
Zooplankton Ecology Web Site. 
http://fishweb.ifas.ufl.edu/planktonweb/Cyclops
.jpg&imgrefurl=.

Gametangia of C. punctatus from Couch, J. N. 
and C. E. Bland.  1985.   Structure & 
Development, In J.N. Couch and C. E, Bland 
[eds.] The genus Coelomomyces.  Academic 
Press, Orlando, FL.

M

http://fishweb.ifas.ufl.edu/planktonweb/Cyclops.jpg&imgrefurl=�
http://fishweb.ifas.ufl.edu/planktonweb/Cyclops.jpg&imgrefurl=�


Coelomomyces -
Occurrence and Natural 

Control
• Coelomomyces-infected mosquitoes have been 

collected on all major continents.   There is at least one 
species known for each major vector of human disease.

• While ecology of some (major vector) mosquitoes is 
well known, little is known of the physical and 
environmental factors controlling Coelomomyces
infections in nature.

• Field studies indicate that Coelomomyces is important 
in the natural control of mosquito populations with 
reported infection levels varying widely but generally 
ranging from 5%-100% of sampled larvae.



Future studies of Coelomomyces                          
& the problem 

• In vitro culture of Coelomomyces 
psorophorae and Coelomomyces punctatus
has been obtained on a limited basis but 
these studies have not yet resulted in normal 
or functional products.

“The potential for use of the various species of Coelomomyces in 
biocontrol is promising, but...the application of this fungus to large 
areas will never occur until both sporangia and mosquito infective 
zygotes can be produced by in vitro means.” (H. C. Chapman )1

1 In J.N. Couch and C. E, Bland [eds.] 
The genus Coelomomyces.  Academic 
Press, Orlando, FL.



Catenaria
• Catenaria is a small genus of blastocladiaceous fungi that 

contains both saprophytic and parasitic members.  

• New Catenaria species have recently been discovered as 
parasites of midge eggs (C. spinosa, C. ramosa, and C. 
uncinata) that cause dramatic epizootics and exert a 
complex natural control of midge populations over wide 
geographic areas.

• Catenaria uncinata is a commonly occurring parasite in 
eggs of the midge Glyptotendipes lobiferus.  

• Various stages in the life cycle of C. uncinata will be 
presented following an introduction to the midge life cycle 
and methods for collection of eggs.   



Midges or Chironomids
• The Chironomidae or 

“non-biting midges” 
comprise a large group 
of dipteran insects

• Midge larvae are the 
most abundant benthic 
macroinvertebrates in   
aquatic ecosystems

• Chironomids are an 
important food for fish, 
predatory aquatic 
insects and water fowl, 
they consume algae & 
organic debris

Chironomid 
Life Cycle

gelatinous 
egg mass

1-500 eggs/mass

Pupa  
short-lived stage 

Larvae or 
“Bloodworm”

Non-Biting Adult



Collecting Catenaria
(and lots of other interesting 

fungi) in midge eggs
• For “Dipping” - you will 

need the same basic 
supplies for mosquito 
collecting, but a different 
technique 



....Collecting (continued)

• Midges lay egg 
masses attached 
by a gelatinous 
strand or “tether” 
to roots, floating 
vegetation, or 
leaves.  



....Collecting (continued)

gelatinous
“tether”

egg mass

egg mass



....Collecting continued

• A “vigorous dip” 
is often required 
to break the 
strand so that 
egg masses can 
be collected




....Collecting continued
• Midge egg masses 

may contain few to 
many hundreds of 
individuals within a 
common gelatinous 
matrix

• While keys for 
species ID are based 
on larval 
morphology,  the 
shape    of the egg 
mass and eggs can 
be helpful in 
identification. 



Catenaria uncinata - a 
parasite of the midge 

Glyptotendipes lobiferus
• This midge occurs in lakes and ponds throughout 

North America.

• Large numbers of  G. lobiferus are cited as indicative 
of eutrophic conditions.  

• Catenaria uncinata is responsible for  dramatic 
epizootics in G. lobiferus over wide geographic areas.  

• The parasite has a narrow host range infecting only 2 
of 15 species tested.



Normal Development in Egg Masses 
of Glyptotendipes lobiferus

Egg masses 
are 1-1.5” 

when first laid, 
several 

hundred eggs 
within a 

transparent 
gelationous 

matrix



Normal Development in Egg Masses of 
Glyptotendipes lobiferus




Glyptotendipes 
lobiferus

Early stage of development, 
eggs recently laid - no 

organogenesis



Glyptotendipes 
lobiferus

Late stage of larval development, 
organogenesis complete



Glyptotendipes 
lobiferus

Eggs have hatched, first instar larvae feed on 
gelatinous matrix before exiting  




Egg masses and eggs of of Glyptotendipes lobiferus
are infected by zoospores of Catenaria uncinata

Zoospores in the egg mass 
matrix moving toward eggs.  
Locomotion by “filose 
pseudopodia.” Speed 5X




Catenaria uncinata
in eggs of  

Glyptotendipes lobiferus

Zoospore cysts 
on egg



Catenaria uncinata
on 

Glyptotendipes lobiferus

Catenaria uncinata in 
eggs of 

Glyptotendipes lobiferus
Penetration of the chorion, development of young 
thalli, death of the embryo (penetration must occur 
prior to completion of organogenesis for successful 
infection).



Catenaria uncinata in 
eggs of 

Glyptotendipes lobiferus
Catenulate thalli produce swellings 
that develop into thin-walled 
zoosporangia



Chorion distended and subsequently 
ruptured, releasing the zoosporangia 

Catenaria uncinata 
in eggs of 

Glyptotendipes lobiferus



Zoospore discharge occurs 24-48 hours after release of zoosporangia from eggs.  
Zoospores swim to adjacent egg masses and initiate infection.  Speed 5X.  

Catenaria uncinata in 
Glyptotendipes lobiferus




Coelomycidium parasitic in black 
flies Occurrence & Natural control

• Only one species - Coelomycidium simulii has been 
described in larvae of Simuliidae  

• Coelomycidium has been found in larvae of a variety 
of black fly species throughout the world - occurrence 
is reported as sporadic with low levels of infection.

• Little is known about the life cycle - large numbers of 
thin-walled zoosporangia are found in often intimate 
contact with host tissues.    Thick-walled resting 
sporangia are reportedly formed late in the season.

• It is likely that new species of Coelomycidium await 
discovery and description



Simuliidae - Black Flies 

Life Cycle Larvae attached to  
rock surface



Coelomycidium on Black Flies

Zoosporangia in 
head capsule

Larvae opaque 
and filled with 
zoosporangia



Coelomycidium on Black Flies
Thin-walled zoosporangia 
in infected larvae – shapes 
vary from rounded to 
ellipsoidal, often 
angular from 
mutual pressure



• The Blastocladiomycota comprise a phylum distinguished 
from other fungal groups by their molecular phylogeny, the 
unique structure of their zoospores and by their life cycles 
which often involve an isomorphic or heteromorphic 
alternation of generations. 

• Entomopathic genera such as Coelomomyces, Catenaria, 
and Coelomycidium play an important role in the natural 
control of invertebrate populations in aquatic ecosystems but 
are seldom collected & made available to students.

• Methods are provided to aid the mycological community in 
collectioning and identifying important stages in the life 
cycles of entomopathic Blastocladiomycota so that they 
might be used in teaching and research applications.

SUMMARY
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