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of an interconnected complex of hyphae joined to one another at a multitude of 
points by anastomoses (Fig. 7). The close association of byphal anastomoses and 
nodal formation was stressed by van Tieghem and Le Monnier (1873: 378) when 
they described Syncephalis originally, and it bas been noted or illustrated sub
sequently by many other students of the genus (Bawcutt 1983; Benjamin 1959; 
Dade 1937; Embree 1965; Hunter and Butler 1975; Thaxter 1897). Formation 
of nodes is a phenomenon that distinguishes Syncephalis species from other haus
toria! zygomycetes, and it is a characteristic of S. tenuis-in addition to its dis
tinctive zygospores (Kuzuha 19 80)-that argues against the transfer of this species 
to the Dimargaritaceae as a species of Spinalia (Zycha 1935; Zycba, Siepmann, 
and Linnemann 1969). Nodes formed by byphal anastomoses often give rise to 
ordinary branches (Fig. 13, 14), but branches also form from small spindle-shaped 
swellings resembling nodes. In older cultures, however, the more conspicuous 
nodes are those formed following anastomoses. These often are 4-8 J.Lm or more 
wide, multinucleate, and more or less globoid or irregular in shape due to devel
opment of tapered extentions of their component hyphae. In age, they may be 
separated by adventitious septa from one or more of their attached but moribund 
hyphae. Similar septa also are present in ageing or dead hyphae. 

Within 2.5 to 3 days, hyphae of the aerial vegetative mycelium of S. hypogena 
establish new sites of infection upon contacting the host by the formation of 
relatively large, lobate appressoria (Fig. 9, 10, 14) of the kind commonly observed 
in species of Syncephalis (Benjamin 1959; Embree 1965; Hunter and Butler 1975; 
van Tieghem 1875). Infective hyphae penetrate the host wall (Fig. 10) and form 
an internal mycelium like that established earlier by the germ mycelium. 

Sporangiophore development in S. hypo gena is similar to that reported in other 
species of the genus (Bawcutt 1983; Benjamin 1959; Dade 1937; Embree 1965; 
Hunter and Butler 1975; Indoh 1962; van Tieghem 1875; van Tieghem and Le 
Monnier 1873). Sporangiophore initials may appear within 2.5 days, but they 
usually are really numerous only after 4 or 5 days. Within 5 or 6 days sporan
giophores with mature merosporangia may be present in small or large numbers. 
Development of a sporangiophore is signaled by the formation of a compact 
rhizoidlike system of short, robust, dichotomous branches (Fig. 15, 19) which 
arise terminally or laterally on the aerial vegetative hyphae. As sporangiopbores 
mature, these rhizoidal complexes may remain free, but they more commonly 
encircle or adhere to neighboring objects which they have fortuitously contacted 
(Fig. 21), usually their own or host hyphae, or the wall of the culture chamber. 

In most instances, a single sporangiophore arises from near the center of each 
rhizoidal system (Fig. 15, 19). The stalk elongates to its ultimate length then 
enlarges distally and forms a nearly globose ampulla from which 20 to perhaps 
50 merosporangia, depending on the size of the ampulla, bud out from the lower 
surface (Fig. 16, 20). As these elongate (Fig. 21) and mature, they form a pendant 
aggregate encircling the upper end of the stalk (Fig. 17, 18, 22). This pattern of 
development is typical of the species, for it characterizes all of the larger, well
formed sporophores. However, rhizoidal systems giving rise to two or even three 
smallish sporangiophores are not uncommon. These sporangiophores are mostly 
more or less aberrant in that they often produce a small number ofmerosporangia 
which may arise on one side only or even on the upper surface of the ampulla. 
Spores produced in merosporangia formed on depauperate sporangiophores ap-
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Fig. 19-23. Syncepha/is hypogena. All photographs are of living material unless otherwise indi
cated.-19. Fully developed rhizoidal system from which a young sporangiophore is just beginning 
to emerge (arrow).-20. Young sporangiophore in lateral view showing basal rhizoids and immature 
merosporangia arising from lower surface of ampulla (KOH-phloxine).-21. Nearly mature sporan
giophore in lateral view showing basal rhizoids clamped to a host hypha, and the complement of 
elongate merosporangia surrounding the upper end of the stalk (KOH-phloxine).-22. Mature spo
rangiophore below and mature zygospore above.-23. Mature zygospore as seen in optical section 
showing thick-walled endospore containing a single refractive globule. (Fig. 19, 23, bar with Fig. 19 = 

I 0 ILm [x I 000); Fig. 20-22, bar with Fig. 20 = 20 ILm [ x 650).) 
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pear to be similar in all respects to those of typical sporophores, showing no 
cytological evidence of abnormality. 

Delimitation of spores within the merosporangium of S. hypo gena appears not 
to be fundamentally different from that of other species in which the process has 
been described (Baker, Hooper, and Beneke 1977; Bawcutt 1983; Benjamin 1966, 
1979; Thaxter 1897). The developing sporangiophore and ampulla contain a large, 
essentially indeterminate number of small nuclei prior to merosporangial initia
tion. I could not decide if the several nuclei present in elongating merosporangia 
had entered progressively from the ampulla or were the products of division of 
one nucleus that had entered the merosporangial bud. In any event, the merospo
rangium, prior to spore formation, contains as many as 10-12 nuclei and these, 
as mentioned above, account for the variable number of nuclei found in mature 
spores. The nuclear cycle accompanying spore formation in S. hypogena appears 
to be the same as reported earlier for S. nodosa van Tiegh. (Benjamin 1966). In 
merosporangia forming two spores, the cytoplasm becomes constricted between 
the two presumptive spores, forming an isthmus bordered by a distinct "inter
mediary zone" inside the merosporangial wall like that described originally by 
Thaxter (1897) for an unnamed species of Syncephalis and observed subsequently 
in other species (Benjamin 1959, 1966; Bawcutt 1983). The wall at the tip ofthe 
developing merosporangium, even in those containing a single spore, is separated 
from the presumptive spore below by a small nonstainable zone immediately 
beneath a stainable terminal cap. Each merosporangium is subtended by a small, 
rounded ampullar projection from which it dehisces at maturity. Mature spores 
are separated from one another by circumscissile rupture of the merosporangial 
wall, which persists as a somewhat rugulose, close-fitting outer membrane. 

Sporangiophores bearing only two-spored merosporangia and those with a mix 
of two-spored and one-spored sporangiola appear to be formed in about equal 
proportion. Those having only one-spored sporangiola are present in far fewer 
numbers, perhaps one sporangiophore in ten or even less. In a sample of 130 
sporangiophores sampled, I counted 13 with only single-spored sporangia, 58 with 
only two-spored sporangia, and 59 with a mixture of one- and two-spored spo
rangia. 

Zygospores of S. hypogena were found in relatively small numbers in cultures 
on YpSs/5 at 20 C. Early stages of development of the sexual spores were found 
in some cultures after only 5 or 6 days, and what appeared to be mature zygospores 
were present after 10 days to 2 weeks. The first sign of sexual reproduction is the 
appearance of paired, slightly enlarged branches of the aerial vegetative mycelium, 
which are sometimes more or less spirally entwined near the base (Fig. 24). These 
sexual hyphae or progametangia are unequal in size (Fig. 25) and soon become 
differentiated into proximal suspensors and terminal gametangia by the formation 
of distal transverse septa (Fig. 26). The gametangia fuse apically; the one subtended 
by the larger suspensor enlarges distally (Fig. 26-28) and eventually forms the 
body ofthe zygospore, which is subtended by a well-defined gametangia! remnant 
(Fig. 29-30). From early stages of development of the zygospore, the smaller 
gametangia! remnant assumes a lateral position on the zygospore wall (Fig. 27) 
and remains thus attached through zygospore maturation (Fig. 29). The suspensor 
derived from the slender, presumably male sexual branch usually becomes several 
times septate after gametangia! fusion and, except for an occasional smallish, 
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Fig. 24-30. Syncephalis hypogena. Stages in development of the zygospore.-24. Very young, 
slightly unequal progametangia.-25. Progametangia in later stage of development showing early 
formation of outgrowths near base oflarger progametangium.-25. Apposed sexual hyphae that have 
delimited proximal suspensors and distal, unequal gametangia which have fused apically. Four sterile 
outgrowths have developed near the base of the larger suspensor, and secondary septa have been 
formed in the smaller suspensor.-27-28. Early stages of development of the zygosore by terminal 
enlargement of the larger of the two fused gametangia to which the smaller gametangium remains 
attached laterally. Lobate outgrowths are continuing to develop from the larger suspensor, below and 
above (Fig. 28). A single outgrowth has arisen near the base of the small suspensor shown in Fig. 
28.-Fig. 29-30. Two mature stalked zygospores as seen in optical section (Fig. 29) and surface view 
(Fig. 30). Note the degree of development of lobate outgrowths from the large, zygospore-bearing 
suspensors, and the formation of adventitious septa in the smaller suspensors. (All figures, bar= 10 
~tm (X 825).) 

basal, lobate outgrowth (Fig. 28), is otherwise unmodified. The larger suspensor 
derived from the presumably female sexual branch becomes highly ornamented 
by the formation of more or less numerous elongate, lobate, bladderlike vesicles. 
The first of these develop near the base of the progametangium during the earliest 
stage of its enlargement (Fig. 25). During early stages of gametangia! formation 
and fusion, other outgrowths develop near the base of the suspensor (Fig. 26-27). 
Soon after the zygospore begins to enlarge, additional outgrowths develop from 



VOLUME 11, NUMBER 1 13 

the upper end of the suspensor (Fig. 28). Outgrowths, many of which themselves 
branch, may continue to form from the upper and lowest ends of the female 
suspensor as the zygospore matures (Fig. 22, 23, 29, 30). The mature zygospore 
consists of a brownish, coarsely aculeate-verrucate exospore (Fig. 30) surrounding 
a smooth, colorless, thick-walled endospore-the zygote proper-which contains 
a single, large refractive globule (Fig. 22, 23, 29). 

The pattern of zygospore development in Syncephalis was recently subdivided 
into three distinct types by Kuzuha (1980). In the first of these, represented by 
S. cornu, the gametangia form apically on apposed, nearly equal progametangia, 
and the zygospore enlarges more above than between the point of fusion. The 
mature zygospore bears two prominent, more or less juxtaposed gametangia! 
remnants like those of species of Piptocephalis. One suspensor gives rise to blad
derlike vesicles (Benjamin 1959; Thaxter 1897) as apparently is the case for all 
species of Syncephalis in the light of observations made up to the present. Other 
species having the Cornu-type of zygospore development are S. depressa (Chris
tenberry 1940), S. californica (Hunter and Butler 1975), and perhaps S. reflexa 
(Thaxter 1897). With regard to the last-named species, Thaxter's drawing of a 
mature zygospore (Thaxter 1897: Fig. 15) shows a "male" gametangia! remnant 
attached laterally to a bladderlike outgrowth. This is highly unlikely. A study of 
early stages of zygospore formation in S. reflexa is needed to clarify its devel
opmental type. The second pattern of zygospore formation, the Nodosa-type, still 
is known for only one species, S. nodosa, in which the larger of two slightly 
unequal gametangia develops a lateral, budlike outgrowth which forms the zygo
spore. Bladderlike outgrowths develop distally on the suspensor subtending the 
zygospore-forming gametangium (Bainier 1883; Benjamin 1959; Thaxter 1897). 
The third or Tenuis-type developmental pattern was described by Kuzuha (1980) 
for S. tenuis and S. sphaerica van Tiegh. (1875). In both of these species the 
apposed sexual hyphae differ greatly in width and may be simple or much branched. 
As they elongate, a slender, presumably male hypha, keeps pace with a robust, 
presumably female, hypha. Finally both hyphae delimit terminal gametangia which 
fuse apically. The larger gametangium then enlarges and develops a stalked zygo
spore. The smaller gametangium forms a more or less inconspicuous lateral rem
nant on the surface of the zygospore. The branched female hypha of S. tenuis 
may give rise to 10 or more zygospores, whereas the unbranched hypha of S. 
sphaerica forms only one. Again, lobate outgrowths develop from the large sus
pensor below the septum delimiting the gametangia! remnant. And, according to 
Kuzuha (1980), outgrowths also develop lower down on the suspensor of S. 
sphaerica. In the scheme ofKuzuha, the zygospore of S. hypogena resembles that 
of S. sphaerica and is of the Tenuis-type. 
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FOOTNOTE 

1 Wben this paper (Benjamin 1979) was retyped by a member of the editorial staff, an error was 
introduced on p. 594, l. 17, which reversed the meaning of the statement given, i.e., the sentence 
should read, in part," ... bear great similarity to ... "not" ... bear no great similarity to .... "Other 
errata that would not be readily apparent to the reader include: p. 575, l. 41: Fig. 23.2 Q, R not G, 
R; p. 580, l. 30: add I to Fig. 23.1; p. 580, l. 32: E, KnotE-K; p. 585, l. 7: Fig. 23.1 J not I; p. 585, 
l. 10: (Ellis & Hesseltine 1974) not (1974); p. 594, l. 41: undescribed not understood. 


