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ABSTRACT

Some bryozoans (Ectoprocta) appear to be
infested- by symbiotic to parasitic algae and fungi.
Filamentous Red alga boring into the recent
Hetevopora  telliculata  has  been  apparently
previously  considered as  “ denticles’” and
‘“ prolongations’’ (in cyclostome Entalophora pro-
boscidea. Canu & Bassler, 1920, after Pergens).
1t is described as conchocelis phase of  Porphyra
drewae, sp. nov (of Bangiales).

Rare blue-green colored fungus infests zooecia in
the recent Heferopora neozelanica, and is described
as Monoblepharis (?) thalassinosus sp. nov. A more
, abundant fungus in this same bryozoan is des-
cribed as Helerosporimyces spinosa, gen. et sp. nov.,
and still another, rare fungus in it, is tentatively
classified as Ordovicimyces recensis, sp. nov. The
genus Ordovicimyces is introduced for the tran-
sitional algo-fungus O. gallowayi, gen. et sp. nov,,
abundant in the ordovician trepostomatous bryo-
zoan Nicholsonella cornula. 1In this same bryozoan
occurs also a rare Blue-Green colonial alga namcd
Prochamaesiphon cumingsi, gen. et sp. nov.

A fairly abundant fungus Propythium car-
honarium, gen. et sp. nov. occurs in the upper
Carboniferous  bryozoan * Bafostomella '’ poly-
spinosa, where also occurs rare Prochamaesiphon
geutleri, gen. et sp. nov., and Prochamaesifphon (?) sp.

INTRODUCTION AND
ACKNOWLEDGEMENTS

HEN studying the literature on fossil

\X/ and living bryozoans, 1 became
interested in the enigmatic micro-
structures which have been repeatedly
described as parts of the bryozoan’s own
structure, even If their function remained
unexplained. Through the kind cooperation
of Dr. Anna Hastings, British Museum
(Natural History) and particularly of Dr.
D. A. Brown, University of Otego, New
Zealand, I was fortunate to obtain from him
good zoaria of Heleropora neozelanica and
H. pelliculata, both with the well preserved,
above-mentioned microstructures. The late
Dr. J. J. Galloway, University of Indiana,
has loaned me the thin sections of the Ordo-
vician Nicholsonella cornula, in which he has
discovered the peculiar ** spines ’ {described
in Cumings & Galloway, 1915, p. 358).
My student Don Slama, University of Neb-

at

raska, forwarded for my study his slides
with well preserved foreign microstructures
detected by him in the Pennsylvanian
" Batostomella ”* polyspinosa.

All these microstructures are described
here as endozoic marine algae and fungi.

All sketches have been originally prepared
by me in 1952-54 in pencil, and although the
sketched structures were recognized at that
time as marine crytogams, I was not in a
position to make their detailed comparison
with the particular algae and fungi, as now
discussed in the descriptive text. The
presently published inked sketches are
fairly accurate copies of the original pencil
sketches, with no attempt of any additions
or elaborations in the light of the present
understanding and classification of these
microorganisms.

Class RHODOPHYCEAE
Order BANGIALES
Genus Porphyra

Kathleen Drew (1954, and earlier shorter
contributions) has proved by laboratory
cultures that the boring alga, known as
Conchocelis vosea Batters, is but a ** concho-
celis-phase ™ in the life cycle of Porphyra
wmbtlicalvs (L.) Kutz. var. lactniata (Lightf.)
J. Ag. In view of this the below described
new boring alga, which in many respects is
similar to Conchocelis rosea, is classified here
as a conchocelis-phase of Porphyra drewae,
whose foliate, non-boring phase, is at the
present unknown.

Porphyra drewae sp. nov.
P, Yigs. 1 (2), 2, 3

i

? 1889. " Denticles circavité’ in Emnlalo-
phora proboscidea Milne-Edw. Pergens:
Mém. Soc. belge Géol., v. 3, p. 309, fig. 1
(see pl. 1, fig. 1).

? 1920. Same ‘‘denticles” in Mecynoecia
(Entalophora) proboscidea (Milne-Edw.),
Canu & Bassler: Bull. U.S. nat. Mus., 106,
Fig. 238-F, reproduced from Pergens, 1889.
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? 1933, “ Small formations ™ in Heteropora
pelliculala. Borg: Zool. Bidr. Uppsala,
Bd. 14, p. 292.-

Descriplion — Straight to gently curving
principal (primary) boring filaments, mostly
of fairly uniform 2y diameter (PL. 1, F1c. 1);
occasionally bifurcating, but more frequently
laterally branching at 50 to 80 degree angle,
into secondary filaments of 1-1-5p dia-
meter. Principal filaments start from fila-
mentous loops, which border the 11p wide
circular communicating pores in interzooecial
walls of Heteropora  pelliculata  Waters.
Broad connections, measuring 3-4 p.in length,
between a principal and a secondary filament,
growing parallel to each other (Fic. 2,
Jeft part), could be a result of gradual enlarge-
ment in the course of growth, as observed by
Drew in her cultures (1954, p. 199, PL. 11,
Fics. 3, 5, also TEXT-F1G. 2). The single,
apparently fertile cell-row of this same species
consists of cells 10 to 15 u long and 2 to 3-5 o
wide, and a transversely developed flask-like
vesi cle resembling plant initial in Drew (1954,
Fic. 5). Small subcircular bodies in the
apical cell of the row resemble the dark gray
granules filling the cells in the similar cells of
the conchocelis-phase illustrated by Drew
(1954; Pr. 12, Fic. 7). Transverse walls
in the cells of the row are as thick as the
lateral ones, and thicken with the growth of
cells from 0-5 to 1-2 p.

Comparison — Differs from the similar
conchocelis-phas€of Porphyra wnbilicalss var.
laciniata by the more than twice thinner
primary and secondary filaments, linear
instead of irregularly branching fertile cell-
rows, and considerably more elongated cells
of the rows.

Loop-like encirclement by filaments around
the borders of communicating pores between
zooeclal chambers is similar to the encircle-
ment by the filaments of Solenopora texana
of the zooecial walls in the algal-bryozoan
consortium  Acanthocladia  guadalupensis
(Ricey, 1957, TEXT-FIGS. 1, 2; PL. 69).

The above mentioned (in the synonymy-
like list) published illustration of ‘‘ denticles
-circavité ” by Pergens undoubtedly belongs
to a similar or even identical conchocelis-
phase of Porphyra.

Occurrence — As a boring conchocelis-phase
In walls of Heteropora pelliculata Waters
collected in Tatarskii Gulf near Sakhalin and
Yezo islands, lat. 41°-46° N., long. 141°-
143° E., at depths of 25-67 m. (75-201 feet)
(after Borg, 1933, p. 285).

Class MYXOPHYCEAE (CYANOPHYTA)
Order CHAMAESIPHONALES

Genus Prochamaesiphon gen. nov.

The new genus is proposed for two endozoic
marine fossil forms, which are nearer to
each other than to the modern fresh water
epiphyte Chamaesiphon.

Diagnosts — Individual thalli elongate,
goblet-shaped, with a slight terminal flare.
Wall thickens distally. Attenuated base
immersed in the substratum (zooecial wall of
bryozoan). Rudimentary colony formation
is apparently formed by germination of a
single conidium (exospore) within an indivi-
dual goblet.

Comparison — Many Green and Yellow-
Green algae have similar goblet-like shape
and somewhat similar, although far more
extensively developed, colonial habit, just as
in some species of the Blue-Green alga
Chamaesiphon. Such are Echalocystis and
Ankistrodesmmus of Chlorophyceae (FRITSCH,
1935/48, Fi1Gs. 36 and 46), and Dynobryon
and Hyalobryon of Chrysophyceae (Ibid.,
Fi1Gs. 171-M and 174).  All these living forms
differ from Prochamaesiphon by much thiner
walls, quite different manner of multiplica-
tion, and are attached to the substratum
by the secretion of mucilage. Besides, they
are either planctonic or (mostly) epiphytic
freshwater forms.

Prochamaesiphon differs from the nearest
to 1t Chamaesiphon by the apparent produc-
tion of only one conidium (exospore), and its
apparent germination at point with no defi-
nite location relative to *“ pseudovagina’’; the
latter 1s developed inside the second genera-
tion goblet in genotype of Prochamaesiphon.
The apparent development of a single
gonidium and its role in the colomal develop-
ment, are the most striking characters of
Prochamaestphon, and indicate its belonging
with Myxophyceae.

Genotype: Prochamaesiphon cumingsi sp. nov.

Prochamaesiphon cumingsi sp. nov.
PL 1, Fig. 7

Description — Besides the generic char-
acters mentioned, the only specimen of the
species contains two (or three ?) successive
individual generations, rising out of each
other in a colony-like chain. The first
generation is a wide goblet, whose base is
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deeply rooted in the substratum; its middle
part is subcylindrical;and upper part is widely
expanded, but-the expansion is mechanically
exaggerated on the right side by the apparent
pressure from the slanted second goblet.
This same pressure could have also caused
the healed fractures in the middle-upper part
of the first goblet. The bulbous base of the
second goblet appears to be the membrane
of a germinated spherical conidium, from
which has apparently risen the third goblet:
it is tightly inserted 1n the second one, and is
broken into three parts. The basal and
middle parts are solid and narrowly cylindri-
cal; the upper, which has a narrow central
lumen, resembles the ““ empty pseudovagina®
of Chamaesiphon polymorphus, Fig. 10.
The whole combination of 2nd and 3rd
goblets in P. cumingsi is much like “* single
cell with pseudovagina’ of Chamaesiphon
Sfuscus (FriTscy, 1945/52, Fic. 315A),— see
Fig. 9. The lst generation fossil goblet is
distinctly yellowish; the next goblets are
practically cotourless.

Comparison — Differs from Prochamae-
siphon geitlert Elias by the uniformly thick
wall in the Ist and 2nd goblets, by gradual
tapering of the immersed basal part of the
Ist goblet, and by the presence of the thick-
walled pseudovagina in the 3rd goblet; but
the size and shape of the 2nd goblet and that
of P. geitleri are quite alike. The particu-
lar resemblances to the modern species of
Chamaesiphon were already mentioned.

Occurrence — Together with Ordovicimyces
galloway? Elias in zooecia of the Ordovician
Nicholsonella cornula,— for details see the
occurrence in the description of the latter.

Prochamaesiphon geitleri sp. nov.
Pl 1, Fig. 8

Description — The only known individual
is a goblet with a sharply differentiated,
narrowly cylindrical base, immersed in the
substratum; and with a lumen as wide as
the thickness of the wall, Goblet expands
sharply directly above substratum, but the
thickness of its walls remains the same to its
middle, above which the walls begin to
thicken gradually, up to twice as thick at
flaring rim. Basal inner part of goblet above
substratum is occupied by pseudovagina
with a narrow, but upwardly expanding
lumen. Dark band above its oblique terminal
cdge could be a thickened undifferentiated
cytoplasm.

Comparison — Differs from  Prochamac-
siphon cumingsi Elias by substantially greater
thickness of wall in distal half of goblet, and
by differentiation of its immersed basal part
into a straight thick-walled tube.

Qccurrence — Single individual in zooecium
of “ Batostomella'  polyspinosa (CONDEA)
Girty, in South Bend limestone, Missouri
series, Uprper Pensylvanian, at South Bend,
Nebraska. Thin secticn 29-14-3-52 (Don
S1aMA).

Prochamaesiphon sp.
Pl 1, Fig. 12b (b in 12)

Empty, thin-walled, gently curved goblet,
gradually tapering upwards. DBasal part
obscure, terminal slightly contracted. Wall
very gradually thickening upwards. Small
cluster of spherical aplanospores (?) above
the distal edge apparently escaped from
the goblet.

Comparison — Resembles  Chamaesiphon
sideriphilus in general shape and curvature
of goblet (GEITLER, 1932, F1G. 251),— Fig. 1 1.

Occurrence — Together with  Propythium
carboricum and Prochamaesiphon geitleri —
see the occurrence of these species.

Class PHYCOMYCETAE

From time to time the mycologists have
advanced various theories on origin and
evolution of fungi. All these theories were
based on comparative studv of the recent
forms only, because no fossi] fungi of any
phylogenetical significance have ever been
discovered. The present description of
several genera of true fungi in a few marine
bryozoans (Ectoprocta), extant and fossil,
constistute by far more complete information
on the marine ‘* algal fungi ”’ than previously
recorded. This information includes micro-
scopic details pertaining to asexual and
sexual reproduction of Dboth extant and
extinct fungi, in as far as can be judged by
the various mummified stages of their life-
cycles. Good preservation of these has been
provided by their entombment within the
sealed zooecial chambers (filled with calcite
in fossils) of the bryozoan colonies, ranging
in age from Ordovician to Present.

In my opinion, the new evidence gives
qualified support to the views by DeBary
(1887), Atkinson (1909), Gaumann (1952),
and others, who suggested that more than
one major group of algae, rather than
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protozoa, gave rise to the Phycomycetae
(‘" algal fungi ). All of the presently des-
cribed marine endobryozoic fungi belong to
this class; and the comparative study tends
to indicate their origin from certain fila-
mentous Green algae,— as discussed below.
Furthermore, this evidence tends to support
the elevation of the odgamous fungi into an
order (GAumann). This 1s indicated parti-
cularly by an apparent existence of a tran-
sitional, algo-fungi group, in Ordovician time,
from which the oégamous fungi apparently
originated.

Order SAPROLEGNIALES sensu SMITH (1938),

em. ELias
The order is close t& '“Oomycetes”
(OoMyYCETALES)  semsu  Gaumann  Wynd

(1952), who include in it, however, the family
Peronosporaceae sensw lafo, that embraces
the ““ subfamily Pythiaceae” (1952, p. 61);
whereas Smith (1938, p. 399) placed Pythi-
aceae in his Saprolegniales (accepted here),
and has elevated the remaining Peronos-
poraceae to the rank of a separate order
Peronosporales, whose genera are all para-
sites on land plants.

Pythiaceae, on the contrary, are largely
aquatic; but among them, as well as among
other Saprolegniales, many species are sapro-
phytic, adapted to moist terrestrial habitat
(such as soil).

The principal present emendation to
Smith’s 1938 understanding of Saprolegniales.
is the addition to the order of the aquatic
family Monoblephariaceae. DeBary has al-
ready accorded 1t the most primitive position
within his " Ascomycetous series-or Main
series of Fungi composed of Phycomycetes,
Ascomycetes, and Uredineae’ (DEBaRy,
1887, p. 120). Becuase DeBary has not
included in his ‘“ Main Series” the Chytri-
diales, the Monoblephariaccae became the
lowest family in it; and DeBary justified his
placement of this family in the ' Main
Series ’ by pointing out that the species of
Monoblepharis (still the principal genus of the
very small family) ** resembles the Pythiaceae
in their vegetative structure and in their
mode of life ” (DEBARY, 1887, p. 140).

No flagellae have been found preserved
in the fossil fungal spores described here;
hence, it is impossible to consider the presence
of one or two flagellae in their taxonomy
and phylogeny. This omission may not be
particularly important in view of the opinion

by the mycologist Atkinson (1909, p. 457),
that even in the case of the extant Chitriales,
the appearance of both uniciliate and biciliate
zoospores in its species * need not . . . militate
against the idea of regarding them as forming
a phylogenetic series. The uniciliate ones
may have arisen from the biciliate ones by the
division of the biciliate ones being carried
one step further.”

All the observed spores in the presently
described fungi appear to be encysted, or
aplanospores; but there are many other
morphological peculiarities in them, which
are useful in the determination of their
relationships to the previously known fungi.

Characteristics — The following characteri-
stics of the Saprolegniales are restricted to
those peculiarities which is possible to recog-
nize or comprehend from the study of the
described new genera  Heteroporimyces
(Recent), Propythuuwm (Pennsylvanian), and
Ordovicimyces (Ordovician). Their mycelia
are attached to the inner walls of some Cyclo-
stomata (Stenostomata) and Trepostomata,
and were studied in thin sections prepared
from the containing bryozoans, and viewed
under high magnification (up to x 1400).

The wording of the characteristics is largely
that of Bessey (1950), and partly of Coker
(1923), with a few additions based on personal
comparative analysis and observations —
these are italicized.

Mycelia stiff, in general not provided with
true septa, except to fence off its sporangia
and gametangia, or portions of the mycelium
that have exhausted their cytoplasmic con-
tents, or occasionally in no velation to repro-
duction; occastonal presence of septa in vege-
tative hyphae 1s apparently inherited from
ancestral algae.  Reproductive organs mostly
terminal or subterminal on the external
(above substratum) hyphae and their
branches. Saprophytic, parasitic, or sym-
biotic, spoken of usually as water molds.

The zoosporangia are of the same dia-
meter as the hyphae or somewhat enlarged,
elongated, subspherical or spherical, smooth
or spinose. At their inception the cytoplasm
from the lower portion of the hyphae flows
and concentrates into the terminal portions
destined to become zoosporangia until these
are filled with dense cytoplasm. It is
eventually transformed into zoospores.
Escape of the zoospores occurs through the
softened tip or through a lateral papilla.
In some cases the primary zoospores appa-
rently produce no flagellae (as in the new
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genera here described), but creep to the
opening or papilla of the zoosporangium, and
there encist within it as separate round cells
(aplanospores). In some species the encysted
zoospores do not escape at all, but germinate
directly by germ tubes within zoosporangium
(such as wn the described Heleroporimyces).
Coker observes (1923, p. 92-93) that
in the primitive Protoachlya paradoxa
(CoxER) a sporangium emptied and all the
spores were expelled to some distance from
the opening, all remaining in a group as if
held lightly together, and all coming to
rest at once in group ... [thus indicating]
that spores are expelled by sporangial
turgor in this family and not by their own
power."’

In Saprolegnmia (and also in Ordovicimyces)
new sproangia may be formed within the
empty ones. In some species the upwardly
flowing cytoplasm forms a narrow, apparently
dense subcentral strand, as shown by Coker
(1923, PL. 21, Fi16. 5; PL. 22, F1Gs. 5, 7) in
some proliferating zoosporangia; see also
in Bessey (1950, Fi1G. 35-A, after COKER).
Similar strands traverse subcentrally some
hyphae in Ordovicimyces.

Marine and estuarian Saprolegniales. Only
a few of these have been recently diagnosed
briefly and illustrated scantily by Johnson &
Sparrow (1961, p. 328-338; Fics. 118-125):
three species of Leplolegnia, four of Thrausto-
chytrium, and one of Japonochytrium; also
four species of Pythium, family Pythiaceae.

The first occurrence in trepostomatous
bryozoans of a fungus-like coenocytic tube,
containing spherical spore-like bodies, was
recorded by Etheridge (1892, p. 95, PL. 3).
He discovered it in Stenopora crinila Lonsdale
from the ' Permo-Carboniferous of New
South Wales and Queensland,” Australia.
He named the spore-bearing tube Palaeo-
perone endophytica, and compared its spores
with those of Saprolegnia. When summariz-
ing this and other occurrences of * tubular
cavities” in fossil invertebrates, Seward
(1898, p. 215) commented: ‘... it is almost
impossible to decide how far these tubes
in shells and corals ... where at that time
Nicholson classified the paleozoic bryozoan
Stenopora ... " should be attributed to fungi,
and how far to algae.”

The presently described Monoblepharis
thalassinosus and Heleroporimyces spinosus
is the first recognition of Saprolegniales in
modern Trepostomata (where the family
Heteroporina has been classified by Borg,

I}

fresh water.

1944, p. 19; previously referred to Cyclo-
stomata, Borg, 1933, p. 373).

The same or closely related fungi have
been, however, repeatedly briefly mentioned
and crudely illustrated as the bryozoan’s own
mural - spines,” ‘“ hair-like teeth,” etc., in
various Stenolaemata (Cyclostomata and
Trepostomata) 1n the Recent, Cenozoic,
Cretaceous, and Paleozoic seas.

Family MONOBLEPHARIACEAE

(Order Monoblepharidales of authors)

The family contains very few genera, only
two of which, “ Monoblepharis and Monoble-
pharella, have been studied extensively”
(GAuManN & WynDp, 1952, p. 51). The
genus Gonapodya, with periodic constrictions
of the hyphae similar to those in many
Monoblephariaceae, was placed among them
by Smith (1938, p. 386), but is removed by
Gdaumann & Wynd (1952, p. 72) to Lepto-
mitaceae, a family classified by Smith (1938)
with Saprolegniales.

Fitzpatrick aptly describes the mycelium
of Monoblepharis (his description fitting also
all species of Monoblephariaceae) as “* coeno-
cytic . .. [whose] cytoplasm forms a network
of meshes which are regular in size and form,
a stiikingly uniform vacuolation resulting.
The strands of protoplasm tend to cross the
hyphae at right angles rather than to run
lengitudinally as in Saprolegniales " (Fitz-
PATRICK, 1930, p. 139; see PL. 2, Fics. 27,
28). This tendency 1s observable also in the
hyphae of Saprcmyces, family Leptcmitaceae
(see SmiTH, 1938, TEXT-FI1G. 219-A, C).

All Monoblephariaceae are ** aquatic sapro-
phytes that grow in permanent pools of clear
They are usually found on
dead {wigs of various trees, but they have
also been found on other substrata ”’ (SMITH,
1938, p. 386), " such as animal cadavers
(insects?) “ (Sparrow, 1933, p. 518).

Because the endozoic marine Monoblc-
+haris (?) thalassinosus described below is es-
tablished on a single, although well developed
fertile hypha, it 1s classified with Monotle-
pharis provisionally. Tt is the first occur-
rence of the genus in a typically marine
brvozcan, to the zcoecial wall of which it is
firmly attached by a deeply immersed hy-
phal base, with no evidence of rhizoidal sys-
tcm (so typical for Monoblephariaceae and
Blastocladiaceae). Finding of additionalhy-
rhae of M. thalassinosus is desirable for its
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differentiation into a new, strictly marine
genus of the family Monoblephariaceae.

Phylogeny — When discussing phylogeny
of Monoblepharidales and the related Blasto-
cladiales, Gaumann & Wynd (1952, p. 45 and
53) state that “‘ it is not reasonable to seek
for their phylogenetic precursors among the
autotrophic green algae because there are
no analogous algal forms possessing one
trailing flagellum ™ (ibid., p. 45). They
propose, instead, that these two “‘ orders”
have originated from Flagellatae through
Chytnidiales (ibid., Fig. 1). On the other
hand, they indicate Siphonales as an ancestral
stock for Oomycetes (in which Monoblephari-
aceae are not included).

It may be pointed out, however, that some
Green algae, particularly Sphaeroplea of
Ulotrichales, are morphologically close to
Monoblephariaceae. The somewhat isolated
genus Sphaeroplea has unbranched coenocytic
filament in which subequal, wider than high,
vacuoles are developed, divided by thin
transverse concave discs built by parietal
chloroplasts; and the thin wall of the fila-
ments, where vacuolation is developed, has
its thickness increased by an internal layer
of cytoplasm. Indeed, the spermatozoids
in this genus are biflagellate, and so are
the swarmers. However, in Sphaerocladia
and Allomyces of Blastocladiales, wherever
the uniflagellate female and male plano-
gamets are united, they make a biflagellate
zygote.

Momnoblepharis (?) thalassinosus Sp. nov.
Pl 2, Fig. 26

Description — Only one hypha known.
It is a slender upright tube, with a slight

offsetting deformity, apparently indicating a .

degree of laxity prior to maturity. Hypha
has an attractive blue-green (wall) color;
it is 70 p. long above substratum (which is the
zooecial wall), where its base is deeply
immersed. Primary (vegetative) tute 55-
60 v long above substratum, slightly tapering
in lower non-vacuolated half, from 7 to Su
in diameter; upper part regularly divided
by twelve transverse cytoplasmic sirands in-
to thirteen 2-5-3 u high vacuoles. Terminal
vacuole bulges the hypha to 6 u in diameter.

Secondary tube 1s extruded, as it were,
from the bulging terminus of the primary
one, with initial diameter of 3-5 p, and
expands info a clavate structure with 4-5 p
m ax'mal bulge. It may be considered an

immature oogonium, crowned by an im-
mature palmate antheridium.

Hyphal wall invariably 1 w thin, but has an
additional internal cytoplasmic layer within
the vacuolated part.

Discussion — Differs  from  freshwater
species of Monoblephariaceae by endozoic
marine habitat, blue-green color, terminal
flange-like (bulging) expansion of primary
tube, and extrusion-like iniciation of second-
ary, oogonium like tube.

Occurrence — Occurs in same zoarium of
Heteropora neozelanica where Heleroporimyces
spinosa Elias is abundant, but does not grow
in the same zooecia with the latter fungus.

Family PYTHJACEAE

The following characteristics of Pythiaceae
are modified from those formulated by Gau-
mann & Wynd (1952, p. 61) for the Perono-
sporaceae sensu lato, inclusive ' subfamily ™’
Pythiaceae.

“ The zoosporangium ... is significantly
different from the mother hypha,” and “ the
supression of fertility has led to the matura-
tion of only one oospore in the female game-
tangium or oogonium. The oospore always
is surrounded by a peripheral layer of
vegetative cytoplasm called the periplasm.”

The Peronosporaceae, which are separated
from Pythiaceae by Smith, differ from the
latter family “‘ by the development of the
conidia”’ in which the zoosporangia become
detached from the mother hypha and are
scattered by wind; and they all “ have a
branching sporangiophore projecting beyond
the host ™ (Smith, 1938, p. 400).

Many previously described fossil *“ Sapro-
legniales *’, whose names imply affiliation
with Peronospora, should be placed rather in
Pythiaceae. Such are the Carboniferous
Peronospora Smith (1877) and Peronosporites
antiquarius Smith (1877, p. 499), which are
encountered in the cells of the apparently
submerged dead stems and barks of Lepido-
dendron (see SEwaARD, 1898, p. 215-219).
To Pythiaceae belong also the fossil Palaeo-
myces gracilis Renault (1896), Profowmycites
protogenes (W. SM.) Meschinelli (1902) and the
numerous species of the ‘' form-genus”
Palaeomyces established by Kidston & Lang
(1921, p. 857-870).

Genus Propythium gen. nov.

Diagnosis — Hyphae fully endobryozoan,
straight, usually non-septate, except when
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old, and in no connection with zoosporangia
(F16. 14). Periplasm mostly not developed;
or, on the contrary, becomes very thick and
may extend over the adjacent hypha (Fias.
17, 18). Rhythmic transverse vacuolation
occasionally develops in distal part of the
narrower than usual, apparently vegetative
hyphae (Frc. 13). Apical papillae of varied
length are frequently developed. Antheridia,
if correctly so interpreted (F1g. 12-a), are
developed far from oogonia.

Comparison — Differs from the above
named fossil Pythiaceae by the prominently
developed apical papillae, and long and
straight tubular hyphae. Differs from
Peronospora and other Peronosporaceae sensu
striclo by these same characters, by the
absence of branching of hyphae, and the
absence of independent conidia. Differs
from the nearest to it Pythium, Pythiopsis,
and Pytophiora by much straighter hyphae,
longer hyphae-like apical papillae, and
development of antheridia —if any — far
from oogonia.

Propythium carbonarium sp. nov.
Pl 1, Figs. 12-20

Description — Hyphae 10 to 20 p long,
straight to slightly bent or curved, un-
branching, with uniformly thin wall, thicker
at matunty. Occasional rhythmic vacuola-
tion in vegetative hyphae (F1c6. 13).

Typical apical papillae (F1G. 12 below, and
F1G. 14) are comparable to *“ normal papilla’”
in Pythium helicoides, which are 21 times
as long as wide (MIDDLETON, 1943, p. 78,
Fic. 6-C), Fig. 23.

Oogonia-like reproductive bodies are inter-
calating to subapical in hyphae (F1Gs. 17, 18),
somewhat angular when young (Fic. 13),
becoming spherical when reaching maturity
(Fic. 12¢, 16-18). A possible antheridium
(Fic. 12a) is developed in a hypha which
bears no oogonium.

Only one cytoplasm-filled oospore was
observed (F1G. 12¢). The spherical bodies
in the cytoplasm are of varied diameter and
are apparently homologous to ‘' reserve
globules " and “‘ refringent bodies,” so des-
cribed in four ‘‘exceptional’ species of
Pythium by Middleton (in TOMPKINS et al.,
1939, p. 6; also 1943, Fics. 6, 7), Fig. 25, 79.

Comparison — Differs from the Perono-
sporites antiquarius, the nearest to it among
the fossil Pythiaceae, by the absence of
branching, the absence of transverse septa

under oogonia-like bodies, and by intercalat-
ed development of some of them. P. carbo-
narium is decidedly more primitive than the
latter, and it differs from the only known
marine species of Pythuwm, P. marinum
Sparrow (1934), by straighter and unbranch-
ing hyphae, and the absence of the transverse
septa under oogonia-like bodies and of
appressoria.

Occurrence — Common in mature {(cortical)
region of * Batostomella’ polyspinosa {Con-
dra) Girty, together with rarely occurring
Prochamaesiphon geitleri Elias; in Southbend
limestone, upper part of Missouri series,
upper Pennsylvanian, near South Bend,
eastern Nebraska.

Family HETEROPORIMYCEAL fam. nov.

The new family is proposed for the single
new genus Heteroporimyces because it differs
strikingly from all other extant Sapro-
legniales by being the only extant genus
occurring in a marine bryozoan, and there is
an indication in it of a peculiar sexual process
within zoosporangia, as described below.
Further investigation may result even in
removal of the family from Saprolegniales.

Genus Heleroporimyces gen. nov.

Characteristics — Hyphae mostly stout,
coenocytic, unbranching, growing upright
from zooecial walls of bryozoan colonies,
with blunt bases immersed in the walls
without development of rhizoids. Zoo-
sporangia terminal on hyphae, differentiated
from them by slight expansion and develop-
ment of spines. Zoosporangia not separated
by transverse septa. Encysted spherical
zoospores (aplanospores) germinate inside
zoosporangia.

Heteroporimyces spinosa sp. nov.
Pl 2, Figs. 29-43

? 1880. " Septal spines’ in Heleropora
neozelanica, Nicholson: Ann. Mag. nal.
Hist., ser. 5, v. 6, p. 336.

1933. “* Spine-like processes ”’ in Heteropora
neozelanica, Borg: Zool. Bidr. Uppsala,
Bd. 4, p. 313; Text-fig. 3; PI. 7, Fig. 2-sp.
Description and interpretatiocn — Mycelium

in form of unbranched, usually stout, more or

less straight hyphae, with no specialized
haustoria, but with immersed blunt base,
probably gradually sinking in the zooecial
wall by mere accreation of the latter. Hypha
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seemingly germinates from a “‘ resting spore”’
(F1G. 29) by protrusion from its heavy (2 w
thick) enclosing wall, similar to the germina-
tion of the chlamidospore in Profomyces
(GAumann & WyxnDp, 1953, Fic. 100).

Slight terminal expanse of hypha develops
into a larger subspherical spinose zoosporan-
gium, which is not separated, however, by a
constriction or septum. Diameter of hyphae
varies from 4 to 7 p, with almost imper-
ceptible distal tapering, if any. Height of
adult hyphae mostly 15-20 w, a few grow-
ing to 30 or even up to 90 u (Fic. 38). Walls
maintain uniform thickness of about 1 p.

Young sporangia are bluntly spinose or
papillose (F1gs. 31, 32), becoming sharply
spinose at maturity (Figs. 33-34). Cyto-
plasm ascends toward zoosporangium where
it becomes transformed into about 1 . wide,
rounded, apparently encysted zoospores
(aplanospores) (Fics. 31-35), which fill the
periphery of the sporangium. The spores
which enter spines, usually one in each,
germinate there, at least occasionally, sending
their germinal tubes toward central vacuole
of the sporangium (F16. 37).  The exceeding-
ly small, about 0-3-04 u dark spheres at the
sharp tips of spines (FiG. 36) resemble in
their size and location the '‘ non-functional
nuclei’” which are formed in the course of
sexual process in Bastdiobolus ranarum Eid.,
one of the most advanced species of the order
Zygomycetes (as per GAuManN & WynD,
1952, p. 73). Tn the light of the observation
on this process by Fairchild (1897, reviewed
by GAuMaNN & WyND, 1952, p. 91, FiG. 81),
Figs. 44, 45, and the presence of the larger
spherical bodies (aplanospores) in the
described spiny zoosporangia, 1 postulate
the following hypothetical sexual process
in them: cytoplasm in zoosporangia differen-
tiates into smaller male and larger female
bodies, the male tending to drift into the
spines. Functional female bodies approach
them, are fertilized by them, and then
germinate inside  zoosporangium. Non-
functional male bodies reach the tips of
spines and eventually disintegrate (F1Gs.
36, 37).

T-shaped termini in some short hyphae
may be interpreted as remnants of emptied
zoosporangia (Figs. 38, 39). Irregularly
shaped bodies adhered to the upper part of
the broken, unusually long hypha (Fic. 38,
left) perhaps are mere abortive spores
breaking through the lateral wall of this
abnormal hypha.

Occurrence — Growing immersed in and
perpendicular to zooecial walls in mature
zone of Heterospora neozelanica, dredged off
Stewart Island near the southern coast of
New Zealand. The colonies of this same
species with similar hyphae of Helerospori-
myces spinosa studied by Borg (1933, p. 306-
317, Text-Fic. 13) were dredged from *‘a
depth of 40 m. . . . at Stewart Island or at the
Campbell Islands (Perseverance Harbor . . .)”
(¢bed., p. 307).

FFamily ORDOVICIMYCEAE fam. nov.

The new family is proposed for the single
genus Ordovicimyces Elias, whose origin
appears to be different from that of the other
Saprolegmales. The modern Saprolegniales
are considered to be evolved from the
Siphonales algae, or from some unicellular
coccoid member of the Xantophyceae (GAU-
MaNN & Wynp, 1952, p. 55); whereas the
described Ordovicimyces appears to have
evolved from an ancient stock of septate
filamentous Chlorophyta. The recent dis-
covery of the numerous and highly advanced
genera of Siphonales (KorDE, 1961, p. 60-71)1
in the early Cambrian of the south central
Siberia shows that this order has differen-
tiated from the rest of Chlorophyta already
at Cambrian and probably even pre-Cambrian
time; and now the presence in an Ordovician
bryozoan of an apparent evolutionary deve-
lopment of a fungus from a septate fila-
mentous Green alga indicates the existence
at this same and even earlier time of
similar septatc filamentous chlorophytes.

Because the numerous individuals of
Ordovicimyces display assorted combinations
of algal and fungal morphology, a combina-
tion of both algal and fungal terminologies
are appropriately used in their description,

Genus Ordovicimyces gen. nov.

The genus is based on a single marine endo-
bryozoan species. It unites the individuals

1 I take this opportunity to state that the latest,
more detailed evidence favoring the algal nature
of the siphonal Cambroporella Korde (1950) and
of Chabakovia Vologdin (1939), now published
by Korde (1961, p. 66-68, Text-fig. 24; pl. 5, Fig.
3,4; p. 127-128; pl. 24. Fig. 3-6), and the illustrated
thin sections cordially demonstrated to me by
Korde in 1963, fully convinced me in the correct-
ness of her and Vologdin's algal interpretations.
Therefore, T no longer consider either Cambroporella
a bryozoan, or Chabakovia as belonging to the
American Carboniferous foraminifer (Elias, 1950).
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in which the following characters are en-
countered in various combinations with each
other:

1. Growth forms, which in shape, size, and
septation, resemble that of germlings of
various extant filamentous algae;

2. Unseptate, coenocytic, hyphae-like
growth forms,” with complete or partial
development of a subcentral, apparently
cytoplasmic strand, a character known to
occur only in some extant Saprolegniales.

3. Individually  developed  transverse
septa, whose complex structure is very
similar to that known only in certain extant
representatives of the orders Ulotrichales
(particularly the suborders Spheropleineae),
Cladophorales, and Chaetophorales;

4. Rare, individually developed double-
septa with remains of cytoplasm sandwiched
in between.

Ordovicimyces gallowayi sp. nov.
Pl. 2, Figs. 46-67

1915. ‘“ Excessively minute, apparently
hollow, spines, projecting into zooecial
cavity ”’ of Nicholsonella cornula. Cum-
ings & Galloway: Bull. geol. Soc. Amer.,
vol. 26, p. 358; PL. 13, TFig. 32-39.

Description — Unbranching hypha-like
filaments,, mostly slightly tapering distad;
some (F16. 46) resembling ‘* phialides "’ of

Aspergillus and Bombardia (GAUMANN &

WvynND, 1952, Fic. 106, 184, 185); very few

with slight medial bulge (F16. 47, left, Fic.

53); some with slight to substantial, usually

lopsided basal bulge (F16s.49-51) ; terminated

by smooth, subsphaerical to elliptical zoo-
sporangium; it is differentiated by a slight,
abrupt expansion (F1G. 46), and is occasional-
ly accompanied by slight constriction (F16GS.
50-53); few hyphae have a shape of an
inverted funnel (F16. 52). Hyphae have few
transverse septa or none; septa are simple or
complex, greatly varying in structure and
location; where two or three are developed
they are mostly simple and as thick as the
walls (Fics. 48, 49); complex septa are
extremely variable; some consist of two to

three layers (Fics. 54, 55), and may have a

very narrow or moderately wide central hole

(F1G. 55), similar to the septa originating by

growth of an *“ annular bar '’ so characteristic

for Cladophora (FRITSCH, p. 234, F1Gs. 69-D,

E, I); other complex septa have asymmetrical

development of one or two layers (F1Gs. 54,

63), similar to the septa in Sphaeroplea

(Fritscw, 1929, p. 22; F1c. 66-H, J)—Fig. 73,
75. Wherever two ordinary septa develop
close together, the dense cytoplasm caught
between them (F1G. 56) makes the whole
structure Jook much like the doubled septa at
the base of the sporangium in Sphaeroplea
africana (FRITSCH, 1929, F16. 2-E),—Fig. 76.

Septa which occur at the base of zoosporan-
gium, or at the top of basal hyphal bulge are
usually simple.

Septate hyphae are almost always empty
{and so are many coenocytic hyphae), as if
no cytoplasm capable of producing spores
has developed in them. One of the hyphae
has its cytoplasmic strand in central (axial)
position below a complex septum (F1G. 54);
in another hypha there is a central strand
only above a narrowly perforated septum
(F1G. 55), as if the solidification of the
upwardly flowing cytoplasm in a strand
occurred after all of it has flown through the
septum.

A few coenocytic hyphae are traversed
throughout their length by a subcentral
strand (F1G. 51; 52 left; 53), much like in
Saprolegnia  (Bessey, 1950, Fic. 35-A),
Conidiobolus (I1bid., F1G. 60-A), and other
Phycomycetes. Most demonstrative is the
concentration of dense cytoplasm in the
upper part of a secondary coenocytic hypha,
and a central strand trailing down the hypha
below (F16. 57); this secondary hypha is
inside a transluscent, apparently non-func-
tional primary hypha.

Zoosporangia vary greatly in size, shape,
and orientation. A typical blunt or some-
what acuminate columella is developed in
many zoosporangia (F1G. 46, 51, 54, ), usually
directly above the upper end of strand.
Columella remains intact after discharge of
zoospores (aplanospores), and apparently
seals effectively the emptied hypha; where-
as zoosporangial walls apparently disinte-
grate after discharge of the spores (FiG. 47,
60).

Apparently encysted zoospores (aplano-
spores) develop from cystoplasm in functional
hyphae, in some cases apparently only within
their zoosporangia. Aplanospores are sub-
spherical, about 1 @ in diameter, with no
recognizable flagella.

They apparently creep out of zoosporangia
in loosely bound multitude, as indicated
by the habitual adherence of their clusters
to the outer surface of functional hyphae,
close below zoosporangia in which they have
originated (I16. 58, 60).
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Some sporangia undoubtedly have had
terminal opening (Figs. 53-55).

Some liyphae have adhered to substratum
by variously expanded (Fics. 51-53) and
festooned (Fr1G. 55) base; others have sub-
hemispherical basal expansion (Fig. 48),
resembling “* flattened zoospores” in Oedo-
gonium rulescens alga (FriTsch, 1935/1945,
F16.793-C); some have lopsided basal bulge
(F1s. 50, 51), resembling that in stalked
sporangia of Trentepohlia and other Chaeto-
phorales (FriTscH, 1935/1945, Fic. 85-],
K), — Figs. 69-71.

However, most hyphae have a more or less
blunt basal extension, immersed in zooecial
wall, and apparently serving as a rudimentary
haustorium. By this means the hyphae
could have obtained nourishment {rom
organic strands, which intermingle with the
calcite of walls in the stenolaematous bryo-
z0ans.

Length of mature hyphae above sub-
stratum 15 to 30 u, the average closer to the
higher figure; diameter from 3-4 p below
zoosporangium to 4-6 u. in middle part, and
from 6 to 20 y at base of hyphae. Thickness
of wall 0-5 to 15 y, rarely locally to 2 p.

Hyphae very rarely bifurcate (Fic. 61)
and trifurcate (F1G6. 62). Zoosporangia oc-
casionally display incipient proliferation (I'1¢.
65); and normally developed secondary
hyphae develope inside the abnormally
swollen, transluscent primary hyphae, some-
what like the * secondary sporangia” in
Pythium (MipDLETON, 1943, Fic. 7-B: see
also BessEy, 1950, Fic. 40-g),— Fig. 79.

Discussion — The described Ordovician
microfossil could hardly be expected to fit
into this or that of the extant orders of algae
or fungi, and its postulated relationship to a
hypothetical ancient stock of filamentous
Green alga is meant as a broad approximation.
Indeed, the described characters, when con-
sidered separately, can be found in this or
that taxon among the extant representatives

of more than one major order of algae. The
suggested ancestral stock for the microfossil,
as can be noticed in the description, is in-
fluenced by the evidence of the structure of
the complex septa, and ,to less extent, of the
shape of the hyphal bases, that appear so
strikingly similar to the corresponding struc-
tures in the orders of Sphaerdpleineae, Clado-
phorales, and Chaetophorales; their broad
relationship to each other calls for a logical
assumption of an original common stock, and
from which Ordovicimyces could have evolved.
The surprising evidence of the existence in
early Cambrian of the highly evolved repre-
sentatives of Siphonalee, which order is
elevated by Korde to the status of Siphono-
cladineae (Korpg, 1961, p. 60), implies
its early differentiation from the rest of
the marine benthonic Chlorophyta, and it
s the septate group among them, from
which Ordovicimyces appears to have been
evolved.

Ordovicimyces (?) recensis sp. nov.
Pl 2, Fig. 68

Only two hyphae recorded; the better
preserved illustrated (Fi1G. 68).

Simple tubular uprights, deeply rooted
in zooecial wall of "Heteropora neozelanica.
Non-septate, except apparently an inverted
cone-like septum separating subspherical
zoosporangium, which is only slightly ex-
panded above very narrow and shallow
hyphal constriction. Small columella (?) is
an apparent prolongation of the septum.

Discussion = Resembles some non-septate
hyphae of Ordovicimyces spinosa Elias but
differs by shape of columella (?), and thinner
hyphal wall. It may be considered a ** living
fossil 7 closely related to the Ordovician
0. spinosa.

‘Occurrence — Solitary hyphae in zooecia of
Heteropora neozelanica, where Heteroporimyces
spinosa 1s abundant.

REFERENCES

ATkinsON, G. F. (1909). Some problems in the
Evolution of the Lower Fungi: dunn. mycol.,
Berl. v. 17(5): 441-472.

Bary, A., pe (1887). Comparative morphology
and biology of the Fungi, Mycetozoa and

Bacteria. English transl., The Clavendon Press.
Oxford.

Bessey, E. A. (1950). Morphology and taxonomy
of fungi. Blakiston Co., Philadelphia-Toronto.

Borg, FoLkE (1933). A revision of the recent
Heteroporidae (Bryozoa). Zool. Bidr. Uppsala
14: 253-394.

Idem (1944). The Stenolaematous Bryozoa:
Further Zoological Results of the Swedish
Antarctic Expedition 1901-1902. Norstedt &
Sones. Stockholm.

BranD, TF. (1910). Ueber die Stiel und Trichte-
sporangien der Algengattung Tvenfepohlia. Bev.



ELIAS — LIVING AND FOSSIL ALGAE AND FUNGI 15

disch. bot. Ges. 28: 83-91.

Canu, F. & BassLer, R. S. (1920). North
American Early Tertiary Bryozoa. U.S. Nal.
Mus. Bull. 106: 1-879.

CoxeEr, W. CH. (1923). The Saprolegniaceae,
with notes on other water molds. Univ.
Carolina Press, Chapel Hill.

Cumings, E. R., & Garroway, J. J. (1915).

Studies of the morphology and histology of
the Trepostomata or Monticuliporoids. Buli.
geol. Soc. Amer., 26: 349-374.

Drew, KatHLeen M (1954). Studies in the
Bangioideae. 3. Life-history of Porphyra
umbilicalis.  Ann. Bot. Lond., 18 (n.s.): 183-211.

ETHERIDGE, R., Jr. (1892). On the occurrence of
microscopic fungi, allied to the genus Palae-
achlia. Rec. geol. Surv. N.S.W., pt. 3, p: 95.

Frrzeatrick, H. M. (1930). The lower fungi,
Phycomycetes. McGraw-Hill, New York.

Frirscy, F. E. (1929). The genus Sphaeroplea.
Aunn. Bot. 43: 1-26.

Idem (1935). The Structure and Reproduction
of the Algae, v. 1. Univ. Press. Cambridge.
(Reprinted 1948).

Idem (1945). The Structure and Reproduction
of the Algae, v. 2. Univ. Press, Cambridge.
(Reprinted 1952).

Giumann, E. A, & Wynp, I L. (1952).
Fungi. Hafner Publ. Co., New York.
GeITLER, L. (1932). Cyanophyceae, in Rabenhorst,

Kryptogamen Flora, 14. Leipzig.

Jonnson, T. W., Jr. & Sparrow, F. K., Jr. (1961).
Fungi in oceans and estuaries. Publ. . Cramer.
Weinheim.

Kipston, R. & Lanc, W. H. (1921). On OIld
Red Sandstone plants showing structure, from
the Rhynie Chert Bed, Aberdeenshire Pt. §.
Trans. roy. Soc. Edinb. 52: 855-902.

The

Korpe, K. B. (1961). Vodorosli Kembriya yugo-
vostoka  Sibirskoi platformy. Akad. Nauk
SSSR, Paleont. Inst., Tr. t. 89: 1-147.

MESCHINELLL, A. (1902). Fungoram fassilium
iconographia. [Edif. Ultima, Vicetiae.

MippLeTON, J. T. (1943). The Taxonomy, Host
Range and Geographic Distrib. of the genus
Pythium. Mem. Torrey bot. ClL. 20(1): 1-171.

PerGEnS, ED. (1889). Révision des DBryozoares
du Crétacé figures par d'Orbigny. Mém. Soc.
belge Géol. 3. 305-400.

Pia, Jurwus (1927). Thallophyta; in Hirmer,
Max: Handbuch der TPaldaobotanik, Xlasse
Fungi, pp. 112-130.

RenavuLT, B. (1896). Bassin Houiller et Permien
d’Autun et d’'Epinac (text). Etud. Giles min.
Fr. 4. Paris.

Ricey, J. K.
Acanthocladia

(1957). Relationships between

la  guadalupensis -and  Solenopora
texana. J. Paleont. 31: 603-606.

Sgwarp, A. C. (1898). TFossil Plants, 1@ (Fungi
pp. 207-22, Text-figs. 41-44.) Cambridge Univ.
Press, Cambridge.

SurtH, G. M. (1938). Cryptogamic Botany, 1,
Algae and Fungi. McGraw-Hill, New York.

SmitH, W. G. (1877). A fossil Peronospora. Gard.
Chron; Oct 20: 499.

Srarrow, F. K. (1933). The Monoblepharidales.

Ann. Bot., Lond., 47: 517-542.

Idem (1943). Aquatic  Phycomycetes. Univ.
Mich. Stud., Sci. Sev. 15: 1-785.

SearrOw, F. K. Jr. (1934). Observation on
marine Phycomycetes collected in Denmark.
Dansk. bot. Avk., 8(6) 1-24.

Towrrins, C. M., Tucker, C. M. & MIDDLETON,

EXPLANATION OF PLATES

ALGAE

1. Porphyra (?) cf. pelliculata Elias. ‘‘ Denticles
circavité "’ of Pergens, 1889, fig. 1; in Mecyconoecia
(Entalophora) proboscidea (Milne-Edw.) Canu and
Bassler, 1920. Cretaceous. x 800.

2, 3. Conchocelis phase of Porpiyra drewae
Elias, new species; in walls of Heteropora pelli-

culala  Waters. Tatarskii Zaliv  (Gulf), near
Sakhalin and Yezo Islands.

2. Primary and secondary boring filaments.
X 480.

3. Fertile cell-row and sub-transverse plant-
initial (?). x 960.

4-6. '“ Conchocelis wvosea’’ phase of Porphyra
umbilicalis (L.) var. laciniata (Lightf) J. Ag.
Cultivated in ‘““shell” by Drew. After Drew,
1954.

7. Prochamaesiphon cumingsi Elias, gen. et sp. nov.
with apparently mucilaginous inner pseudovagina.
Middle Ordovician, Illinois. Univ. Indiana slide
150-5. x 660.

8. Prochamaesiphon geitleri Elias, sp. nov. with
empty basal pseudovagina. Upper Pennsylvanian.
Nebr. Geol. Survey slide 14-3-52-29. x 660.

9, 10. Chamaesiphon polymorphus and C. fuscus.
After Geitler, 1931, fig. 253; — see Fritsch, 1945/

J. T (1939). Soft rot of pumpkin and water-
mclon {ruits caused by Pythium wllimum.
J. agric. Res., 58: 461-475.
52, fig. 315, A, E.
9. A single cell with pseudovagina. X 660.
10. Empty pseudovagina, in which the inner
layers have become mucilaginous. X 660.
11. Chamaesiphon sideviphilus Starmach. From
Geitler, 1929, Text-fig. 251 (after Starmach).
X abt. 600.

Figs. 2-6, 9-11 Extant, Figs. 1, 7, 8 Fossil.

Fuwnet

12-21. Propythivm carbonarium gen. et sp. nov. In
" Balostomella ** polyspinosa (Condra) Girty. Upper

Pennsylvanian, Nebraska.

Fig. 12, 13. Slide SB-X-14-3-52.

TFig. 14. Slide S$13-39-14-3-52.

Fig. 15. Slide SB-29-14-3-52.

Fig. 16, 17, 19. Slide SB-40-14-3-52.

Fig. 18. Slide SB-42-14-3-52.

Fig. 12, 13 x 200; Fig. 14-18, x 340; Fig.
19 X 660.

Fig. 20. DBag-like hyphae (?), x 660. Slide
$B-29-14-3-52.

21. Very young primary and secondary hyphae
(?), x 660.
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26-80.

KiGs.
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22. Monoblepharis polymorpha Cornu. Germi-
nating zoospore, X 800. After Sparrow, 1933,
Text-fig. 1-h.

23. Pythium helicoides Drechsler. Sporangium
with ““ normal papilla.”” Fresh water and soil.
Produced in cultivation. From Middleton, 1943,
Text-fig. 6-C. X ca. 750.

24. Pythium anandrum Drechsler (Middleton).
““ Skewly beaked ” sporangium. Fresh water and
soil. From Middleton, 1943, Text-fig. 16-B.
X ca 750.

25. Pythium sp. vesicle with contents not fully
differentiated. Composite mostly from Middleton,

1943. X ca 750. ‘
26. Monoblepharis (?) (thalassinosus sp. nov.
x  660. Slide HNZ-1.
27, 28. Monoblepharis macvandra  (Lagerheim)
Woronin. X 250. From Sparrow, 1933, Pl 20,

Fig. 29 and 14.
29-43. Helevoporimyces spinosa gen. et sp. nov.
Slide HNZ-1.

Fig. 29. Development of hypha froin resting (?)
spore. X 1330.

Fig. 30. Young hypha. x 1330.

Fig. 31, 32. Adolescent hyphae. x 1330.

Fig. 33. Mature hypha. X 660.

Fig. 34. Zoosporangium of same (Fig. 33).
% 1330.

Fig. 35. Mature hyphae, with scattered aplano-

spores in zoosporangia and in adjacent parts
of hyphae; some spores in various stages of
germination. x 1330.

Fig. 36. Mature hypha with non-functional
male (?) nuclei in tips of spines. x 2000.
Fig. 38. Broken long hypha and remnants of

emptied hyphae. X 660.

Fig. 39. Detail of Fig. 38. x 1330.
Fig. 40. Hypha with wilted emptied zoo-
sporangium, X 660.
Fig. 41. Detail of Fig. 40. x 1330.
Fig. 42. Non-functional hypha. x 1330.
Fig. 43. Initiation of secondary hypha inside
stump of primary hypha. x 2000.
44, 45. Basidiobolus  ranarum  Eidam. Copu-
lation and development of zygospore. Small
circles (Fig. 45) are non-functional nuclei. After

Gaumann and Wynd, 1952, Text-fig. 81-1, 2.
X 500.
46-67. Ordovicimyces gallowayi gen. et sp. nov.
Fig. 46, 47. Hyphae with typical columellae.
x 660. Slide 150-5.
Fig. 48, 49. Hyphae nearest to algal germlings.
x 660. Slides 172-22-2 & 210-7.

Fig. 50, 51. Hyphae with lopsided bases.

X 660. Slides 175-66 and 150-5.

Fig. 52-55. Hyphae with expanded and crenu-
lated bases. 52-x 660; 53-55-x 1330. Slide
175-23.

Fig. 56. FHypha with double septum. x 1330.
Slide 175-23.

Fig. 57. Cytoplasm-filled secondary hypha
inside non-functional primary one. X 660.

Slide 175-23.
Fig. 58-60. Hyphae with clusters of discharged

spores. X 660. Slide 150-5.

Fig.  61. Bifurcated hypha. x 660. Slide
150-5.

Fig. 62. Trifurcated hypha. x 660. Slide
150-5.

Fig. 63-65, 67. Secondary hyphae inside primary
ones. X 660. Slide 175-23.

Fig. 66. Bag-like hyphae (?). x 660. Slide
175-23.

68. Ovdovicimyces (?) wvecemsis, sp. nov. In
Hetevopora neozelanica. x 660. Slide HNZ-2.
Figs. 22-45, 68 Extant, Figs. 12-21, 46-67 Fossil.

ALGAE
69. Trentepohlia annulala Brand. x 230. (after
Brand, 1910, Pl.4)
70, 71. Twventepohlia  iolithus (L)  Wittrock.

x 230. (after Brand, 1910, Pl 4)
72-74. Sphaeroplea africana Fritsch, transverse

septa. After Fritsch, 1929, Text-fig. 1-K. x 130;
(Text-fig. 1-E, H) x 330.

75. Sphaevoplea  wilmani  Fritsch & Rich,
septum. After Fritsch 19,29, Text-fig. 2-L.
X 430.

76. Sphaervoplea africana Fritsch, ‘‘ short seg-
ment. ”*  After Fritsch, 1992, Text-fig. 2-E. x 100.

Figs. 69-76 Extant.

Funci

77. Cytoplasmic strand in proliferated hypha.
78. Saprolegnia monoica var. glomevata Tiesen-

hausen. Sporangium growing from beneath an
old ome. x 250. After Coker, 1923, PIL 13,
Fig. 7.

79. Pythium oedochilum Drechsler.
1943, Fig. 7-B. x 660.

80. Bombardia lunala Zickler.
& Wynd, 1952, Fig. 185).

Figs. 77-80 Extant.

Middleton,

(from Gdumann



