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Microfungi from the upper Visean (Mississippian) of central France:
Structure and development of the sporocarp Mycocarpon
cinctum nov. sp.
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Abstract

Small spherical fungal sporocarps are widespread elements
in Carboniferous permineralized peat. While the morphology
and diversity of these structures are well documented, their
development and systematic position remain largely unknown.
A new sporocarp, Mycocarpon cinctum nov. sp., characterized
by a complex, two-parted wall occurs in a Middle Mississippian
chert from France. The outer wall consists of interlaced, thin-
walled, septate hyphae extending around the circumference of
the structure; the inner wall is constructed of densely spaced
and interwoven, thick-walled hyphal branches produced by
the hyphae of the outer wall. Intermixed with the thick-walled
elements are thinner-walled hyphal branches suggesting that
the inner wall expanded by additional branches intruding
between the pre-existing ones. Moreover, hyphal lysis along
the interior wall surface appears to have been an integral pro-
cess in sporocarp development. Mycocarpon cinctum provides
important new information that expands our knowledge about
the structural diversity and developmental biology of fossil
sporocarps.

Key words: Carboniferous, chert, fossil fungi, ontogeny,
reproduction, Zygomycota

Zusammenfassung

Verkieselter Torf aus dem Karbon enthilt nicht selten kleine,
runde Sporokarpe von Pilzen. Wihrend die Morphologie und
Diversitit dieser Strukturen heute gut dokumentiert sind, ist
tiber ihre Entwicklung und systematische Zugehorigkeit kaum
etwas bekannt. Ein neues Sporokarp, Mycocarpon cinctum nov.

sp., mit einer komplexen zweiteiligen Wand ist in einem Chert
aus dem mittleren Mississippium von Frankreich entdeckt
worden. Die duflere Wand besteht aus locker verflochtenen,
dinnwandigen und septierten Hyphen, die entlang der Kreis-
linie verlaufen; die innere Wand stellt ein kompaktes System
dickwandiger Hypheniste dar, welche von den Hyphen der
aufleren Wand gebildet werden. Zwischen den dickwandigen
Asten finden sich auch diinnerwandige, was darauf hindeutet,
dass die innere Wand durch Einfiigen zusitzlicher Aste in
das bestehende System gewachsen ist. Auflosungsprozesse
entlang der inneren Wandoberfliche scheinen ebenfalls ein
integraler Bestandteil der Sporokarpentwicklung gewesen zu
sein. Mycocarpon cinctum liefert wichtige Erkenntnisse tiber
die morphologische Vielfalt und Entwicklungsbiologie fossiler
Pilz-Sporokarpe.

Schliisselworter: Chert, fossile Pilze, Karbon, Ontogenese,
Reproduktion, Zygomycota

1. Introduction

Within Carboniferous permineralized peat from Europe
and North America are a variety of small (usually <1 mm
in diameter) spherical structures, including some that are
ornamented, which have collectively been termed sporocarps
(e.g., HUTCHINSON 1955; BAXTER 1960; Davis & LEISMAN 1962;
STUBBLEFIELD et al. 1983). All are composed of a central cavity
surrounded by a wall of loosely arranged interlacing and/or
tightly compacted hyphae, which may be aseptate or septate.
Some sporocarps contain one to several spherical structures
in the cavity, which has led to their interpretation as asco-
mycete cleistothecia (e.g., STUBBLEFIELD & TAYLOR 1983). In

“Author for correspondence and reprint requests; E-mail: m.krings@lrz.uni-muenchen.de
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this hypothesis, the larger internal spherical structures would
represent asci, and smaller ones ascospores. An alternative
interpretation, however, views the sporocarps as belonging
to the Zygomycota (TAYLOR & WHITE 1989; WHITE & Tay-
LOR 1989b). The large, inner spore-like body is suggested as
representing the zygospore, while the surrounding structure
would be equivalent to the hyphal envelope or mantle seen in
certain modern Endogonales (e.g., see TRAPPE & GERDEMANN
1972; BENJAMIN 1979; YAO et al. 1995; Braszkowskr et al. 1998).
The smaller internal spheres reported in some specimens are
regarded as mycoparasites.

Based primarily on wall composition and surface ornamen-
tation, several morphogenera have been introduced for fossil
sporocarps. For example, Mycocarpon S.A. HUTCH., a common
form in Pennsylvanian deposits, is characterized by a wall of
interlaced hyphae up to four layers thick (HutcHINSON 1955).
An amorphous, cuticle-like membrane extends along the inner
surface of the wall. Specimens of Sporocarpon WiLL. possess
a pseudoparenchymatous wall that extends outward into
narrow, conical processes (STUBBLEFIELD et al. 1983). A third
morphogenus, Dubiocarpon S.A. HutcH., is distinguished by
a wall constructed of radially elongated segments and spines
extending out from the sporocarp (STUBBLEFIELD et al. 1983;
GERRIENNE et al. 1999). The most prominently ornamented
taxon is Traquairia CARRUTH., a sporocarp type initially
described from the Lower Coal Measures of Great Britain as
a radiolarian rhizopod (CARRUTHERS 1872). Since that time,
numerous specimens have been reported from many Penn-
sylvanian localities (STUBBLEFIELD & TAYLOR 1983). The wall
of Traquairia is complex, with the outer layer constructed of
branching hyphae, some of which are organized into hollow
spines.

While sporocarps are relatively common in Pennsylvanian
deposits, they have rarely been reported from geologically
older and younger strata. Several forms are known from the
Mississippian. One of these, Roannaisia bivitilis T.N. TAYLOR,
GALTIER et AXSMITH, occurs in a late Visean chert from the Ro-
anne area in France (TAYLOR et al. 1994), while a second comes
from Esnost (REx 1986), another French locality yielding late
Visean cherts (see GALTIER 1971). However, the sporocarp
from Esnost has not yet been studied in detail and formally
described. Two Mississippian representatives of Traquairia
have been reported from the vicinity of Burntisland, Scotland
(ScotT 1911). An interesting sporocarp similar to forms known
from the Carboniferous is described as Mycocarpon asterine-
um T.N. TAYLOR et J.E. WHITE from the Triassic of Antarctica
(TavLor & WHITE 1989). This fossil is characterized by a
two-parted wall constructed of an outer mycelial and inner
noncellular component.

Although the morphology and internal organization of

many sporocarp types are well understood today, the develop-
ment (ontogeny) of these structures, especially of the complex
walls, remains largely unknown. In this paper we present a
description and photographic documentation of Mycocarpon
cinctum nov. sp., the heretofore undescribed Visean sporocarp
type mentioned in Rex (1986), based on a newly discovered
exquisitely preserved specimen from Esnost. This fossil shows
the organization of the two-parted wall, together with specific
developmental details, and thus represents a significant segment
of new information that expands our knowledge about fossil
sporocarps.

2. Material and methods

The chert block containing the sporocarp comes from the
upper Visean (Mississippian [= Lower Carboniferous]) of the
Autun Basin at the locality of Esnost, which is located about
10 km north of the city of Autun in the northern part of the
Massif Central, central France. Details regarding the geological
setting can be found in ScorT et al. (1984); for information on
the preservation of fossils and a paleoecological reconstruction
of the Visean ecosystem see REx (1986). The Visean landscape
at this site is interpreted as a series of pools and small lakes
within an open swamp forest ecosystem; the environment was
dominated by active volcanism. The cherts, which originally
formed in the pools and lakes (REx 1986), occur as loose blocks
within rhyolitic tuffs, and can be collected in cultivated fields.

Based on the structure of the chert matrix and composition
of the flora, several distinct lithologies have been recognized
(REx 1986). The sporocarp occurs in what has been termed
“Facies 2: Botryopteris chert I”. This lithology is characterized
by abundant foliar branching systems, rootlets, and sporangia
of Botryopteris antiqua KIDSTON, as well as Sublagenicula-type
lycophyte megaspores, some with well-preserved gametophyte
tissue.

The specimen was identified in a thin section prepared by
cementing a piece of chert to a glass slide and then grinding
the wafer until it is thin enough to be examined in transmitted
light. The section is housed in the paleobotanical collections of
the Université Montpellier II, France, under accession number
ES-A7945. The fossil was analyzed using normal transmitted
light microscopy equipment (Leica); digital images were taken
with a Leica DFC-480 camera.

3. Systematic paleontology
Fungi incertae sedis

Morphogenus Mycocarpon S.A. HUTCH.

Plate 1:

Mycocarpon cinctum nov. sp. from the Middle Mississippian of France; general morphology and outer wall layer. (1) Holotype specimen in two

different focal planes, 1a: plane close to centre, focusing on inner wall layer, 1b: plane off centre, focusing on outer wall layer; arrow in Fig.

1a indicates bulbose structure extending from outer surface of sporocarp; bar = 20 pm. (2) Outer wall layer constructed of interlacing hyphae

extending around circumference of sporocarp; bar = 10 pm. (3 & 4) Septate hyphae of outer wall layer; arrow in Fig. 3 indicates septum, arrow in

Fig. 4 shows hyphal branch directed outwardly; bars = 10 pm. (5) Transition from outer to inner wall layer; note hyphal branch bending inwardly

to form inner wall layer (arrow indicates septum); bar = 10 pm. (6) Hypha from outer wall layer contributing to formation of inner wall layer

by producing inwardly directed branches; arrows indicate septa; bar = 5 pm.
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