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ABSTRACT

A new species, Ceratocystiopsis proteae,collected from insect-infested Protea repens is described.
Knoxdariesia, a new genus of dematiaceous hyphomycctcs is described to accommodate the anamorph
of C. proteae. Ceratocystiopsis proteaeshares characteristics ofCeratocystis sensu stricto(cycloheximide
sensitivity), Ceratocystiopsis (falcate ascopores) andOphiostoma (relatively long pcrithecial necks,
divergent ostiolar hyphae and an anamorph with holoblastic conidium development) but is currently
best accommodated inCeratocystiopsis. Knoxdaviesia pfllteaesuperficially resembles the hyphomycete
genera Leptographium and Stachybotrys. This is the first species ofOphiostomataceae described from
an indigenous plant in southern Africa and its relationship with other Ophiostomataceae is discussed.
Key Words: Ceratocystis, Ceratocystiopsis, Ophiostoma, Leptographium,Proteaceae, insect-associated

fungi.
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Cerawcystis Ellis & Haist. sensu latoincludes
the generaCeratocystis, OphiostomaH. & P. Sy-
dow and Ceratocystiopsis Upadh. & Kendr. Cer-
atocystis sensu strictohave anamorphs in the ge-
nus Chalara (Corda) Rabenh. in which conidia
develop through a ring wall building process
(Minter et al., 1983). Anamorphs ofOphiostoma
include genera such asGraphium Corda, 5po-
rothrix Hekt. & Perkins andLeptographiwn La-
gerberg & Melin in which conidia are produced
by apical wall building (Minter et al., 1982). The
two genera are further distinguished by the pres-
ence of cellulose, chitin and rhamnose in the cell
walls of Ophiostoma. Ceratocystisspp. have cell
walls more typical of Ascomycetes, containing
chitin and no cellulose or rhamnose (Jewell, 1974;
Rosinski and Campana, 1964; Smithet al., 1967;
Weijman and De Hoog, 1975). The latter fungi
are sensitive to cycloheximide whereasOphias-
toma spp. can tolerate high concentrations of this
antibiotic (Harrington, 1981).

Ceratocystiopsis was established by Upadhyay

,
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and Kendrick (1975) to accommodateCerato-
cystis 5.1.with falcate ascospores. These species
are ecologically and taxonomically most closely
related to Ophiostoma (De Hoog and Scheffer,
1984). In genera1, perithecia ofCeratocystiopsis
spp. have shorter necks than those ofOphios-
toma and some of these species were formerly
accommodated inEurophium Parker (1957).

Ophiostoma, Cerawcystisand Ceratocystiop-
sis spp. have ascospores produced in gloeoid
masses. In this way, they are adapted for dissem-
ination by insects.Ophioswma and Ceratocystis
spp. are commonly associated with bark beetles
(Coleoptera: Scolytidae) and weevils (Coleop-
tera: Curculionidae) that infest trees. The role of
most of these fungi in the biologies of their insect
vectors is incompletely understood. However, a
number of species such asOphioswma ulmi
(Buis.) Nan[ and O.lvageneri(Goheen and Cobb)
Harrington are important tree pathogens (Boyce,
]96]; Smith, ]967; Wagener and Mielke, ]96]).

Ceratocystis 5.5.is a relatively small genus and
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includes only 11 of the approximately 110 known
species ofCeratocyslis .'I./.These fungi appear to
be less closely associated with bark beetles and
have a wider range of vectors (Dowding, 1984;
JuZ\.vik and French, 1983) including flies (Dip-
tera) and sap-feeding nitidulid beetles (Coleop-
tera: Nitidulidae). Many species ofCeralOcystis
are pathogens and, unlikeOphiosloma spp., their
hosts include trees as well as many other agri-
cultural crops. For example,Ceratocyslis para-
doxa (Dade) C. Moreau causes diseases of palms
and sugar cane;Ceratocystis fimbriata Ell. &
Haist. is the causal agent of block rot of sweet
potatoes and various canker diseases of trees: and
C. fagacearum (Bretz.) Hunt is the cause of oak
wilt.

Few species ofCerawcystis 5.1.are known from
countries in the Southern Hemisphere. Species
such as C.jimbriala and C. paradoxa that arc
pathogens of herbaceous crops are, however,
widely distributed. A number of species have
been reported on tree crops and these have ap-
parently been introduced with tree-infesting bark
beetles from Northern Temperate forests (\Ving-
field et aI., 1985; Wingfield and Marasas, 1980),
Very few species are known from native plants
in the Southern Hemisphere and none are known
from native plants in southern Africa. This paper
describes a new species ofCeratocys!iopsis with
a new anamorph genus found in insect-infested
flower heads (FIG. I) ofProtea repens(L.) L.

MATERIALS AND METHODS

Perithecia were found, apparently growing
saprophytically on the surface of individual flow-
ers within inflorescences ofP. repens, in various
parts of the Western Cape. In all cases these flow-
ers were infested with insects belonging to a wide
range offamilies. Cultures were obtained by lift-
ing ascospore masses from the apex of peri the cia 1
necks and transferring them to 2% malt extract
agar (20 g Difco malt extract, 20 g Difco Bacto
Agar/lOOO ml water). Isolates were incubated at
20 C in the dark before examination. Growth
rate was measured by placing 4 mm disks from
one v.'eek old cultures on the surface of three Petri
dishes containing 20 ml MEA. Two perpendic-
ular measurements of colony diameter were made
after 8 days of incubation in the dark at tem-
peratures ranging from 10 to 35 C at 5 degree
intervals.

Tolerance to cycloheximide was tested by re-
moving 4 mm disks from a one week old culture
and placing them on the surface of hve plates
containing 0, 0,05, 0.1, 0.5, 1.0, 2.5 and 5.0 g
per 1000 ml MEA. Colony diameter was mea-
sured after plates had been incubated at 25 C in
the dark for 4 and 8 days.

Specimens for Scanning Electron Microscopy'
(SEM) were fixed in glutaraldehyde and osmium
tetroxide and dehydrated in a graded acetone
series. Material was critical point dried (Cohen,
1970), coated wih gold paladium and examined
in a ISI scanning electron microscope.

RESULTS

The morphological characteristics of theCer-
alocysliopsis sp. found onP. repensdiffered from
those of all previously described species ofCer-
atocysliopsis. Ceratocyslisand Ophiostoma. This
fungus is therefore described as new.

Ceratocystiopsis proteae \Vingficld, Van Wyk &
Marasas, sp. nor.

Perithecia superflcialia: basis nigra, globosa, (9-
216( 151) jlm diam: collum nigrum, glabrotunicatum,
168-354(285) jlmlongum, ad basim 20jlm latum, pars
media 12-24(15) jlm, attenuatum ad apicem: hyphae
ostiolarcs 5-11, hyalinae ad pall ide olivaceo-brunneae.
obtusac, 2-7(2) jlm longae. Asci evanescentes. Asco-
sporae hyalinae. aseptatac. fusiformes, lunatae vel fa]-
catae, vagina gelatinosa adest, 7-13 x 2-4(10 x3)jlm.

Hab. in inflorescentis Proleae repens(L.) L. inscctis
infcstis.

HOLOTYPUS: Stellcnbosch, Cape Province, South
Africa, May 1986, L. J. Strauss, PREM 48924.

Perithecia (FIGS, 2, 3, 15) produced on host
tissue and in culture on primary isolation plates
(2% MEA) only. after which only conidiophores

of the anamorph are produced. On the host, peri-
thecia are superficial on the mycelium; bases
black, globose, un ornamented, 99-216 (151).urn

diam; necks black, smooth-walled, 168-354(285)

~m long, 14-27(20) "m wide at the base, 12-
24(15).um wide in the center, tapered towards

the apex, terminating in 5-11 ostiolar hyphae
(FIGS. 3, 13) which are divergent, obtuse, hyaline

to light olivaceous brown, 2-7(2) .urn long. Asci
evanescent. Ascospores (FIGs. 4, 14) one-celled,
hyaline. fusiform in side view with a hyaline ge-
latinous sheath giving a lunate to falcate ap-
pearance, accumulating in a hyaline droplet at

thc ncck apex, 7-13 x 2-4(10 x 3)"m.
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FIGs. 1-4. Pro/ea repensflowers, perithecium and ascosporcs ofCeratocystiopsis pro/eae.1. Inflorescences
of Pro/ea /'cpens,approximately life size. 2. Perithccium, x 320. 3. Apex of perithecium, x 6500. 4. Falcate
ascosporcs, x 2500.
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FIGs. 5-8. Conidiophores ofKnoxdm'icsia proteae,anamorph ofCeratocysriopsis proteae.5. Conidiophore,
x900. 6. Conidiophore with conidiogenous cells, x3200. 7. Rhizoids at base of conidiophore, x 1600. 8.
Conidiogcnous cells branched at apex of conidiophore, x 2100.

SPECIMENSEXAMINED:On flowers within inflores-
cences ofProtea repens infested by insects, SteBen.
bosch. Cape Province, South Africa, May 1986, L. J.
Strauss, PREM 48924 HOLOTYPE. PARATYPES,
PREM 48925, PREM 48926 on insect-infestedP. rc-
pens flowers, Stellenbosch, November 1986, M. J.
Wingfield.

Knoxdaviesia Wingfield, Van Wyk & Marasas,
gen. novoHyphomycetes, Dematiaceae.

Conidiophora macronematosa, mononematosa,
scptata, olivaceo-brunnea, oriunda a hyphis rhizoida-
libus; stipes erectus, simplex, inflatus ad apicem. Cel-
lulae conidiogenae (phialides) terminales, discretae,
ovoidcae, olivacco-brunncac. Conidia holoblastica,
hyalin a, aseptata, laevia, cylindrica vel allantoidea, ag-
gregantia in capitulis mucoidis.

SPECIESTYPICA:Knoxdaviesia prOleaeWingfield, Van
Wyk & Marasas.

Conidiophores macronematous, mononema-
taus, olivaceous-brown, septate, arising from well

developed rhizoids; stipe erect, simple, inflated
at the apex. Conidiogenous cells (phialides) pro-
duced terminally on conidiophores, discrete,
ovoid, olivaceous-brown, producing conidia at
the apex and leaving minute collarettes. Conidia
holoblastic, hyaline, one-celled, smooth-walled,
cylindrical to allantoid, rounded at the apex and
truncate at the base, produced in mucoid masses
at the apex of conidiophores.

ETYMOLOGY:Named after Professor Peter S.
Knox-Davies of the University of Stellenbosch
who has made major contributions to the rec-
ognition of Protca fungi.

Knoxdaviesia proteae Wingfield, Van Wyk &
Marasas, sp. nor.

Coloniae in agaro "malt extract" 8 diebus apud 25
C, 2.65 cm diam, primo hyalinae, deinde olivaceo-
brunneae; mycelium aerium restrictum; mycelium im-
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FIGs. 9, 10. Conidiogenous cells and conidia ofKnoxdaviesia proteae.anamorph ofCeralOcystiopsis proteae.
9. Conidiophore and conidiogenous cells with small apical collarettes, x 5000.10. Conidia, x6500.

mersum ex hyphis septa tis, ramosis, primo hyalin is,
deindc olivaceis, glabrotunicatis, 3-7(5) /-tm diam,
compositum. Conidiophora macronematosa, mono-
nematosa, septata, glabrotunicata, olivaceo.brunnea,
oriunda a 1-5 hyphis rhizoidalibus, 5-23 x 3-7(13 x
5) /-tm;stipes erect us, simplex, 69-198( 132) i-tm longus,
7-10(8) /-tm latus ad basim, attenuatus ad apicem in-
flatum. Cellulae conidiogenae (phialides) 7-12, ter-
minales, ovoideae, olivacco-brunncae, 6-10 x 5-6 (9 x
5) i-tm. Conidia holoblastica, ascptata, hyalina, lacvia,
cylindrica vel allantoidea, ad apicem obtusa, ad basim
truncata,4-7 x 2-4(5 x 3)i-tm.

HOLOTYPUS: Cullura exsiccata in agaro, sejuncta
a inflorcscentis Proteae repensinsectis infestis, Stellen-
bosch, Cape Province, South Africa, May 1986, L. J.
Strauss. PREM 48928.

..

Colonies on ha1fstrength MEA relatively slow
growing, 2.65 em diam after 8 days at 25 C,
growth reduced at temperatures below 25 C with
virtually no growth at laC; at first colorless,
becoming olivaceous-brown. Aerial mycelium
sparse, submerged mycelium composed of sep-
tate, sparingly branched, smooth-walled hyphae,
hyaline at first and olivaceous-brown in age, 3-
7(5) ~m diam. Conidiophores (FIGs. 5-8, II, 12)
produced sparsely on host tissue but relatively
abundantly on the surface of half strength MEA;
on agar rnacronematous, mononernatous, sep-
tate, smooth.walled, olivaceous-brown, arising
from 1-5 well developed rhizoids (FIGS. 7, 11)
which arc 5-23(13) ~m long and 3-7(5) ~m wide
in the center; stipe erect, simple, 69-198(132)
~m long, 7-10(8) ~m diam at the base and ta-
pering slightly towards the inflated apex, termi-
nating directly without rnetulae in 7-12 conidio-
gcnous cells. Conidiogenous cells (phialides)

(FIGS. 6, 8, 9, 12) ovoid, olivaceous-brown, 6-
10(9) ,urn long, 5-6(5) ,urn wide, with indistinct
collarettes (FIGS. 9, 12), occasionally resuming
growth to give rise to a second set of conidio-
genous cells (FIGS. 8, II). Conidia (FIGS. 10, II)
holoblastic, one-celled, hyaline, smooth-walled,
cylindrical to allantoid, rounded at the apex and
truncate at the base, 4-7 x 2-4(5 x 3),urn.

SPECIMENSEXAMINED:Cultures on 2% MEA, isolated
from perithecia on flowers within inflorescences ofPro-
tea repensinfested by insects, Stellenbosch, Cape Prov-
ince, South Africa, May 1986, L. J. Strauss, PREM
48928, HOLOTYPE. ]SOTYPES,PREM 48929, PREM
48930 from perithecia onP. repcns flowers, Stellen-
bosch, May 1986, L. J. Strauss.

Dried down cultures of the holotype as well as per-
manent slide preparations have been deposited in the
National Collection of Fungi, Plant Protection Re-
search Institute, Pretoria, South Africa (PREM). Sub-
cultures or the type strain have been deposited in CBS
and CMf.

No growth of C.proleae was observed after 4
days on any cycloheximide concentration tested.
After 8 days, colonies were an average of 26.5
mm on control plates, 5_7 mm on the lowest
concentration (0.05 glL) of cycloheximide and
no growth occurred at any other concentrations
tested.

DISCUSSION

Although for now we recognize the genus, it is
our opinion thatCeratocystiopsis requires recon-
sideration. Ascospore morphology does not ap-
pear to be a character sufficiently constant to
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FIGs. 11-] 5. Ceratocystiopsis proteaewith anamorph Knoxdm'iesia proteae.It. Conidiophores. 12. Conidio-
genous cells and conidia. 13. Apex of perithecium with ostiolar hyphae. 14. Ascospores. 15. Perithecium. Scale
bars, FIGS. 12, 13, 14= 10 ~m; II, 15 = 50Jtm.
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determine generic status. Upadhyay (1981) es-
tablished sections inCeratocystis 5./.separated
on the basis of ascospore morphology. For ex-
ample, section Ips was distinguished by having
pillow shaped gelatinous sheaths, ascospores in
section Ophiostoma lack gelatinous sheaths
whereas those in sectionEndoconidiophora arc
inequilatcral and elongated. The presence of fal-
cate sheaths could equally be assigned to a sec-
tional rather than generic status. MostCerato-
cysliopsis spp. would then be accommodated in
Ophiostoma and their relatedness would be more
obvious.

The new species described here has sheathed,
elongate ascopores and is therefore currently best
placed in the genusCeratocystiopsis. Ceratocys-
tiopsis proteac> is, however, morphologically
unique among theCeratocystiopsis spp. and
shares characters withCeratocystis sensu stricto
and Ophiostoma. Only one species ofCerato-
c)'stiopsis, C. crassivaginata (Griffin) Upadhyay
(1981) has divergent ostiolar hyphae similar to
those of C.proteae. Ceratocystiopsis crassivagi-
nata, unique among Ceratoc.vstiopsisspp. for its
Leptographium anamorph, has recently been in-
cluded in Ophiostoma (Harrington, 1987).Cer-
alocystiopsis spp. are described as having peri-
thecial necks that are either absent or short. The
new species described here has perithecial necks
that are unusually long amongstCeratocystiopsis
spp. and that would be more common amongst
Ophiostoma spp.

The occurrence of an anamorph with apical
\vall building in C.proteae suggests that it is more
closely related toOphiostoma than Ceratocystis
s.s. However, the sensitivity of this species to
cycloheximide is a characteristic in common with
Ceratocystis 5.5.and sets it apart from most
Ophiostoma spp. Further studies, including an
analysis of cell wall components and a detailed
examination of conidium development, would,
therefore, be warranted.

Leptographium is the only anamorph ofCer-
atocystis s.l.that resembles the anamorph of C.
proteae. However, Knoxdariesia described here
is distinct from Leptographium in its absence of
series of metulae and the presence of conidio-
genous cells directly on the stipe. In addition,
conidia in Leptographium spp. are produced
through percurrent or sympodial proliferation of
conidiogenous cells (Wingfield, 1985). In
Knoxdaviesia, the mode of conidial development
is not clear. However, conidia arise from phia-

'.
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lides with indistinct collarettes, apparently
through an apical wall building process (Minter
el al.. 1982).

The hyphomycete genusStachybotrys has
ovoid phialides produced directly on the conid-
iophore stipe and thus resemblesKnoxdaviesia.
However, Stachybotrys spp. typically have dark
conidia, and one species, S.albipes (Berk. and
Br.) Jong and Davis has a teleomorph inJIela-
nopsamma Niesel (Jong and Davis, 1976). This
indicates a lack of relatedness betweenStach}'-
botrys and the anamorph of C.proteae. Knoxda.
viesia also superficially resembles some species
of Phialocephala although conidiogenous cells in
Phialocephala are usually subtended by series of
metulae. We, however, considerPhialocephala
to be a heterogeneous form genus containing a
number of unrelated species. None of these
species arc known to be anamorphs ofCera to-
cystis 5.5.and the allocation of a new genus for
the anamorph ofCeratocystiopsis proteaeis most
appropriate.

Ceratocystiopsis proteaeoccurs in insect-in-
fested inflorescences ofProtea repens and ap-
pears to be saprophytic on the flowers.Ceralo.
cJ'stis spp. s.l. are known to be disseminated by
insects. It is thus assumed that one or more of
the many insect species that infestP. repens in-
florescences (Coetzee and Gilomee, 1987) are
vectors of C.protea.

Most Ceratocystis spp. 5.1. arc known from
Northern Hemisphere and most occur associated
with insects on trees. It is therefore not surprising
that a newCeratocystiopsis from southern Africa
on a substrate not previously known to harbor
related fungi should include characteristics not
fully accommodated by taxonomic schemes for
Ceratocystis 5.1.Other similar fungi may occur
in flowers of Proteaceae and further collections
could broaden our understanding of the Ophio-
stomataceae.
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