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Image:  Xylaria digitata stromata26.  Rapid decomposition of dead 
wood returns carbon-rich compounds to the soil 

Background and taxonomy.  The Xylariaceae 
(Sordariomycetidae, Xylariales) contain 48 gen-
era and 386 species1.  Xylariaceae spp. occur 
worldwide, with the greatest number of species 
found in the tropics2,12.  Morphological and ge-
netic characteristics tend to align in phylogenetic 
analyses of Sordariomycetes taxa, and the Xylari-
aceae remains a monophyletic group of fungi 
with a reliable taxonomy3. 
  
Ecology.  Endophytes in the Xylariaceae co-
evolved with angiosperms (flowering plants)12; 

living and dead tropical woody plants remain 
their dominant niche.  Notorious taxa in the 
Sordariomycetes include the rice blast fungus 
(Magnaporthe grisea)4, the causal agent of chest-
nut blight (Cryphonectria parasitica)17, and a 
typical model organism for genetics studies 
(Neurospora crassula)64.  Most fungi in the Xy-
larialeceae decompose woody debris in late 
stages of decay, but phytopathogens and endo-
phytic species also occur in this family3.  Produc-
tion of cellulolytic and ligninolytic enzymes al-
lows Xylariaceous fungi to decompose various 
woody substrates24, and they produce antimicro-
bial secondary metabolites to compete with bacte-
ria and other fungi.  These chemicals generate in-
terest among bioprospectors, pharmaceutical re-
searchers, and applied ecologists22,40,47. 
   
Xylariaceous fungi on MPG North.  Why do xy-
lariaceous saprotrophs colonize living plant tissue 
rather than abundant woody debris?  One expla-
nation, the host jumping hypothesis, suggests that 
asymptomatic colonization of an alternate host by 
saprotrophs increases dispersal and subsequent 
colonization of their preferred substrate12.  If this 
hypothesis is true, asymptomatic infestations in 
alternate hosts should occur intermittently over 
time and result in more frequent isolation of these 
fungi from older trees by chance.  Fungi in the 

Figure 1:  Xylariales and allies distribution on MPG North5  The 
orange border surrounds the white pine sampling area.  Circles 
represent trees that host xylariaceous fungi; text color indicates 
tree group.  Blue=site native, mature trees; magenta=unbrowsed, 
planted seedlings; yellow=browsed, planted seedlings.  

White pine sub-population
# of trees 
infested

# isolates 
obtained

Unbrowsed seedlings 1 1
Browsed seedlings 2 3
Natural regeneration 9 11
Blister-rust infected 1 1
Needle cast infected 0 0

Table 1:  Xylariales & allies distribution on MPG North



Xylariales (and allies) occurred more often in the older, site-native white pines (table 1), consistent 
with the “host jumping” hypothesis.  Widespread distribution of Xylariaceous fungi on MPG North 
indicates efficient dispersal (figure 1). 
 
Xylariales and allies in restoration and pathogen defense.  Xylariaceous metabolism of cellulose and 
lignin allows active transport of simpler carbon compounds into the soil profile, which results in im-
proved soil physical and chemical properties.  This encourages plant growth27,28.  Soil restoration pro-
jects on MPG properties could harness this process by applying fungus-inoculated woody debris on 
roads and clearcuts (“mycoremediation”).  Species in the genus Xylaria also form mutualisms with 
plant hosts that limit damage from fungal pathogens22,46.  Chaetomium globosum liquid culture and 
purified culture filtrates inhibited rust fungus growth in laboratory and field trials47.  Future research 
could explore the effect of these fungi against blister rust and other tree diseases on MPG properties.   
 
Methods summary  
  
We amplified isolates’ nuclear internal transcribed spacer region (ITS) DNA and determined similarity to known fun-
gal cultures based on homology to sequences stored in NCBI/Genbank.  Microscopic analysis of isolates in culture 
provided further evidence to supplement the gene-based identification where possible.   

 
Family:  Xylariaceae 
 
Genus:  Xylaria  
  
Background.  The genus Xylaria contains at least 100 saprotrophic, pathogenic, and endophytic species that associate 
with most plant lineages worldwide13,16,17.  Known for their large, club-shaped stromata (image 1), saprophytic Xy-
laria spp. accelerate the return of nutrients from woody debris to soil.  Pathogenic Xylaria spp. cause lethal root rots 
and stem decay17.  Endophytes in this genus inhabit woody plants worldwide, including Artemesia spp. across Asia18, 
cupprecaeous trees in North America19, and tropical woody plants like coffee shrubs20, rubber21, and cacao trees22.   
  
Xylaria spp. and endophyte research.  The host jumping hypothesis proposes that endophytes infest alternative hosts 
to aid in dispersal, improve access to their preferred substrate, or survive through a decline in their preferred substrate.  
In contrast, the classic paradigm of endophyte function hypothesizes that asymptomatic endophytes persist in a latent 
state in their preferred host until tissue senescence triggers saprotrophic growth.  The classic paradigm also suggests 
that latent saprobes have an incentive to invest in the fitness of their host because they rely on a continuous supply of 
senesced tissue for survival rather than the ability to escape to an alternate host.  Host jumping endophytes stand to 
gain less from investment in their alternate hosts, as they simply leave when they can access their preferred substrate.   
  
The presence of Xylaria spp. saprotrophs in asymptomatic plant tissues could support either the classic paradigm or 
host jumping scenarios.  Evidence that saprotrophic endophytes also protected their hosts tends to support the classic 
paradigm.  In Theobroma cacao (cocoa tree), Xylaria spp. inoculations reduced leaf damage by Phytophthora spp. 
pathogens and improved host survival22.    Other research challenges latent saprotrophy as an explanation for endo-
phyte presence.  Phylogenetic analysis revealed that xylariaceous endophytes in liverworts clustered apart from known 
saprobes in the genus14; this suggests a cryptic lifestyle.  Further, because liverworts produce no lignin and little cellu-
lose65, putative saprotrophs would gain little from persistence in that tissue.  This scenario favors host jumping over 
the classic paradigm, although the evolution of a pure asymptomatic state in these endophytes also explains the ob-
served cryptic lifestyle.   
 
Xylaria and MPG Operations.  On MPG properties, saprotrophic Xylaria spp. could help us meet restoration goals.  
Clear-cut or roaded landscapes suffer from increased soil density, poor water infiltration, and low available carbon.  
Placement of high-carbon substrates (straw, slash, etc.) over degraded soils improves soil physical properties, helps 
the microflora recover, and encourages plant growth27, but migration of carbon compounds from woody debris into 
compacted soils relies on fungi already present on-site.  In compacted soils, damage to fungal communities slows this 



 
Isolate 424 
  
100% similarity to Xylaria digitata, accession GU322456.129 

 
The earliest description of X. digitata described its growth on a cut maple 
trunk in France30.  Although the majority of X. digitata isolates origi-
nated in continental Europe and Great Britian31, mid-twentieth century 
publications recorded the presence of this fungus in nine North American 
tree species7.  Later, academic conflict over the methods used to describe 
X. digitata in North America led to the assignment of X. acuta to North 
American Xylaria sp. isolates with a similar morphology to X. digitata32.  
Molecular evidence could dispute this reassignment:  according to the 
NCBI/GenBank database, ITS sequences in X. acuta and X. digitata dif-
fer by 4%, which is sufficient to differentiate between species according 
to typical protocol (3% difference between species with ITS se-
quences66).  Isolate 424 showed 100% ITS similarity to X. digitata, but 
96% similarity to X. acuta.  Further, conidiophore and conidia morphol-
ogy (images 2 and 3) match the descriptions of both X. acuta and X. digi-
tata, but robust colony growth of isolate 424 (image 1) differed from X. 
acuta32.  Since fungal databases lack any reference to X. digitata in North 
America based on genetic information4,31, isolate 424 presents an oppor-
tunity to confirm the presence of this fungus in North America for the 
first time.  Future research with isolate 424 could include a publication 
on the isolation of X. digitata in North America. 
  
Isolate 234 
  
97% similarity to Xylaria cubensis, accession AF163032.133 

Anamorph:  Xylocoremium flabelliforme 
  
X. cubensis and its anamorph occur on woody substrates6,7 in tropical, 
subtropical, and temperate regions throughout the world34.  It produces 
large stroma characteristic of Xylaria spp. fungi (image 467) The ITS se-
quence obtained from isolate 234 resolved to both of the allied families 
Xylariaceae and Diatrypaceae.  Isolate 234 produced chlamydospores in 
culture (image 6), but the lack of conidial structures challenges identifi-
cation by morphology.  Questionable genetic evidence and atypical col-
ony morphology (image 5) indicate that this isolate is an undescribed 
species in the Xylariales.   
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Images 1-6: Xylaria spp. 1-3: isolate 
424, in culture (1), with branched co-
nidiophore (2), and conidia (3) consis-
tent with X. digitata. 4: X. cubensis 
sporulating in a woody substrate in 
New Zealand67. 5-6: isolate 234, in 
culture (5) and with intercalary chla-
mydospores (6, arrow). Scale 
bar=10μm in 2, 3, 6.  LH except 467, 
and 6: BL 

process.  Fungal inoculation of added woody substrates (“mycoremediation”) accelerates decomposition and translo-
cation of carbon compounds into degraded soils, and speeds plant recovery28. 
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http://www.ncbi.nlm.nih.gov/nucleotide/296046196?report=genbank&log$=nucltop&blast_rank=1&RID=CKE0HVE601N�
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Images 7-13: Xylariaceae spp. 7-11: isolate 242, in culture (7), profuse conidiogenesis (8), individual truncate conidia typical of 
Nodulisporium spp. (9), penicillate conidiophore consistent with Nodulisporium spp. (10), unknown structures that could be parasites 
or extracellular nutrient-absorbtive tissues (11, arrows). 12-13: isolate 112, in culture (12), unusual conidiophore in isolate 112 
(arrow) that is difficult to classify. Scale bar=10μm in 8-11, 13.  LH except 13:  BL 

Other Xylariaceae isolates 
 
Isolate 242 
  
>97% similarity to Daldinia grandis, accession AF176982.135 

Anamorph genus:  Nodulisporium 
  
Isolate 242 (colony, image 7) produced numerous truncate conidia (images 8 and 9), and  conidiophores grew into 
brush-like appendages (penicillate structure, image 10).  This morphology is consistent with the type description for 
Nodulisporium spp.4  Unknown structures reminiscent of parasitic growth appeared in microscope images (image 11, 
arrows); darkened hyphae near these structures might indicate a defensive reaction by the host fungus.  
  
Daldinia spp. show weak to moderate host specificity on woody dicotyledonous plants, and parasitize them until host 
death triggers saprotrophic proliferation13.  Medical research found that Nodulisporium spp. caused brain infections in 
humans36 and produced cytotoxic37, anti-cancer38,39, and anti-plasmodium (malaria)40 compounds.  Because Nodulis-
porium spp. anamorphs belong to various saprotrophic or plant-pathogenic Xylariaceae genera4,17, confirmation of D. 
grandis would require induction of sexual spore formation from isolate 242.   
  
Isolate 112 
  
99% similarity to unknown foliar endophyte, accession AY561198.1 
98% similarity to Rosellinia spp., accession AB017661.1, AY805591.1 
Anamorph genera:  Dematophora, Nodulisporium, and Sporothrix 
  
Rosellinia spp. cause root rot diseases in at least 170 hardwood tree species worldwide17.  They produce cytochalasin 
E17, a potent phytotoxin that impairs actin polymerization in plant cells41.  Plant cells affected by cytochalasin E show 
slow root growth, reduced defensive responses, and rapid invasion by pathogens16.   
 
Isolate 112 (image 12) produced conidiophores in culture, but their high density and frilled, gelatinous appearance 
(image 13, arrow) resisted placement into any putative Rosellinia anamorph taxa.  Future work could attempt to con-
firm the sequence-based identity of this isolate.   
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http://www.ncbi.nlm.nih.gov/nucleotide/6003477?report=genbank&log$=nucltop&blast_rank=1&RID=D0XB13NT01S�
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Genus:  Nemania 
Anamorphs:  Geniculosporium spp.15 

  
Nemania spp. exist in soil and living or dead plant material worldwide4,6; 
they also decompose other fungi (image 1968).  Most reported plant dis-
eases caused by Nemania spp. occur in European hardwoods7, but these 
fungi also form endophytic relationships with Pinus spp. in China8 and 
Idaho9.  Nemania serpens decomposes maple wood, but persists as a qui-
escent endophyte in adjacent white spruce foliage10.  This observation 
provides anecdotal evidence of host jumping:  spruce needles may serve 
as an alternate host and allow the fungus to disperse across the land-
scape11.  Further, persistence in white spruce may allow the fungi to sur-
vive as maples decline in forest succession.  Then, when forest distur-
bance allows maples to re-colonize, spruce needles fall and deliver the 
fungus back to its preferred host. 
  
BLAST analysis of ITS sequences showed poor resolution between Ne-
mania and Xylaria spp.  Although micromorphological analysis supports 
identification of these isolates as Nemaina spp. anamorphs 
(Geniculosporium spp.), morphological similarity of anamorphs in this 
clade13 makes species confirmation difficult.  Applications of Nemania 
spp. on MPG properties include mycoremediation treatments in hard-
wood substrates.  
 
Isolates 34 (images 14 and 15), 366, 367, 412 
  
97% similarity to Nemania aenea, accession AF201704.1  
34:  98% to fungal endophyte, accession EU686035.114 

366, 367, 412:  97% to Xylaria sp., accession GQ906941.1 
  
Isolate 387 
  
100% similarity to ARIZ AZ0792, accession HM123490.1 
99% similarity to Nemania serpens, accession EF155504.1 
  
The accepted description for N. serpens’s anamorph identified conidia 
that measure 2.5-6 by 1.5-3μm4, but conidia in isolate 397 measure 3.6 
by 3.0μm (images 17-19).  This slight deviation in shape challenges the 
otherwise strong genetic identification of this isolate as N. serpens, and 
little research on ARIZ AZ0792 illuminates any morphological similarity 
to isolate 387. 

Images 14-20: Nemania spp. related isolates. 14-
15: isolate 34, in culture (14), conidiophore and 
discrete, solitary conidiogenesis (15, arrow). 16-
19: isolate 387, in culture (16), geniculate (bent 
“like a knee”) conidiophore (17, arrow), sympoi-
dal (alternating) conidiogenesis (18, arrow), and 
detached conidia (19, arrow). 20: Nemania 
serpens sporulating on a decomposed fungal 
fruiting body, British Colombia, Canada68. Scale 
bar=10μm in 3, 5-7.  LH except 2068, and 5: BL 
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Other Sordariomycetes:  allies of Xylariales fungi 
  
Isolate 428 
  
99% similarity to Chaetomium globosum, accession FN868476.1 
  
The saprobe C. globosum (Sordariomycetidae, Sordariales, Chae-
tomiaceae)4 occurs in soils, dung, wood, human environments6, and oce-
anic algae42.  C. globosum produces cellulolytic enzymes43 that cause soft 
rots (i.e., cellulose degradation that leaves lignin intact) in plant material, 
lumber, and paper products worldwide4.  C. globosum also produces anti-
biotic and antifungal compounds that antagonize fungal pathogens in 
sugar beet44, apple45, rice, and wheat46,47.  One of the wheat pathogens 
inhibited by C. globosum (Puccinia recondita) belongs to the same order 
(Puccinales) as white pine blister rust4.  Live mycelia, cultural filtrates, 
and purified metabolites produced by C. globosum reduced P. recondita 
growth in laboratory and field trials47.  Purified alkaloids from C. globo-
sum cultures also slowed human cancer cell growth42,48.   
  
The orange hue created in laboratory culture by isolate 428 provides evi-
dence of secondary metabolite production (image 21).  Microscopic 
analysis revealed chlamydospores (image 22, arrow).  In the absence of 
asexual or sexual spore production, future work with this isolate should 
attempt induction of sexual spore formation and confirm the sequence-
based identity.  The potential for isolate 428 to antagonize rust species 
underscores the need for positive identification and continued research.  
The purchase of verified C. globosum isolates constitutes an alternative 
option for further work.   
  
Isolate 251 
  
100% similarity to ARIZ AZ1006, accession HM123665.149 

98% similarity to Fimetariella rabenhorstii, accession AM921717.1 
Anamorph:  Cladorrhinum spp. 
  
F. rabenhorstii (Sordariomycetidae, Sordariales, Lasiosphaeriaceae)4 
occurs as an endophyte in Scots Pine (Pinus sylvestrus)50 and Aquilaria 
sinensis (an evergreen angiosperm endemic to China)51 leaves.  In soils, 
F. rabensorstii associates with ectomycorrhizal symbionts of P. syl-
vestrus52, but the nature of this association remains unclear.  Other 
Fimetariella spp. inhabit and metabolize dung53.  Coprophilous fungi oc-
cur in a wide variety of substrates due to deposition by animals (on soil, 
plants, aqueous environments, etc.) and sporulation.  Some dung fungi 
require passage through the gut of animals, and these species must exist 
in plants as part of their life cycle so herbivores will eat them54. 
  
The original description of this fungus occurred in 19644, and few studies 
describe its function in the environment or the diversity of its associated 
anamorphs.  That 40 unidentified sequences retrieved from GenBank re-
turn Fimetariella spp. as a best match56 suggests a widespread distribu-
tion and frequent isolation rate but little research interest or successful 
identification in culture.   Isolate 251 produced numerous conidia in cul-
ture (image 26) under both UVB and normal lighting conditions, but col-
ony pigmentation changed from tan to pink as a result of UVB exposure 

Images 21-27: Sordariomycetes. 21-22: isolate 428 
in culture with agar turned orange by a secon-
dary metabolite (21), and with interhyphal chla-
mydospores (22, arrow). 23-27: isolate 251 in 
culture exposed to normal light (23) and UVB 
(24), conidiophore collar (25), detached conidia 
(26), and phialide-like chlamydospore (27, ar-
row). Scale bar=10μm in 21, 24-26.  LH except 25
-26:  BL 
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Images 28-35: Sordariomycetes. 28-32: isolate 
272, in culture (28), detached and endoconidia 
(29, 30b, arrows),  phialidic conidiogenesis (30a,) 
a budding conidium (31, arrow), and phialides 
with conidia detached (32, arrows). 33-35: un-
known Sordariomycetes; isolates 403 and 191 in 
culture (33, 34), and conidia with possible bud-
ding or microcyclic conidiogenesis (conidia 
sprouting, 35, arrow). Scale bar=10μm in 28-31, 
33, 35. LH except 29-31:  BL 

(images 23 and 24).  Conidiophore structure remained ambiguous after 
repeated observation attempts.  A single conidiophore collar (image 25, 
arrow) and a lateral chlamydospore (image 27, arrow) fail to explain the 
genesis of multitudinous ovate conidia.  Probable endoconidiogenesis 
(i.e., hyphal contents condense into conidia and disperse from ruptured 
ends), the lack of lateral conidiophore branches (phialides) in large num-
ber, and 1-3 septate conidia contraindicate inclusion in the Cladorrhinum 
genus55.  As such, isolate 251 remains an unidentified hyphomycete re-
lated to Fimetariella spp. 
  
Isolate 272 
  
99% similarity to ARIZ AZ1004, accession HM123663.1 
98% similarity to Coniochaeta ligniaria, accession AY198390.1 
Anamorph:  Lecythophora ( = Phialophora) 
  
C. ligniaria (Sordariomycetidae, Sordariales, Coniochaetaceae) pro-
duces cellulose, xylanase, and two lignin peroxidases in liquid batch cul-
tivation57.  It also metabolizes phenolic compounds that inhibit fermenta-
tion of cellulosic materials58.  This combination of traits makes C. ligni-
aria a suitable organism for use in biofuels production, and a United 
States patent protects its use for this purpose59.   
  
Coniochaeta spp. and their anamorphs occur as asymptomatic endo-
phytes60; they also cause plant diseases in woody hosts like stone fruit 
trees61.  C. ligniaria causes disease in Larix occidentalis, Pinus spp., and 
various shrubs (e.g., Ceanothus velutinus, Alnus incana) in the northern 
Rocky Mountains7.  Production of potent anti-fungal compounds62 helps 
this fungus compete against other pathogens for host tissue. 
  
In culture, Coniochaeta and its anamorphs produce masses of slimy co-
nidia via phialides (short, lateral outgrowths from hyphae) and endoco-
nidiogenesis63.  Microscopic investigation of isolate 272 is consistent 
with Coniochaeta anamorphs due to the presence of phialides (images 30 
and 32), conidial morphology (images 29-31), and colony growth charac-
teristics.  Future research with isolate 272 could explore its potential as 
an antifungal producer and woody-debris decomposer. 
 
Unidentified Sordariomycetes 
  
These isolates produced conidia and hyphal growth reminiscent of ana-
morphs in the Soradriomycetidae, but without conclusive genetic evi-
dence or sexual sporulation, they remain unidentified.  In the NCBI data-
base, the closest named fungi to isolate 403 is in the Lecythophora; con-
tinued research may identify this isolate as another Conichaeta sp. ana-
morph.   
  
Isolate 403 
  
98% similarity to Sordariomycetes sp., accession GQ152999.1 
  
Isolate 191 
  
99% similarity to unknown foliar endophyte, accession AY561215.1 

http://www.ncbi.nlm.nih.gov/nucleotide/295850936?report=genbank&log$=nucltop&blast_rank=1&RID=CKE0HVE601N�
http://www.ncbi.nlm.nih.gov/nucleotide/32423501?report=genbank&log$=nucltop&blast_rank=9&RID=CKE0HVE601N�
http://www.ncbi.nlm.nih.gov/nucleotide/239948633?report=genbank&log$=nucltop&blast_rank=1&RID=CKE0HVE601N�
http://www.ncbi.nlm.nih.gov/nucleotide/46401425?report=genbank&log$=nucltop&blast_rank=1&RID=CKE0HVE601N�
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