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New Zealand Sooty Molds

Beech forest can be wall-
papered and carpeted with a
thick layer of black spongy
mold

It grows on the honeydew
exudate of the beech scale
insect (Ultracoelostoma spp.)

Also known in other NZ biomes
but nothing like the quantity in
beech forest

The mold is an enigmatic
community of many fungal
species unique to NZ
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New Zealand Sooty Molds

* Sometimes up to 6 species growing

LANDCARE RESEARCH

WHENUA

MANAAKI

January 26

intertwined. Each species
sometimes producing a sexual state
with ascopores, and 2 or 3 different
kinds of asexual spores (with their
own names). Often a mix of closely
related species together, but also
including totally unrelated species.

" The colonists call it Black Moss" —
1855, Jospeh Hooker, The Erebus &
Terror expedition.

"...1t was not my intention to get
involved with sooty moulds during
my stay in New Zealand in 1963.
However, they are a dominant
feature of the mycological
landscape... and there was no
escape.” — 1972, Stan Hughes
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Stan Hughes 1918 - 2019

Born in Wales, started at IMI Kew, but spent most of his working life in Ottawa, Canada
He established the modern method of classifying asexual fungi by conidial ontogeny
He spent 1963 in New Zealand at PDD

In that year he collected over 2,000 specimens including over 100 types

Over the next 48 years he published 39 papers on New Zealand fungi

17 of those papers were on our sooty molds

Only Stan had the experience & opportunity to decipher our sooty molds
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The sooty mold ecology questions

* Why are they all black? (actually many are dark brown)

An adaptation to survival. They need to grow and disperse in exposed
conditions because that's where the food is. They can’t hide inside a piece
of wood or inside a leaf.

* Ecology 101 - Why are many species co-existing in the same
apparent ecological niche with a single food resource?

* Known to happen when there is super-abundance of food that is
patchy and ephemeral.

» Is honeydew a patchy & ephemeral resource?
* Maybe.
» And/or is there hidden niche differentiation?

* Has been hypothesised that they use different components of the
honeydew. That seems unlikely. What else might differentiate?
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The sooty mold taxonomy questions

All genera and species were originally described in the so-called sooty-mold order — the
Capnodiales (Dothideomycetes)

Stan named many species in Euantennaria and Metacapnodium, and put them in the
families Euantennariaceae and Metacapnodiaceae which he placed in Capnodiales.

Species in the genus Capnodium are NOT a dominant part of the common beech sooty
mold community. Capnodium does dominate tea-tree molds.

Over the last 30 years molecular approaches have led to a massive upheaval of fungal
taxonomy for many groups, but the NZ sooty molds have been mostly left behind.

Metacapnodiaceae was moved to the Chaetothyriales only in 2024

Euantennariaceae remains in Capnodiales due to lack of sequences — but is that correct?
[no it isn't — most beech associates are not in the Capnodiales!]
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The sooty mold taxonomy questions

* Why no/little sequence data? Because ...

* Need a pure sample to sequence.

« Sequencing from the natural colonies is difficult because they grow as
intertwined communities

* NZ sooty molds seem difficult/impossible to grow in pure culture, even
in media enriched with honey.

» Usually, the isolated species are not representative of the colony from
which they were derived. (You might think they are, but they aren't).

« Why don’t most species grow in culture?
Perhaps because many aren’t simple saprophytes ;-)

« OK - so what about using eDNA techniques on bulk samples to tell
us what's there?
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eDNA studies of sooty mold communities

[ B Ascomycota:Unknown .

o i Manpreet Dhami et al, (2013)
e o Diverse honeydew consuming
:ﬁ:x:‘;::j;:::;“:;j‘; fungal communities associated
T T with scale insects. PLoS
Basidiomycola:Agaricomyceles
Basidiomycota-Tremellomycetes ONE 8(7):e70316

u Basidiomycata:Unknown

B Ascomycoty: Periomycetes

Ascomycota; Saccharomycetes

B Ascomycota; Orbiliomycetes

W Ascomycota:Phialophora

lhs:unwwta7

T aaaam . I= | _ * |
LRE MRS LR2 LA& LR4

e
MR9 LRT MR10 MD110% MD1108 MO1103  MD1107
Ultracoelostoma britting Coelostomidia wairoensis

« eDNA sequences need to be matched against reliable species
barcodes, and there aren’t any for sooty molds

* Not even close matches. Consequently they were mostly classified
‘Phylum Ascomycota — Class unknown'!
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The phylogenetics of some sooty molds

» Selecting samples for sequencing

» Select young samples before a mixed community develops, just after
the honeydew starts to be produced

* Very careful picking under a microscope of tissue from single colonies
« even then often get mixed signals due to multiple species

« The law of averages — if similar morphological samples give similar
sequences then the sequence is probably correct

« Try growing in culture and compare sequences with natural samples
« sequences always different
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Peltula umbilicata
Spiromastigoides warcupii
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Eremascus albus
Ascosphaera apis

Gymnascella littoralis
Neogymnomyces cf.[JAC18074|NZ

Class: Eurotiomy
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Onygena
Arthrode
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Thermoascu

& Aspergillus

Cali

76

84
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Renispora fl

Ctenomyces serratus

Arthroderma curreyi
Arachnomyces glareosus
Arachnomyces minimus
Talaromyces|JAC17332|NZ
Trichocoma paradoxa

Paecilomyces niveus
Xeromyces bisporus
Leiothecium ellipsoideum

Aspergillus nidulans

Penicillium javanicum

Cryptocalicium blascoi
Caliciopsis orientalis

Stenocybe pullatula

Onygenales

gymnomyces demonbreunii
Neogymnomyces virgineus
corvina

Trichothallus niger
A phylloplane sooty.
Also lichen related

rma ciferrii

| Arachnomycetales

s crustaceus
Pseudotulostoma japonicum

Eurotiales

fumigatus

Coryneliales

Corynelia uberata
ciopsis pinea

Pseudosclerococcum golindoi
Sclerococcum mangrovei
Sclerococcum parasiticum
Chaenotheca furfuracea
Chaenotheca trichialis
Sphinctrina turbinata

I Sclerococcales
| Coniocybales

Chaenothecopsis savonica Mycocahmales

Phaeocalicium polyporaeum
Euantennaria|JAC18340|NZ
Trichothallus niger|JAC16947|NZ
Trichothallus niger|[JAC16720|NZ
Anthracothecium australiense
Granulopyrenis seawardii
Pyrenula aspistea
Pyrgillus javanicus
Phaeomoniella chlamydospora .
Celerioriella prunicola Phaeomoniellales
Dolabra nepheliae
Metacapnodium|[JAC18348c hostiNZ
Metacapnodium ericophilum
Metacapnodium juniperi
Ophiocapnocoma batistae|[JAC16996|NZ
Metacapnodium|JAC17198|NZ
Metacapnodium|[JAC17021|NZ
Metacapnodium|[JAC17196|NZ
Metacapnodium neesii
Metacapnodium dingleyae
Metacapnodium|JAC18348b parasite|[NZ
Metacapnodium|JAC17343|NZ
Metacapnodium|JAC18322|NZ
Wahlenbergiella striatula
Bagliettoa baldensis
Staurothele areolata
Clavascidium lacinulatum
Dermatocarpon miniatum
Aphanophora ex Microxiphium |[JAC17352a[NZ
Ceramothyrium carniolicum
Cladophialophora modesta
Knufia perforans
Euantennaria pacifical JAC16746|NZ
Neophaeococcomyces catenatus
Chaetothyriales|JAC17124a|NZ
Cyphellophora europaea
Cyphellophora laciniata
Capronia parasitica
Exophiala pisciphila
Exophiala mansonii
Exophiala lecanii-corni
Exophiala bergeri
Exophiala jeanselmei
Capronia fungicola
Exophiala dermatitidis
Capronia munkii
Cladophialophora minourae
Fonsecaea monophora
Cladophialophora carrionii
Capronia pilosella
Cladophialophora boppii

I '"Trichothalles' order ined.

I Pyrenulales

'Metacapnodiales' order ined

Verrucariales

68

Metacapnodium
A beech sooty.
Brown colonies.
Torulose hyphae.

Chaetothyriales

48
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Class: Orbiliomycetes

—

Ascobolus crenulatus

83

Peziza vesiculosa

60

99

Mycoceros antennatissimus
Lilapila oculispora

Bryorbilia arenicola
Lecophagus longisporus
Lecophagus muscicola
Euantennaria mucronatalJAC17032|NZ
Amphosoma resinicola
EuantennarialJAC17198a|NZ
Retiarius superficiaris
0 | Euantennaria|JAC18321|NZ

_E Euantennaria|JAC17006|NZ

EuantennarialJAC17033|NZ

\ermispora fusarina
r— Hyalorbilia oviparasitica
83 L Orbilia pseudobrevistipitata

100 Hyalorbilia fusispora
Hyalorbilia berberidis
Hyalorbilia inflatula
Hyalorbilia cf. inflatula

83

Tridentaria implicans
Orbilia fissilis
Orbilia xanthostigma
Dicranidion fragile
| Orbilia nemaspora
L Orbilia stipitata
Helicoon sessile
Orbilia vinosa
Orbilia oxyspora
Dactylella intermedia
Dactylella clavata
Drechslerella dactyloides
Dactylellina leptospora
Orbilia mammillata
Gamsylella arcuata
Arthrobotrys flagrans
Arthrobotrys superba
Orbilia auricolor

87
%

0.1

Euantennariaceae

*
3

Orbiliaceae

O

Euantennaria
Sooty with beech &
other trees

Hyphae not torulose

Retiarius
pollen trapper

Amphosoma s
tree resin -~

Lecophagus
protozoan parasite

Mycoceros S
pollen trapper A=

Orbilia
nematode trapper
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Apothecial species are present

O

 Dark green apothecia
Directly associated
with the scale insect
bodies in
EFuantennaria
cushions

* Is this in the
Orbiliomycetes?

« Sequencing gave
many signals
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Conclusions O

Distinct communities:

Leaves (phylloplane) — indirect, aerosol/splash zone

Beech — directly associated with beech scale (Ultracoelostoma)
Bark/twigs — indirect, aerosol/splash zone

Tea-tree — directly associated with tea-tree scale (Coelostomidia)

Phylloplane splash zone fungi, like 7richothallus niger & Atichia glomerulosa are quite
different to bark zone species & related to lichens

Beech scale communities are dominated by Metacapnodium-like species in the
Eurotiomycetes and they probably represent a new order — Metacapnodiales

There are many more species than Hughes described

Euantennaria-like species include generalists in all communities. Come out in different
orders but some evidence many are in the Orbiliomycetes ... but those don’t have
apothecia?!

Are the orbiliales- Euantennaria-like species parasites of other sooty molds?

i.e. hidden niche differentiation allowing at least some species to co-exist. They are in a host-parasite
relationship, and potentially a host-parasite-hyperparasite chain.
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