Taylor & Francis
Taylor & Francis Group
Mycologia

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/umyc20

Coprinopsis laanii fruiting on mammal carcasses in
an underground mine

K. J. Vanderwolf, D. F. McAlpine & A. Justo

To cite this article: K. J. Vanderwolf, D. F. McAlpine & A. Justo (2024) Coprinopsis laanii
fruiting on mammal carcasses in an underground mine, Mycologia, 116:2, 251-257, DOI:
10.1080/00275514.2024.2311038

To link to this article: https://doi.org/10.1080/00275514.2024.2311038

A
h View supplementary material &

ﬁ Published online: 16 Feb 2024.

N
CJ/ Submit your article to this journal &

||I| Article views: 96

A
& View related articles &'

PN

(!) View Crossmark data (&

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalinformation?journalCode=umyc20


https://www.tandfonline.com/action/journalInformation?journalCode=umyc20
https://www.tandfonline.com/journals/umyc20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/00275514.2024.2311038
https://doi.org/10.1080/00275514.2024.2311038
https://www.tandfonline.com/doi/suppl/10.1080/00275514.2024.2311038
https://www.tandfonline.com/doi/suppl/10.1080/00275514.2024.2311038
https://www.tandfonline.com/action/authorSubmission?journalCode=umyc20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=umyc20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00275514.2024.2311038?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/00275514.2024.2311038?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/00275514.2024.2311038&domain=pdf&date_stamp=16 Feb 2024
http://crossmark.crossref.org/dialog/?doi=10.1080/00275514.2024.2311038&domain=pdf&date_stamp=16 Feb 2024

MYCOLOGIA
2024, VOL. 116, NO. 2, 251-257
https://doi.org/10.1080/00275514.2024.2311038

Taylor & Francis
Taylor &Francis Group

W) Check for updates

Coprinopsis laanii fruiting on mammal carcasses in an underground mine
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ABSTRACT

Fungi are important decomposers of organic material, including animal waste. Ammonia and
postputrefaction fungi grow in soil enriched in ammonium and nitrogen from carcasses. In 2014,
we observed mushrooms fruiting on the flesh of a dead muskrat (Ondatra zibethicus) in an
abandoned underground copper mine in southeastern New Brunswick, Canada. We placed an
adult beaver (Castor canadensis) carcass near the muskrat to facilitate fungal colonization and
fruiting. The beaver carcass was colonized by a variety of molds, especially Acaulium caviariforme.
We observed mushrooms of an unidentified copriniid on the flesh 6 years and 9 months after
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carcass placement. Using morphological and molecular (nuclear internal transcribed spacer [nrlTS])
data, we identified the mushrooms as Coprinopsis laanii, a rarely encountered species generally
considered lignicolous. We discuss the role of C. laanii, and other postputrefaction fungi, in cave

environments.

INTRODUCTION

Fungi are important decomposers of organic material,
including animal waste. “Ammonia fungi® are
a chemoecological group of fungi that fruit after sud-
den additions of ammonia or other nitrogenous mate-
rials to soil (Sagara 1992). Some fungi grow in soil
enriched in ammonium and nitrogen from animal
carcasses, such as corpse finder mushrooms in the
genus Hebeloma (Sagara et al. 2008). These fungi do
not grow on buried cadavers per se, but rather on soil
enriched with the subsequent release of nitrogen dur-
ing the cadaver’s decomposition (termed the cadaver
decomposition island) (Carter and Tibbett 2003;
Carter et al. 2007). Generally, carcasses decompose
quickly, which may preclude the formation of fungal
reproductive structures directly on the waste (Sagara
1995). However, various species of mold grow on car-
casses (Hawksworth and Wiltshire 2011; Ishii et al.
2006; Novakova et al. 2018). Ammonia and postputre-
faction fungi undergo a succession of fruiting where
one set of fungi is later replaced by another (Sagara
1992, 1995). Early-stage fungi are generally sapro-
trophic and fruit from 1 to 10 months after enrichment
of soil with urea or other nitrogenous materials,
whereas late-stage fungi comprise ectomycorrhizal
basidiomycetes that fruit from 1 to 4 years after soil
enrichment (Fukiharu and Hongo 1995; Sagara 1992;
Sagara et al. 2008).

Animal carcasses are sometimes found in caves
where decomposition is slow and carcasses are colo-
nized by molds (Novakova et al. 2018). During routine
surveys of hibernating bats (Vanderwolf and McAlpine
2021), we found small mushrooms growing on the
flesh of a muskrat carcass (Ondatra zibethicus) on the
ground in an abandoned mine. Placing a carcass
nearby produced additional mushrooms, and we col-
lected sufficient material for identification via genetic
sequencing.

MATERIALS AND METHODS

We conducted this study in Dorchester Mine, an
ungated, abandoned, copper mine in southeastern
New Brunswick, Canada, that operated intermittently
from 1881 to 1917. The copper mineralization consists
mostly of chalcocirte, and malachite. Chalcocite is
found within small veinlets and nodules, whereas
malachite is mostly associated with fossilized plant
fragments within gray sandstones (Wright 1950).
The gray sandstone is reported to contain 4—5% chal-
cocite (S. Hinds, New Brunswick Geological Surveys
Branch, pers. comm.). A straight adit, with water of
10-50 cm depth flowing toward the mine mouth,
branches ~450 m from the mine entrance into two
tunnels. The total length of the mine is around
930 m (Wright 1950). We collected temperature and
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relative humidity data as part of another study
(Vanderwolf and McAlpine 2021). Briefly, we placed
an iButton (model DS1921G; +1 C; Maxim Integrated
Products, Sunnyvale, California, USA) set to record air
temperature twice daily (02:30 and 14:30 h) about 1 m
from the mine floor on a wall within 3 m of the
carcasses from December 2011 to August 2017. The
overall mean temperature over the recording period
was 6.6 + 0.24 C (max = 7.1 C, min = 6.1 C; n = 5659
measurements). We measured relative humidity with
a Kestrel 3000 Handheld weather meter (MPN 0830;
+1% RH; Boothwyn, Pennsylvania, USA) during site
visits. Kestrel measurements took some time to stabi-
lize, so the device was temporarily positioned on the
mine floor for measurements. The relative humidity
was 79.6% on 31 March 2015 and 89% on
4 December 2014.

We first observed the muskrat (Ondatra zibethicus)
carcass in the mine on 12 March 2014 in the dark zone
(area where no light penetrates) approximately
500 m from the mine entrance and adjacent to a pool
of water >3 m depth leading to the flooded lower level of
the mine. The carcass was in an advanced state of decay,
although flesh was still present (FIG. 1). Mold growth
was present, but no mushrooms were visible. We col-
lected mushrooms growing on the flesh of the muskrat,
especially the tail, on 4 December 2014, 31 March 2015,
14 July 2015, and 24 August 2017 (deposited in the New
Brunswick Museum herbarium: NBM-FF-005101,
NBM-FF-005142, NBM-FF-005750). However, the
mushrooms were small, fragile, and easily autolyzed,
so we did not obtain enough material for sequencing.
To obtain more mushrooms, we placed two adult beaver
(Castor canadensis) carcasses in the mine on
14 July 2015, one adjacent to the muskrat and
the second about 3 m away in an alcove (FIG. 2).
Beaver carcasses were frozen at the time of placement,
and we made no attempt to inoculate the carcasses with
spores from the muskrat carcass. The beaver carcass
adjacent to the muskrat was not present on the next
visit on 29 August 2016. The beaver carcass in the alcove
remained and was heavily colonized with mold during
our visits on 29 August 2016 and 24 August 2017, but no
mushrooms were visible (FIG. 3). Many mushrooms
were growing on the beaver carcass 8 April 2022
(FIG. 4), and we collected sufficient samples for genetic
sequencing.

We used small fragments of dried basidiomes for
DNA extraction to obtain one sequence of the unknown
mushrooms. ALVALAB (http://www.alvalab.es/) con-
ducted the molecular work using standard methods for
the study of basidiomycete fungi (e.g., Justo and Hibbett
2011). We used the primer combination ITS1F and ITS4

Figure 1. Dead muskrat (Ondatra zibethicus) in Dorchester Mine,
New Brunswick, Canada, 12 March 2014, with white mold grow-
ing out from the carcass (A), and 31 March 2015, depicting one
of the mushrooms growing out of the flesh (B).

(Gardes and Bruns 1993; White et al. 1990) for amplifi-
cation and sequencing of the fungal barcode (nuc rDNA
internal transcribed spacer ITS1-5.8S-I1TS2). We edited
and assembled raw data in ChromasPro (Technelysium,
South Brisbane, Australia). We assembled an ITS data
set of all publicly available sequences in GenBank with
a sequence similarity to our collection >89% over the
entire length of the sequences (as calculated in
a standard BrLasT search in the National Center for
Biotechnology [NCBI] database). All sequences
included in the analysis are of comparable length, with
only a few base pair difference at either end of the ITS
region. The only exception is the sequence of
Coprinopsis martinii (GU23412), which is missing
a good portion of ITS2 (about 150 bp). We aligned
a total of 20 ITS sequences using MarrT 7 (Katoh et al.


http://www.alvalab.es/

Figure 2. A. Beaver (Castor canadensis) carcass placed adjacent
to muskrat (Ondatra zibethicus) carcass and a deep pool of water
in Dorchester Mine, 14 July 2015. The remains of the muskrat are
circled. The arrow indicates two mushrooms on the muskrat
carcass. B. Beaver carcass placed in the alcove, 14 July 2015.

2019) and the strategy FFT-NS-i. We used a sequence of
Coprinus cortinatus as an outgroup. We inspected and
manually corrected the alignment in AliView (Larsson
2014). We ran a maximum likelihood (ML) analysis in
RAxML 8.2.12 under a GTRGAMMAI model as recom-
mended (Stamatakis 2014) with 1000 rapid bootstrap
(BS) replicates, using resources at the CIPRES Science
Gateway (Miller et al. 2010, see Supplemental data).

RESULTS AND DISCUSSION

Our sample (GenBank OR269905) appears in the
phylogeny together with a GenBank sequence of
Coprinopsis laanii (Q249276) (Kits van Wav.)
Redhead, Vilgalys & Moncalvo (Basidiomycota:
Psathyrellaceae; FIG. 5). Both sequences appear as
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the sister clade to a sequence of C. martinii, and
part of a well-supported clade that includes other
species of Coprinopsis  subsection  Narcotici:
C. trispora, C. narcotica, C. sclerotiger (=2
C. tuberosus), and C. stercorea (TreeBASE S30569).
Species of subsection Narcotici are characterized by
the mealy-powdery veil covering the pileus, made up
of globose elements, and the spores usually with
distinct myxosporium.

Coprinopsis is a large genus with close to 200
species found worldwide on soil, wood, plant debris,
and dung (Lebel et al. 2022; Redhead et al. 2001).
Although occurrences are not all confirmed with
genetic data, Coprinopsis laanii has previously been
documented on cut tree stumps, wood chips, and
fallen and rotted wood in Finland, Slovakia,
Germany, Poland, Belgium, the Netherlands,
Bulgaria, Scotland, Spain, and Sri Lanka but is con-
sidered rare (Kits van Waveren 1968; Runge 1986;
Odor et al. 2001; Denchev et al. 2007; Fernando
2009; Oosterbaan et al. 2009; Arrillaga et al. 2011;
Adaméik et al. 2016; Von Bonsdorff et al. 2016;
Gierczyk et al. 2017; Vandekerkhove et al. 2018;
Watling and Riddiford 2021). Unconfirmed online
sources, such as iNaturalist, suggest an even wider
global distribution in temperate environments in
both the Northern and Southern hemispheres.
Although Coprinopsis laanii has not been previously
documented in caves or mines, C. atramentaria and
C. radiata have been found on wood and walls in
caves in Europe and North America (Vanderwolf
et al. 2013). Coprinopsis laanii is considered an
ammonia fungus, as treating cut tree stumps with
urea increased colonization by C. laanii (Pratt and
Redfern 2001).

In our study site, carcass decomposition is slow
and primarily conducted by microbes. Necrophagous
insect taxa and vertebrate scavengers are absent due
to the distance from the mine entrance and because
the floor of the entrance adit is covered by a stream
for much of its length, which may discourage verte-
brates. Although we did not attempt to identify the
variety of molds present on the carcasses, masses of
black ascocarps of Acaulium caviariforme were read-
ily identifiable and occurred extensively on the flesh
of the muskrat and beaver carcasses. This species is
commonly found on carcasses in caves and mines
(Novéakova et al. 2018). The slow decomposition and
fruiting process may also be due to constant low
temperatures (6.6 C) in the mine. The temperature
optima for spore germination of several other species
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Figure 3. Beaver (Castor canadensis) carcass in the alcove in Dorchester Mine showing heavy mold growth, 29 August 2016 (A, B) and

24 August 2017 (C, D).

Figure 4. Body and face (orange incisors visible) of beaver
(Castor canadensis) carcass in the alcove in Dorchester Mine
with Coprinopsis laanii mushrooms visible, 8 April 2022.

of Coprinopsis belonging to the ammonia fungi
group is 15-30 C (Raut et al. 2011).

Coprinopsis spp. and other agarics are considered
early-stage (1-10 months) postputrefaction fungi
(Fukiharu and Hongo 1995; Sagara 1992; Sagara et al.
2008). We did not observe C. laanii fruiting until 6 years
and 9 months after we placed the beaver carcass in the
mine. Although our surveys were irregular

(29 August 2016, 24 August 2017, and 8 April 2022)
and fruiting likely started earlier than our first detection,
fruiting had not started 2 years 2 months after carcass
placement. The C. laanii mushrooms were fruiting on
the muskrat 14 July 2015 and 24 August 2017, and this
may have been the source of the fungus on the beaver, or
potentially the fungus originated from plant material in
the gut of both animals. Late-stage postputrefaction
fungi are ectomycorrhizal, and these fungi do not
appear in plots where roots are excluded (Sagara
1995). Although ectomycorrhizal fungi associated with
tree roots, including Hebeloma spp., are present in caves
and mines in our study region (Poelman et al. 2021),
roots do not extend deep enough at our study site to
reach the carcass’ location. Likely this explains why we
did not observe late-stage postputrefaction fungi on
carcasses in the mine.

Coincident with the appearance of C. laanii on the
beaver carcass, the flesh was mushy and the surface
black (FIG. 4). The location of buried and decomposing
vertebrate cadavers may be stained with a black color at
the soil surface when ammonia fungi are present (Sagara
et al. 2008). The black staining is caused by the output of
excess ammonia by ammonia fungi, which increases soil
pH, solubilizing black humic and fulvic acids (Sagara
et al. 2008). A similar process may have occurred with
the carcass at our study site.
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NR154756 Coprinopsis clastophylla
90

99 FJ386439 Coprinopsis stercoreai}

OM672956 Coprinopsis sclerotigerf{

MH855976 Coprinopsis narcotica{?
{
MN227299 Coprinopsis trisporaﬁ

Q249276 Coprinopsis laanii
100

100 Coprinopsis laanii NB AJ1896

100

GU234126 Coprinopsis martinii

MKQ72612 Coprinopsis poliomalla i}

JN943128 Coprinopsis cinerea ﬁ

100

MK491273 Coprinopsis villosa ﬁ

ONO059462 Coprinopsis candidolanata {?

86

100

FN396117 Coprinopsis spelaiophila

ONO059466 Coprinopsis lagopus complex

MK169350 Coprinopsis pachyderma

ABO071608 Coprinus phlyctidosporus

MT887852 Coprinopsis alnivora

MH856484 Coprinus myceliocephalus

OM212938 Coprinopsis romagnesiana

+ FN396121 Coprinus cortinatus

Figure 5. Maximum likelihood analysis of an ITS data set of all publicly available sequences in GenBank with a sequence similarity
>89% to our mushroom sample (in orange, GenBank OR269905). Coprinus cortinatus is the outgroup. TreeBASE S30569. Species
marked with a star have been reported to grow on dung (or other nitrogen-enriched substrates).

Mushrooms growing on the flesh of animal car-
casses have rarely been documented. Future surveys
of animal carcasses in caves and mines may yield
further insights into the ecology of these uncommon
fungi. These humid environments with limited or no
access by scavengers and necrophagous insects may
provide useful sites for experimental placement of
host carcasses.
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