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ABSTRACT

Context. Cacti are endemic to North and South America, but numerous species have been spread
all over the world after Europeans visited the Americas. Their global spread has impacted various
aspects of terrestrial ecosystems, including the distributions of succulenticolous myxomycetes.
Aims. In this study, we examine the association of myxomycetes (also known as plasmodial slime
moulds or myxogastrids) with three introduced species of cacti in Australia. Methods. Using the
moist chamber culturing technique we prepared 33 cultures from dead portions of three species of
cacti collected in New South Wales and Queensland. Key results. Eighty-eight percent of moist
chamber cultures yielded evidence of myxomycetes (either plasmodia or fruiting bodies). A total of
12 species representing six genera were recorded. Physarum compressum was the most abundant
species (appearing in 20 of the 33 cultures), with species such as Perichaena depressa also
relatively common. We also report the first records of Perichaena luteola in Australia.
Conclusions. This is the first study to investigate the assemblages of myxomycetes associated
with members of the Cactaceae in Australia, and we highlight the occurrence of succulenticolous
myxomycetes on the continent. Implications. This study leads to a better understanding of the
biogeography, distribution and ecology of succulenticolous myxomycetes. We also add a new
species record for Australia.

Keywords: Amoebozoans, biogeography, Harrisia, microbial ecology, moist chamber cultures,
Opuntia, slime moulds, succulenticolous myxomycetes.

Introduction

There are no native cacti in Australia; but captain Arthur Phillip brought the first
prickly pear (Opuntia sp.) to Australia from Brazil in 1787, and various species
continued to be imported well into the 1800s (Frawley 2007). The British military
required a red textile dye called carmine to make their signature red coats, and this dye
was obtained from the cochineal insect (Dactylopius coccus) (Frawley 2007) that feeds
on species of prickly pear. The British were hopeful that the new colony could capitalise
on carmine as a lucrative export; however, they had very limited success with farming
this scale insect.

As colonists invaded further inland and away from the more humid coastal regions, they
brought various species of cacti with them. The plants were better adapted to the drier,
more inland portion of the continent, and they began to become more successful and
prolific. By the early 20th century, several species of prickly pear cacti had grown out of
control and were becoming a serious weed species, often making regions uninhabitable
for farmers (Frawley 2007). In some areas of Queensland and New South Wales, there
were as many as 12500 plants per hectare, and they were estimated to be expanding
by more than 400000 ha per year; they covered areas larger than some European
countries (Osmond et al. 1979; Domico 2018). The spread of these cacti was a serious
ecological and agricultural problem that led to research and the eventual introduction of
the cactus moth (Cactoblastis cactorum) from South America in the 1920s and 1930s
(Nature 1933; Frawley 2007). Introduction of the cactus moth was successful in killing
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off most of the large tracts of nearly monodominant
populations of prickly pear cacti. Certain species of cacti
remain relatively common in some regions of Australia, but
they are no longer nearly as problematic a weed as they
once were.

Research has been dedicated to the biology and taxonomy
of these introduced cacti in Australia and their impact on
ecosystems, but there appear to be no previous studies of
the myxomycetes associated with these plants. In North
and South America, studies have demonstrated that there
are distinct assemblages of myxomycetes associated with
native cacti (Blackwell and Gilbertson 1980; Lado et al.
1999, 2007a, 2007b; Wrigley de Basanta et al. 2008, 2009;
Estrada-Torres et al. 2009; Ndiritu et al. 2009; Ferreira and
Cavalcani 2011). Some of the same species of myxomycetes
have been reported from cacti in other regions of the
world where they were introduced, including the Hawaiian
Islands (Eliasson 1991), the Canary Islands (Mosquera et al.
2003) and Ascension Island (Stephenson 2009). Lado et al.
(2007b) listed 10 species of myxomycetes that were described
as new to science from specimens associated with the
Cactaceae and other succulent plants (e.g. certain members
of the Euphorbiaceae). However, a number of other species
(e.g. Estrada-Torres et al. 2009; Lado et al. 2009, 2013,
2019) have been described since then. Some of these
succulenticolous myxomycetes are not yet known from any
other substrate.

There are more than 1000 described morphospecies
of myxomycetes (Lado 2005-2022). Although long thought
to be related to fungi, myxomycetes belong to a totally
different group, the Amoebozoans. Their life cycle consists
of two trophic (feeding) stages and a reproductive stage.
One of the trophic stages (the plasmodium) can achieve a
size large enough to be seen with the naked eye. In their
other trophic stage (which is microscopic), myxomycetes
perform an important role in most terrestrial ecosystems
through their feeding activities. This second trophic stage
can take the form of an amoeba or be flagellated, and the
term ‘amoeboflagellate’ is used to refer to both morphological
expressions.

During this amoeboflagellate stage, myxomycetes feed
primarily on bacteria; during their plasmodial stage, they
utilise other food resources, including algae, spores, fungal
fruiting bodies and possibly even lichens (Stephenson 1988;
Stephenson and Stempen 1994; Rollins and Stephenson
2011). Their consumption of bacteria releases the nutrients
contained within these prey organisms, thus making these
nutrients available to other organisms and trophic levels
(e.g. plants and animals) and aiding in the transfer of
nutrients back into the surrounding environment (Crotty
et al. 2012). The amoeboflagellate stage eventually gives
rise to the plasmodial stage, from which the reproductive
(fruiting body) stage is produced. The fruiting bodies of
myxomycetes resemble those of certain fungi but are much
smaller (usually no more than 1-2 mm tall) and totally
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different in structure. Fruiting bodies of myxomycetes can
develop under natural conditions in the field, but most
studies of the species associated with such microhabitats as
decaying cacti use moist chamber cultures to obtain fruiting
bodies in the laboratory (Stephenson and Stempen 1994).
This was the approach we used in this study.

The composition of myxomycete communities associated
with the large populations of cacti in Australia during the
late 19th and early 20th centuries before the introduction
of the cactus moth is unknown, but the smaller remaining
populations are still available for study. The objectives of
the project described herein were first to characterise the
assemblage of species associated with some cacti
populations present in Australia and then determine the
extent to which succulenticolous (living or growing on
succulent plants) myxomycetes make up this assemblage.

Materials and methods

Collections were made from dead portions of cacti — especially
the pads (cladodes) of prickly pear cacti — and any other
dead cactus material. Collections were made only from
material that had already fallen to the ground. We had
eight collection sites: one in New South Wales and seven in
Queensland (Table 1). Samples were collected from
three species of cacti in two genera. Seven sites contained
Opuntia tomentosa, one site had Opuntia stricta and one had
Harrisia martinii (Fig. 1, Table 1). Most of the dead material
collected in this study appeared to have been produced by the
feeding activities of the cactus moth (Fig. 1). There were
frequently large numbers of pads on the ground around the
bases of larger/older cacti.

Samples were placed in paper bags, air dried, and sent to
the Eumycetozoan Laboratory at the University of Arkansas,
where they were processed in the manner described by
Stephenson and Stempen (1994). Small pieces of cacti from
each sample were placed in disposable plastic Petri dishes
lined with filter paper, with enough material placed in each
dish to cover most of the bottom. Water was then added to
each dish, the top placed on the dish, and these moist
chamber cultures set aside for approximately 24 h. After
this time, pH was determined for each dish with the use of
a portable pH meter and excess water in the dish was then
poured off. Two to four moist chamber cultures were prepared
from each sample, for a total of 33 cultures. These cultures
were examined with a stereomicroscope on a weekly
basis for a period of 3 months. Specimens of myxomycetes
appearing in the cultures were removed along with a small
portion of the substrate upon which they occurred, allowed
to air dry, and then placed in small pasteboard boxes
for permanent storage. All specimens cited herein are now
deposited in the mycological herbarium (UARK) at the
University of Arkansas.
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Table |I. The eight locations where nine samples were collected from three different species of cacti.

Sample locations and species of substrate

Site Cactus species Date Location GPS location Elev (m)
Site | Harrisia martinii 6 Aug 20 Goondiwindi, QId 28°23'40"S 150°18'47"E 204
Site | Opuntia tomentosa 6 Aug 20 Goondiwindi, Qld 28°23'40"S 150°18'47"E 204
Site 3 Opuntia tomentosa 7 Aug 20 Clermont, QId 22°36'04"S 147°32/01"E 332
Site 4 Opuntia tomentosa 7 Aug 20 Campaspe, QId 20°26'57"S 146°13'20"E 274
Site 5 Opuntia tomentosa 6 Sep 20 May Downs, QId 22°55'07"S 148°53'40"E 170
Site 6 Opuntia tomentosa 6 Sep 20 Stewarton, Qld 23°55'27"S 148°58'15"E 386
Site 7 Opuntia tomentosa 6 Sep 20 Rewan, QId 25°0210"S 148°33'59"E 305
Site 8 Opuntia tomentosa 7 Sep 20 Thallon, Qld 28°24'47"S 148°49/26"E 221
Site 9 Opuntia stricta 10 Jul 20 lluka, NSW 29°23'53"S 153°22'12"E 7

Note that two species of cacti were collected at Site |, but all other sites were sources for a single species.

Elev, elevation.

Results

Of the 33 moist chamber cultures, 29 (88%) yielded some
evidence (plasmodia or fruiting bodies) of myxomycetes.
A total of 12 species representing six genera were recorded.
Physarum compressum was the most common species
(appearing in 20 of the 33 cultures). This species sometimes
produced more than 100 fruiting bodies in a single moist
chamber culture. Other species represented by five or more
specimens were Licea succulenticola (seven specimens),
Perichaena depressa (seven specimens) and Badhamia
melanospora (six specimens). Five of the species recorded
were represented by a single specimen. The mean pH
determined for the 33 moist chamber cultures was 8.2,
with a maximum of 8.6 and a minimum of 7.1.

Myxomycetes were recorded on all three of the species of
cacti included in our study and for all but one site. The two
cultures prepared with samples from Site 4 produced no
evidence of myxomycetes.

Species recorded from moist chamber cultures

In the species list below, all taxa of myxomycetes recorded in
the present study are listed alphabetically by genus and then
species. The nomenclature used follows Lado (2005-2022).
Information relating to the typical habitat (or substrate)
given for each species is taken from Martin and Alexopoulos
(1969). Details about the collection sites and comments on the
distribution and ecology of each species is also provided in
the list.

Badhamia melanospora Speg. (Fig. 2a)

Substrate
Dead stems of Yucca and cacti, also occasionally on bark.

Specimens

Six specimens (including 34 448, 34452 and 34 476)
recorded from Sites 1, 2, 6 and 8. These specimens were
associated with H. martinii and O. tomentosa.

Comments

The association of B. melanospora with cacti and other
succulent plants is well documented. This species was
reported to be the most common myxomycete in the Sonoran
Desert of the southwestern United States (Blackwell
and Gilbertson 1980), in arid and semi-arid areas of the
Tehuacan-Cuicatlan Valley Biosphere Reserve in Mexico
(Estrada-Torres et al. 2009), and the Monte Desert of
Argentina (Lado et al. 2011). Although typically associated
with various species of cacti, B. melanospora also frequently
occurs on other succulent plants such as Agave, Yucca and
Puya (Lado et al. 2013). Puya is a succulent bromeliad that
is widespread in the Andes Mountains in western South
America. However, B. melanospora is not considered to be a
‘true’ succulenticolous myxomycete because it also occurs
on other non-succulent substrates, including dung (Blackwell
and Gilbertson 1980). The species appears to have a limited
distribution in Australia, with only two previous records
(Stephenson 2021). It should be noted that in earlier
taxonomic treatments, this species is listed as B. gracilis.

Didymium anellus Morgan

Substrate
Dead leaves, herbaceous stems and twigs, rarely on wood.

Specimen
One specimen (34451) recorded from Site 8. This
specimen was associated with O. tomentosa.
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Comments

Fig. |. (a) Pasture infested with Harrisia martinii where substrate samples were collected.
(b) Close-up photo showing H. martinii with ripe fruit. (c) Single plant of Opuntia stricta at one
site where substrate samples were collected. (d) Two large O. tomentosa plants where some
substrate samples were collected. This species was the primary source of substrates for this
study. (e) Opuntia pads showing evidence of being eaten by the cactus moth (Cactoblastis
cactorum). The larva of this moth was responsible for killing many of the pads and other material
used in this study. Note the caterpillar of this moth in the lower left corner of the image.
(f) Close-up of the cactus moth caterpillar. © Todd F. Elliott.

fruiting occurred include only a few succulent plants

Although there are reports of D. anellus from desert  [Puya asreported by Lado et al. (2011)]. It has been reported
habitats (e.g. Lado et al. 2011; Wrigley de Basanta et al.  from scattered localities within Australia (Stephenson
2013; Stephenson et al. 2019), the substrates upon which ~ 2021; Stephenson et al. 2022).
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Fig. 2.

Didymium iridis (Ditmar) Fr.

Substrate
Dead leaves, mosses, twigs and dead wood; occasionally on
old dung of herbivores.

Specimen
One (34497) specimen recorded from Site 1. This
specimen was associated with O. tomentosa.

Comments

Didymium iridis, like the preceding species, has been
reported from surveys of deserts (e.g. Estrada-Torres et al.
2009; Wrigley de Basanta et al. 2013; Stephenson et al.
2019) but most of the substrates on which it occurred were
derived from non-succulent plants. The species has been
reported from a range of habitats in Australia (White et al.
2020; Stephenson 2021).

Didymium ochroideum G. Lister

Substrate
Dead leaves and herbaceous stems, mosses and dung of
herbivores.

Examples of myxomycetes we found associated with cacti in Australia. (a) Badhamia
melanospora © Yuri Novozhilov. (b) Licea succulenticola © Alison Pollack. (c) Perichaena depressa
© Alison Pollack. (d) Physarum compressum © Alison Pollack.

Specimen
One specimen (34449) recorded from Site 5. This
specimen was associated with O. tomentosa.

Comments

Estrada-Torres et al. (2009) recorded this species on dead
cacti, while Wrigley de Basanta et al. (2013) reported it on the
litter of Agave and Euphorbia, both of which are succulent
plants. However, there appear to be few records of this
relatively uncommon species from deserts, and there is no
indication that it has any affinity for succulent plants.
Didymium ochroideum appears to have a limited distribu-
tion within Australia, with only three previous reports
(Stephenson 2021).

Didymium squamulosum (Alb. & Schwein.)
Fr. & Palmquist

Substrate
Dead plant remains of all sorts and on herbivore dung.

Specimens
One specimen (34 546) from Site 9. This specimen was
associated with O. stricta.
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Comments

There are a number of reports of D. squamulosum on dead
portions of succulent plants (e.g. Estrada-Torres et al. 2009;
Lado et al. 2011, 2019), but this species also commonly
occurs on non-succulent substrates (e.g. Lado et al. 2013) in
desert habitats. Its distribution within Australia is scattered
but widespread (Stephenson 2021).

Licea succulenticola Mosquera, Lado, Estrada &
Beltran-Tej. (Fig. 2b)

Substrate

Decaying succulent plant parts from species of Agave,
Euphorbia and Opuntia along with the stems of plants such
as Yucca.

Specimens

Seven specimens (including 34 487 and 34 521) recorded
from Sites 1, 7 and 8. These specimens were associated with
H. martinii and O. tomentosa.

Comments

Licea succulenticola was described as new to science by
Mosquera et al. (2003) based on material collected on the
Canary Islands. It has since been reported from a number of
other desert localities where it is often abundant, including
Mexico (Estarda-Toress et al. 2009), Argentina (Lado et al.
2011) and Peru (Lado et al. 2019). Although the most
common substrates for this species are dead portions of
succulent plants, it also occurs on bark, as was the case for
the first report from mainland Africa (Stephenson et al.
2019). Licea succulenticola was first reported from Australia
by Stephenson et al. (2020), where it was collected from
the dead outer bark of Eucalypus coolabah. Interestingly,
four of the seven specimens recorded in the present study
were all collected at the same site (Site 8, located near the
town of Thallon in Queensland).

Perichaena depressa Lib. (Fig. 2c)

Substrate
Dead bark and wood, occasionally also on leaves and other
plant debris, and on herbivore dung.

Specimens

Seven specimens (including 34 528 and 34 530) recorded
from Sites 5, 7, 8 and 9. These specimens were associated with
O. stricta and O. tomentosa.

Comments

The occurrence of P. depressa on dead portions of succulent
plants has been reported in several studies (Estrada-Torres
et al. 2009; Lado et al. 2011, 2019; Wrigley de Basanta
et al. 2013). However, the species has been recorded from a
wide range of substrates and does not appear to have a
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preference for succulent substrates. The species is widely
distributed in Australia (Stephenson 2021; Stephenson
et al. 2022).

Perichaena luteola (Kowalski) Gilert

Substrate
Indicated as cow dung in the original description but since
reported from dead portions of succulent plants.

Specimens
Two specimens (34 547 and 34 639) recorded from Sites 5
and 6. This specimen was associated with O. tomentosa.

Comments

This species was originally described as Calonema luteolum
by Kowalski (1969) from material collected on cow dung.
Gilert (1995) moved the species to the genus Perichaena
based on features of the capillitium. Estrada-Torres et al.
(2009) found it to be relatively common on dead Opuntia, and
Wrigley de Basanta et al. (2013) recorded the species from
an Opuntia sp. in Madagascar. In the original description,
Kowalski gave the spore size as 12-13 pm, but Estrada-Torres
et al. (2009) indicated that spores were 10-12.5 pm in their
specimens. This was also the size in the collection recorded
in the present study. Perichaena luteola is a new record for
Australia.

Physarum compressum Alb. & Schwein. (Fig. 2d)

Substrate
Dead leaves and other plant debris.

Specimens

Twenty specimens (including 34 454, 34 458 and 34 465)
recorded from Sites 1, 3, 5, 6 and 8. These specimens were
associated with H. martinii and O. tomentosa.

Comments

Estrada-Torres et al. (2009), Lado et al. (2011) and Lado
et al. (2013) reported P. compressum from dead portions of
succulents, but in these and other studies (e.g. Stephenson
et al. 2019), this species also has been commonly associated
with non-succulent substrates. Its distribution within Australia
is scattered but widespread (Stephenson 2021; Stephenson
et al. 2022).

Physarum leucophaeum Fr. & Palmquist

Substrate
Dead wood and leaves.

Specimens
One specimen (34 466) recorded from Site 6. This
specimen was associated with O. tomentosa.
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Comments

Blackwell and Gilbertson (1980) recorded P. leucophaeum
from cacti, but specimens of this species were associated with
non-succulent substrates in other surveys that included at
least some desert areas (e.g. Lado et al. 2013; Wrigley de
Basanta et al. 2013; Stephenson et al. 2019). Its distribution
within Australia is scattered but widespread (Stephenson
2021).

Physarum pusillum (Berk. and M.A. Curtis) G. Lister

Substrate
Dead leaves and herbaceous litter, often on compost.

Specimens
Two specimens (34 470 and 34 473) recorded from Sites 6
and 8. This species was associated with O. tomentosa.

Comments

Several studies (e.g. Estrada-Torres et al. 2009; Lado et al.
2011; Stephenson et al. 2019) have recorded P. pusillum on
dead portions of succulent plants; in others (e.g. Lado et al.
2013; Wrigley de Basanta et al. 2013) this species occurred
only on non-succulent substrates. The species is widely
distributed in Australia (Stephenson 2021).

Stemonitis flavogenita E. Jahn

Substrate
Dead wood and plant debris.

Specimens

Two specimens (34 527 and 34 536) recorded from Sites 5
and 9. These specimens were associated with O. stricta and
O. tomentosa.

Comments

Wrigley de Basanta et al. (2013) recorded S. flavogenita on
the litter of Agave and Aloe, both of which are succulents.
However, there appear to be no other reports of this species
from succulent plants. Its distribution within Australia is
scattered but widespread (Stephenson 2021; Stephenson
et al. 2022).

Discussion

The data obtained in the present study suggest that the species
richness of myxomycetes associated with cacti in Australia is
somewhat lower than reported for other regions of the world
(Blackwell and Gilbertson 1980). However, our study covers a
smaller geographic area to which cacti are not native, and we
did not have teams of three or more investigators (as was
the case in the following studies: Lado et al. 2007a, 2019;
Estrada-Torres et al. 2009; Wrigley de Basanta et al. 2013;
Stephenson et al. 2019).

All species recorded in the present study have been reported
from succulent plant substrates in other regions of the world,
but most of these species can also be associated with other non-
succulent substrates. The only exception is L. succulenticola,
which is a ‘true’ succulenticolous myxomycete, although
P. compressum and especially B. melanospora are also
commonly associated with succulent plants in deserts. For all
other species reported herein, the association with succulents
appears to be incidental.

The occurrence data we obtained were derived solely from
moist chamber cultures, and it is possible that a field survey
could increase the number of myxomycete species recorded.
Some species of myxomycetes do not necessarily appear in
moist chamber cultures (Martin and Alexopoulos 1969;
Stephenson and Stempen 1994). Our study indicates that
succulenticolous myxomycetes are poorly represented in
Australia. This may be due to the low diversity of native
succulent plants. However, more extensive survey efforts
that include more populations of cacti and encompass a larger
geographic area may uncover other regions of Australia where
succulenticolous myxomycetes are present and/or more
abundant and diverse (Stephenson 2021).
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