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Abstract

The dictyostelids (also called cellular slime molds or social amoebae) are among the more
abundant and widespread groupsméroorganisms in terrestrial ecosystems. Despite this fact, they
are totally unknown to most people, who sometimes confuse the dictyostelids with myxomycetes (or
plasmodial slime molds). The first dictyosteliDi¢tyostelium mucoroidg@svas described by the
German Oskar Brefeld in 1869. More than 180 species are now known, and these organisms have
been recorded from the high arctic to the subantarctic. The primary microhabitat for dictyostelids is
the soil/lhumus layer on a forest flobwyt they also occur in a number of other microhabitats. The
purpose of this paper is to provide a comprehensive overview of dictyostelids, including their
occurrence, distribution, relationships with other organisms, methods used for isolation, history of
their study, and classification. The assemblages of species associated with each major type of
ecosystem (tropical forest, temperate forest, boreal forest, tundra, grassland, savanna, and desert) are
described. In addition, the compounds produced by akt&yids and their possible applications are
discussed.
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INTRODUCTION

The dictyostelids (also called cellular slime molds or social amoebae) are among the more
abundant and widespread groups of microorganisms. Despite this fact, they are totally unknown to
most people. However, it is now known that dictyostelids play aariéicological role in nature as
well as serving as important model organisms for laboratory studies of cell development and
evolution. In addition, the genome of dictyostelids appears to contain genes involving bioactive
compounds, including those withgmible antibacterial and anticancer properties. However, the latter
have yet to be thoroughly investigated.

The purpose of this paper is to provide a comprehensive overview of dictyogkedjdd),
including such basic aspect as their biology and life cycle, their distribution in nature, and what is
involved in collecting and studying these organisms. In addition, information is provided on the
history of the study of dictyostelids, their classafion, biochemistry, relationships with other
organisms, and potential role as a potential source for useful compounds. Studies carried out in each
of the major types of terrestrial ecosystems are reviewed to indicate what is known about dictyostelid
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biogeography. The references section of the paper includes most of the relevant information that has
been published on these organisms since the first species was described in 1869.
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F i g uir Goncéptual diagram illustrating the comprehensive overview of dictyostelids.

1. Introduction to dictyostelids and history of the people who have studied the group

Dictyostelids were first described by the German Julius Oskar Brefeld in 18624Figrefeld
(usually known as Oskar Brefeld) studied pharmacki@ndelberg and Berlin but then shifted his
attention to botany and mycology. He went on to work with the mycologist Anton de Bary at the
University of Halle a pioneering figure in myxomycete research who established foundational
concepts of plasmodial behavior and life cycle dynamics in slime molds (de Bary 1859, 1864). While
studying the microfungi associated with horse dung, Brefeld observed somethingdlila¢ lsame
general form of a microfungus but differed in a number of important respects. Later, he was able to
characterize and then formally describe this new speci@gg®stelium mucoroidgBrefeld 1869)
The specific epithet reflects its resemblance to members of the microfungushyscargRaper
1984) while the generic nan@ictyosteliumwas derived from the terndictio( meani ng fAnet
steium( ref erring to Atowero), with both of these
Brefeld considered to be the stalk of this new species. Brefeld described the life cycle of this new
organism but mistakenly thought that the amoebae thatsepesl the feeding stage fused together
to form a plasmodium similar to that found in the myxomycéBzsiner 2010) His mistake was
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corrected by the French mycologist Philippe Edouard Léon Van Tieghem in a paper the latter
published in 1880.

Later,Brefeld (1884)went on to describe another new genus and species of dictyostelid. This
new species Rolysphondylium violaceumhad branched fruiting bodies. LikBictyostelium
mucoroidesP. violaceumwas first isolated from horse duifigagiwara 1989)The generic name
Polysphondyliunwas derived from the terni®oly ( me ani n g fsphamdyiwnthe &reet
word for Avertebraeo and referring to the reg
axis of the fruiting body). The specific epithet was based on the violet color of the sori. The
myxomycete genuBrefeldiag which produces the largest fruiting bodies known for this group of
organisms, was named in honor of Brefeld, as Biasy/ostelium brefeldianum

Early efforts to isolate dictyostelids from soil used a number of methods\v@gTieghem
1880 Raper& Thom 1932 Raper 1951) and these yielded additional records from scattered
localities in Europe, eastern North America, and other widely separated regions of the world. Some
of the dictyostelids isolated were new to science, so the total number of species known gradually
increased as time went on.

In 1902, Edgar W. Olive, a student of Roland Thaxter at Harvard University, published a paper
in which all of the species of dictyostelids then known to science were described. This paper was the
product of the work Olive had carried out for his Ph(Dlive 1902) and he made no further
contributions to the study of dictyostelids.

Kenneth (Big2BRaperborn in western North Caro
University of North Carolina as an undergradu
George Washington University in 1931 and his
accepted a faculty position at the University

for the rest of his |ife. Raperoés first signi:
when he was wor ki ng ies tThheo rm aabtortalte ryi wifsiDan
the United States Department of Agriculture.
of western North Carolina, Raper collected a
Thomdst é¢ @aPpaopear MWh&h) placed into | aboratory cu
of a new species of dDicatyyocsdted O odiuy chieluhms ¢ m ehlwve s
ultimately turned out to be the most compl ete
Raperdés work with the dictyostelids ulti m
comprehensive treatment oTfh et hei cg(yRoasptee IWdnds8 4 )b
written by Raper with the collaboration of An
still remains the primary s o When&he Dittyodietidsvasc i n f

published in 1984, 42 species and five varieties were recognized. At the time the present paper was
written, these numbers had increased to 164 species and five varieties. The dictyostelid genus
Raperosteliunwas named in honor of Raper.

Prior the T&hphpeBrangastdloikddEyndettdamath ner i tten

Lindsay S. Olive with the techni cal( QGisisvies tladn7c!
This book included a section on dictyostel i ds
i sol ati on, mai ntenance, l'ife cycl e, and struc
nineteen different species.

John T.(Fdd2Chnsvmaborn in 1920 in New York Cit
Academy, a university preparatory school i n N
M. A. in 1942 from Harvard University. His car
the United States Army Air Forces, but he was
1947. That same year Bonner joined the facul t:
but wulti mat elhye tGeobgendMmedof f ettt Professor of
faculty of the Department of Biology, serving
active teaching and carrying out rceasreeaerrc, h Bfoonrr
wor Kk wi t h dictydstcelyiods el iessmegdieaicloy decuonmt r i b
understanding of microbial |l ife in geneDb.al an
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di scowdeema major factor in this dictyosteld]
studies of the futha@aaeméntcoimmunpeatts ooff célelmot

mol ecul ar and cell ul ar processes that must ha
the multicellular condition in the evolutiona

The argument could be made that Bonner 6s mo
was represented by his writing. He was the au

mor phogenesis, evolution,l idrd tAmo nmaThtiesr $bsocadas
Amoeb8B8enneyrThleds®e)l | ul afBdSAneve &M@ d)Soci al Amo e |

Bi ol ogy of Cel(IBwlnaare rBBd2i0me>) Mwd d san unusually e
and his books are readily understood by even
or no direct economic value, dictyostelids ai
partiautmatyi ve name for any organi sm. Nevert
direct attention towards the dictyostelids.
One of Kenneth Rapero6és graduate students &
Cave(fged) .avender was born in Spring Valley, N
Schenectady, New York, for his undergraduate

Wi sconsin to work with Raper and HieRh®.ireseadh hi s
centered on the development of a quantitative isolation method for dictyostelids and the use of this
method to examine their distribution in nature. Only after a quantitative isolation method that could
be replicated in different Iaband/or by different individuals became available would carrying out
more intensive studies of the ecological distribution and biogeography of dictyostelids be possible.
As will be described more fully in another section of this paper, a method fittengetbcription was
described by Cavender and Rafi@éavende® Raper 1965axnd soon began to be referred to as the
AfCavender methodo for i sol at i n-doc Caventleyvasdnthé i d s
faculty at Wabash College i€r awf or dsvi |l | e, | befdre enovimg to Oloor fi
University in Athens, Ohioyhere he spent the rest of his academic career. The most amazing thing
about Cavenderisthatherise sponsi bl e for describing, either
mor e c olaa& hoofr st he species of di adtg bdthetdietyostalidc n o w
genusCavenderiavas named in honor of Cavender.

Cavender himself soon embarked upon a serie
t hdeeci duous forests dfCatvheen deeas t&e rRm plbmriotieddd 5Dty aet
of the world such as trop( CavV e mkhap es&, blt & 608pXd xea
(Cavender EBR%GCmfvreindaer Er%SG K )aCanddaSdwt7riRg ast
(Cavender 197A6G&kbBOTéd)t LO78put he(ravAgmdadrach9
| ndiCav enldaekrh a8n pal anldl @B8GBapyeankdaewab&e. 1BRBO3 e survey
expanded what was known about the distribut.i
However, there were stildl regions where | itt
Cavender coll aborawveduail shosneveralkyst her idmnadi
Great Smoky Moun(hbandoNaotd&ewalZeBR&a®w&mder , et a
Aust (Abindolt ,etPatlada2h@k8) et MakCa@é6nder ,et a |

Madagéd€aaender et al . 201,6,So02u0t2plC & VReenrdrairg oete ta
and Th(aMaldaen d eTth eassle. s210rlv&)ys yi el ded an apprec
dictyostelids, especially from the Southern H
oHeteroséewl|liaomscience.

Three of the individuals most involved in t
of this paper, John Landolt, a biologist at S
a biologist in Buenos Aarmteisst Aamgeéndne aaf Vaawedn
student s, was | argely responsible for produc
referred to above. However, a number of ot he
surveys, ama |WrdiignlgeyDide Basant a, Kat herine Wi
Carl os Lado, and Adam Rollins.
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First described
1869

Oskar Brefeld

Oskar Brefeld

Characterize and (@Smithsonian
Oskar Brefeld formally describe new species Institution
Describe new genus and species| | as Dictyostelium mucoroides Archives) (A)

Polysphondylium violaceum| | (1869)

(1884)
Edgar W. Olive described all
of the species of dictyostelids then
known to science (1902)

- - Kenneth B. Raper collected
Lindsay S. Olivea samples of decaying leaves and
wrote a book entitied The yielded a new species Dictyostelium

Mycetozoans discoideum (1933)
1957

Kenneth B. Raper
(@courtesy of the
Department of

A\ Bacteriology,

¥l University of

¥ Wisconsin,

dictyostelids from Southeast Asia (1976)

- Madison) (B)
John T. Bonner wrote a book entitled
The Social Amoebae (1959)
James C. Cavender James C. Cavender
surveyed dictyostelids from “Cavender method” for isolating ':
Wisconsin and eastern United dictyostelids (1965a)
States (1965b, 1965¢ 1 Johin T.Bonner
1 (@Princeton
John T. Bonner wrote a book entitled + University, Denise
The Cellular Slime Molds (1967) : Applewhite) (C)
James C. Cavender surveyed dictyostelids from 4
tropical and subtropical South America (1968) 1
Aiies Gl Cavender MJames C. Cavender surveyed ’ _:
surveyed dictyostelids from East dictyostelids from Europe (1969a) 1
Africa (1969b) [James C. Cavender surveyed Ll
dictyostelids from Eastern Canada (1972) James C.
Cavender
Hiromitsu Hagiwara published papers about the r (@Jeannine
dictyostelids in New Gui and Sol Islands (1973a) 1 Cavender-Bares)
1
James C. Cavender surveyed | = | (D)

Hiromitsu Hagiwara published papers about
the dictyostelids in East Africa (1976a)
James C. Cavender surveyed

dictyostelids from Alaska (1978)

mes C. Cavender surveyed dictyostelids from
Appalachians (1980)

Hiromitsu Hagiwara published papers about
the dictyostelids in Nepal (1982, 1983)
Bai Ronglin reported 5 new
recorded species in China (1983)
Kenneth B. Raper published the first truly
comprehensive book entitled The Dictyostelids (1984)
Hiromitsu Hagiwara published papers about
the dictyostelids in Taiwan (1985, 1992)
Mames C. Cavender surveyed
dictyostelids from India (1986)
mames C. Cavender surveyed
dictyostelids from Japan (1989)
Hiromitsu Hagiwara published book entitled

The Ta ic Study of Jag Dictyostelid
Cellular Slime Molds (1989)
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studied this group si@Geman 1868, Abbtedi S8t abps;
China.

With the exception of New Zeal and, where fu
Society, the surveys mentioned above were car
Nati onal Science Foundation foft htetherlnietcad (®tn
Biodiversity of Eumycetozoanso) was to obtain
eumycetdtpzoamstel oid amoebae and myxomycetes a
of t-pei coi pal oinnvéet iggatndr £« hat supported the
the projectunpaecedoppoweddanty to carry out sur Vv«
were understudied for all three groups of org
as reflected in the publications on d

Beginning in 1971, well before the GIobal E
Hagiawa(rge) Jawpan published a series of papers t
di stribution and occurrence of dictyostelids
(Hagi war,a N&Ow 6 @&lHiageée avar,a NePpralg) war a 1982, wa A ¢
(Hagiwara et ,alandl198&®%, Sb®@iawa rl s HadIa)r a was

Il ctyoste
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in 1945, and he obt
i ted with the Dep

Gunma Prefecture in Jap
a i a
ntl icdosn twaisbhhtii sbalx a ool m

Af terwards, he became
Tokyo. Hi s most signifi

Study of Japanese Dictydagelwiad aCalold dlearb oDlki, m
revi ewed previous studies of the group in Jap:
and provided keys and descriptions of the spe
he had describedhi $hbodkawregmeticul ous and e
il lustrating morphol ogical features of dictyo
towards the organization of the cehdsamakiheght
Hagi wara also classified dictyosttyeplei,d vdi gog reaecgeau
mi n u-t v me , and -tnmipcer oapongmwi th recognizing th
sorocarps as solitary,or grme ker.i oHiasgi walruas tvea s d

describing more than twent W Wradicit yo)sniaesh iisdpselca neds
to science. Thieagiwamasaamed genbsnor of Hagi
n China research on dicoinyoctueldi ¢3 nlceg drmh ein

| ,
Liu &O0Li2)The country, and especially Jilin Ag
centers for studies of dictyostelid ecology a
there9wpeei &s and one variety recorded from C
were reported in(BBagidwarsa,tletr Rale,d 2Z@BDBLE L i 20
Zhao et,Lab.e20all ,.ZQW 1&8tc ,alDU1ID@2pn2 )t hAns egRaOndeB )per
i mproved the purified media used to cultivate
fatty acid biomarkers have al so be(eAnLu& e2d0 1i7n)
I n addition to taxon(myy etcdhbggeabRO0dias) DO 31
associated symbuoat,Zbhcocg261 2d&lh.an2g0)eIdavel PRSI
feat(uSSuens et,Amal et 2&baAany0 &, all.t r22a6L8&)uct(urialetc haa
2021)genofméelosi ¢ , alchemDt Q) components and ph
di fferent species of dict(yZdhotue leifWes | heatzeallBe e2n0 :

Il n addition toretbheantbeemehtomnetdher regi on
growing knowledge of dictyostelid diversity
Philippines have emerged as active contributc
phygenetic analysis of dictyostelids from Ami
|l ineages within the group. | n t&Bd amktialviep p i(MéO$
the groundwork for dictyostellddrbygedhomasf &0
Cruz and coll eagues. Their work has document e
Natur al Forest Reserve, integrating ecologica
dela Cruz efaal in201la)Yi vsmiare gradually expa
gaps persist i n parts of South America, Afri
efforts hi ghlight the gl obal interest broadadar
geographical coverage to fully wunderstand the
2. Dictyostelids as organisms
2.Bli ology: soci al attributes

Social interactions take place in dictyostelids whetimes of starvation, individual amoebae
aggregate to form a multicellular mound, containing up to a hundred thousand cells with intuitive
logic and goadirected reciprocity{Schaap et al. 200€hen et al. 2018)he aggregate undergoes
differentiation and morphogenic changes characterized by the formation of stamedtioad
multicellular fruiting bodies which consists of two main cell types. These are (1) spore cells, which
are resistant to temperature extrentessiccation, and digestion, and (2) stalk cells, which form the
ancillary structures supporting the mass of spore cells that is fqtdneshihara et al. 201®u &

Schaap 202Xawabe et al. 2023)
One interesting stage is an intermediary structure, the pseudoplasmodium or slug. During this
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stage, the multicellular aggregate migrates towards the soil surface in nature, responding to light and
heat stimuli in order to locate more favorable locations before ultimately differentiating into a fruiting
body. This response to starvation is refen@és development, and by going through this social,
multicellular phase, the population dramatically increases its chances of surviving unfavourable
environmental conditiondaper 1984)Iinterestingly, the slug of the model organiBigytostelium
discoideumhas some cells, known as sentinel cells, which have detoxification and irfikeine
functions(Chen et al. 200Brock et al. 2016)They can remove bacterial pathogémgrotect the
presumptive spore population from harm.

Aggregative multicellularity is exemplified by the wsludied development of dictyostelid
social amoebae. For exampl®, discoideunis interesting to students of social and evolutionary
biology as well as talevelopmental biologist§Kjellin et al. 2021) Dicytostelium discoideum
propagates asunicellular organism but aggregates upon starvation and forms fruiting bodies with
viable spores and dead stalk céisu et al. 2021)Aggregative development exposes dictyostelids
to the perils of chimerism, including cheating, which raises questions about how the victims survive
in nature and how social cooperation pergBenabentos et al. 2008ome aggregation cells (20%)
form stalk cells and do not reproduce, and the remaining aggregation cells (80%) develop into spores
with reproductive potentia{Fets et al. 2010)Aggregation cells irD. discoideumaltruistically
sacrifice their own reproduction in order to aid the success of the cells that becaperdse From
an evolutionary point of view, this is apparently built upon a foundation of-agt@cted altruism
embodiment in pratalk cells(Kaushik et al. 2006)

Unlike most superorganismal societies such as the social ifgémtseleerg Ratnieks 2006
Ratnieks& Wenseleers 2008nulticellular organisms like the dictyostelids are clonal and all cells
are derived from a single progenitor cellooperation is central to many major transitions in
evolution, butD. discoideuniikely evolved strategies for competing in chimeras in nature, and the
function of some developmental genes are competitive because different clones comrooolyr co
on a very small scal@-ortunato et al. 20035t udi es have found that ma
facultatively growing in a mixed population, producing more than their fair share of spores in
chimaeras and do not contribute their strength to the collective, although cooperating normally when
clonal (Strassmann et al. 200Gilbert et al. 200/Santorelli et al. 2008)

2.BR ology: Agriculture activities

Agriculture (Cohen 2009)in terms of eukaryotes represents an important evolutionary
transitional mechanism and is a hotly contested iddisroorganisms are surprisingly like animals
in having sophisticated behaviors such as cooperation, communication, and recognition, as well as
many kinds of symbioses. Previously, the perception wasrtla@dition to humans, true agriculture
was thought to be restricted to social insects such as termites and ambrosianbeetheactice
A f u Af gaur sm{MarglasJuarez et al. 201&chultz et al. 2015h whichthey display a wide range
of ecological roles depending on their feeding and nesting heloitgever, the study of agricultural
evolution has expanded tioe social amoebg&aguso 2013)

In nature Brock et al.(2011) showed that up to a third of wild. discoideun{ i f ar mer st r
clonesare surprisingly like fungugrowing ants in having sophisticated primitive farming symbiosis
behavior that involves carrying bacteria both intracellularly and extracellularly in their fruiting bodies
to establish new food cropshile also involving dispersal and prudent harvesting of the (@ayck
et al. 2011Brock 2011) In addition,Brock et al(2013)also found thatarmercarriedBurkholderia
inhibited the growth of noffarmer D. discoideumclones that could exploit the farmers' crops,
suggesting that successful farming is a complex evolutionary adaptation because it requires additional
strategies, such as recruiting third parties, to effectively defend and privatize crops.

2.3 fe cycle of dictyostelids

Dictyostelids constitute a prominent and diverse group ofdsedlling microbes, representing
an early evolutionary stage of genetically distinct organisms that exhibit a remarkable feature of
aggregative multicellularit¢Parfrey& Lahr 2013Kin & Schaap 2021 Among thempDictyostelium
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discoideumand other dictyostelid slime molds are renowned for their intricate life cycle,
characterized by alternating phases of aggregation and multicellular develdRoemralo et al.

2010b) This cycle commences with the majority of dictyostelids existing as independent, amoeboid
cells known as myxamoebae, which subsist on bacteria, proliferate through binary fission, and
multiply. However, when the food supply within their immediate enviremmdwindles, a
remarkable transformation occurs: numerous myxamoebae coalesce to form a cohesive multicellular
entity known as the pseudoplasmodium. Within this structure, each cell retains its individual identity
while collectively contributing to theofmation of one or more fruiting bodies, or sorocarps, that
harbor asexual spores. Should conditions be conducive, these spores will germinate, giving rise to
fresh myxamoebae, thereby initiating a new cycle of(fehmeyer 2019)

2.3.1Asexualllife cycle

Dictyostelids have a unique asexual life history involving social behavior and division of labor.
Spaes (Fig 3H) are produced in a viscous spore mass (spherical sorus) at the top of the sorocarp
(Kaushik et al. 2006Fets et al. 2010)The sporesgerminate under suitable conditions after
maturation (Fig3A), and release amoeboid cefismy x amoebae o6 or3BYilatheebae
vegetative pdion of the cycle, dictyostelids (acting like animals) proliferate as unicellular
myxamoebae and produce aetich pseudopodguo et al. 2013hat sense, move, and feed as long
as enough of thebracterial food or other microorganisms is availdBRemeralo et al. 20138oyer
2023) Myxamoebae rely on chemotaxis to respond to the folic acid secreted by bacteria to track, kill,
phagocytose and absorb them within their célsnghezal et al. 2006 osson& Lima 2014)
However, upon depletion of available food, numerous sioglled starving amoebae aggregate by
the thousands, using the signaling molecuigdic adenosine monophosphate (CAM®)egulate a
diverse array of multicellular procesg&haap 2011)With an increase of hunger and acceleration
of the aggregation rate, the formation of pseudopods also inc(€aseet al. 2013)

At this point, the obvious cell flow that created the mound of cells elongates, founaigre
cal |l ed fagg.B@®.dPaopagatng sAMP Wavasmgse the cells to move upward, and the
central portion will form an upwardrowing fingerlike protuberance (Fig3D). At this stage, the
protuberance is gradually pulled out, aerially projecting as a multicellular structure referred to as a
Apseudopl as.BO)d i wrmof IFU @@, 0 wAexopodas& Rlackwell 96 | n
Schaap 2021)The ratio of prespore to prestatklls stabilizes at about 80:20, regardless of the
absolute number of cells in the aggregatiBhaulsky& Kessin 2007)Pseudoplasmodia have the
ability to migratewith stalks in some species, but other species do not migrate with stalks. After it
undergoes a short period of movement, a small
and pulled up (Fig3F), finally give rise to 12 mm high fruiting bodies (sorocarps) (F8§5) (Raper
1984 Hagiwara 1989Liu et al. 2019c)

The stalks and branches of sorocarps differentiate from the prestalk cells, which form the
ancillary structures supporting the spore mass, while the sorus of the sorocarp is differentiated from
prespore cells, which are resistant to temperature extremes, desiccation, and d\yesjgoret al.

1984 Gomer& Firtel 1987 Fets et al. 2010)Vith the formation of stalks and branches, the prespore
cells move from the sorogens to the top of the stHfiey differentiate, reaching the top, into the

sorus that contains the fertile spores. The sorus is composed of mucus and spores; the latter are
spherical or lemoishaped, mostly white, but some species are purple, red and golden yellow or
creamcolored(Raper 1984Hagiwara 1989Sheikh et al. 2018)Once formed, dictyostelid spores

are covered by a protective barrier, the spore edaigh is assembled from secreted proteins and
cellulose(West 2003) The sorocarps are somewhat microfuniikis, no longer move on thagar
plateswhen matureandthe apoptotic cells in the stalk form a cell W&haulsky& Kessin 2007Li

et al. 2010)In addition to this multicellular mode of asexual reproductiactyostelid amoebae also

can reproduce asexually by fissigRaper 1984)
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Figure 31 Life cycle of the model organisictyostelium discoideum

2.3.2SexuallLife cycle

In addition to the multicellular sorocarpic and vegetative cycles described above, agebeual
and an encystation cycleave also been observed in many spedstyostelid zygotes do not
proliferate but grow to a large size by feeding on other cells of the same species, with each zygote
ultimately forming a walled structure called a macrogigaper 1984)The sexual phase in social
amoebae has a number of striking features. Some species are also known to form macrocysts under
specific environmental conditionsuch as darkness, low temperature, moisture, and low phosphate,
initiated by chemical signals (pher omdRages, Ca
1984 Schilde & Schaap 2013Bloomfield 2018) The macr ocy st remains p
compared to the multicellular fruiting body,
cul mination of the sexual Althgughlmacroaystslwee probaldyi st &
present in the lastommon ancestor of dictyostelids, there are many species for which this stage has
yetto be observe(Kessin 2001Romeralo et al. 2012)

The macrocyst resting stage begins with acquisition of fusion competence cells (gamete
formation) as theulmination of the sexual cyc(laskovics& Raper 1957)They are formed from
single dictyostelid amoebae (F@) which enter a resting stadake the asexual multicellular cycle,
interestingly macrocysts also may require environmental factors for induction, particularly darkness
(Hirschy & Raper 1964)excess watefWeinkauff & Filosa 1965) and ethylendAmagai 1984)
Once formed, the zygotes attract surrounding myxamebae to form small aggregations that secrete a
protecting sheath around each collective group of cells. The zygote progressively increases in size by
engulfing and digesting the other cells, hencethmted i pl oi d cel | , .Bhbénded a
attracts surrounding haploid cells (FBK) by secreting cAMP. A cellulose walFig. 3L) is then
secreted, inside of which the macrocyst matures. (B\). Division of the giant cell before
germinationreconstitutes uninucleate celldhe diploid macrocyst nucleus undergoes meiosis, after
which a single meiotic product survives to restart haploid vegetative growth.

2.4Morphology

I n the first iIintstaiigdbe gnah& Pad | wigtilc att hes desc
first speci esDicft yastcelyiolsmé mudOosrkaa{rBeBif efl.el dl 8
Dictyostelilmad mueeor ok dewn as early as 1863, b
mi st alRén zloprus ( Rapgercd®dm&4 )second Imlcysypnlsdxvradtyldlm
established in 1884 byoBryeasfpdlod dwil (i Burme fivelod Aale&al
thirdCopembaivas described in 1884 but has not
dictyov¥arl|l Tideghdm 1884 )cl assic morphological ¢

431



genBPratyofoelyispmpnd&peinuveir&a pl aced in the fam
(Raper. 1Mmdt)her family (the Acytosteliaceae)
Acytodgtevlaisumirst lReaferRames6 & Qu.i nBoatnh 1f9abnBi)l i
assigned to the (Rnper. DMHEdUYyOsd e amespghoaldo @y
dictyostelids have used the faRapgrRaB8dETh)us
summari zed those studies carried out prior
monogTle hDi ct y8ebsebkgdently, Hagi wara descri be:
summari zed these i nt(lHagrnevap alslilio@®t)itdreni, n r% &
over the world have published a | arge number

Morphological studies

o Described the first dictyostelid species Dictyosteliummucoroide? : ;
o @ | (Brefeld 1869)
2 1869
S % Polysphondyliumestablishedand with the species Polysphondylium violaceum
0\ 5 ® { (Brefeld 1884)
A - 1884
g £ _ Coenoniadescribed buthas not reported sincethen .
L 4 1(Van Tiegher
5 » 1884
[ é Acytosteliumwas first reported
@ ® { (Raper 1956; Raper and Quinlan 1958)
% 1956
-Summarized 37spectesmorpho|ogy”‘ o
9\ 1984 '
§ Described 33 species of genus Dictyostelium and Polysphondylium
® {(H 9)
& 1989
Researchers from all over the world
published new species .......
FigdiAa ti mel imgholfodiheal studies on dictyoste
achieved.
Dictyostelids occur in a divéBwanapopnalitotlt
[L,CavOrrder et Thése 20dRdani sms have a rich
Il l'y described by Il ab culturing me{Ra@gsr an

yielded considerable data and about 200
ng etamd .i t20i28a)d)i kely that
p:// www.indexfungorum. or g/

numer ous addi

a

a

Hlagi war.a Slur8e)ys for dictyostelids carried
e

a

t names/ Names. asp

2.4.1Morphology: macroscopic morphology
I n a primprgtesobbhseopwmwati ons are made wunder

to note the | ocation of each early aggregatir
| ocations on the |lid of the PRatgkgdsSidn fsdcylciTiee m
including the growth habit, branching pattern
and size of the sorus, the size and mor phol

pseudopl asmodi a al sroelaerveannotsad.ucAfutrerl wafredast,ur ¢
measurements can be taken and recorded.
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Figure 57 Macroscopic features used in the identification of dictyost¢R#gper 1984Hagiwara
1989)

2.4.2Morphology: microscopic morphology

For identification of a ddiecvteyloospteed iadn,d ocnoempsl!|
ruiting body) from a culture while working
a slide with a drop dof tshteenr isleea | wmattheeo sl caotptve
phaolad g Bdgt6p gtene | i f e cfyecdteur a sncswoedh nags t he sh
sence or absence of spore granul es, t hick
r act earnids twii eda rho pohfo rteh et i ps caannd bseo roobpsheorrvee db aas
the sl iadieghtymiusi mgc o paen dwiltOh, a4 01,0 [a nodc ull Gaorl
otographs ovan hbea ohotla@oirnemi croscope camer a,
ecimen identification file.

Qv D =

3. Met hods for isolating and culturing dictyost

Because dictyostelids were first identified
However, it soont becampr ampeayehabtthat i s
forest soil s. Dictyostelids are not rest
(Agni hot hStudph ePbwGou KU @MO0dDI( Smidt s 0& | KRe |l |
& Stephensde(sEdmMtsdgn & Mahaneyb@O&veahpamelld
tundCavends8refab&B8son et al . 1997)

Species of dictyostelid are recognized primarily by the shape, size, color, and (when branches
are present) the branching pattern of their sorocarps (bearéng structures)Raper 1984) At
present, almost 200 species of dictyostelids have been formally described. Some species appear to be
cosmopolitan, whereas others have a more restricted distril§Bianson et al. 1999fhe number
of species has been steadily increasing with increased sampling @#artst al. 2022)

Dictyostelids produce microscopic fruiting bodies (in length) and are rarely observed except in
laboratory cultureHowever, since these fascinatsig>-d W e | rhigraorganisms were first isolated

t he

rict
ngs 1
BB8Y i
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in the laboratory, more and more individuals throughout the world have developed a strong interest
in investigating their ecological and geographical distributmanson et al. 199®omeralo et al.

2011k Liu et al. 2020 Cavender et al. 2028s well as their evolutiofChen et al. 201&in &

Schaap 2021)rhis is possible because of the ease with which dictyostelgd®s b e ,icdue nttuirfeide
andt hei r char act.dhisiestite process wilhbe described belav, hopefully to attract
more enthusiasts.

Spore shapes

oblong elliptical fusiform spherical reniform sigmoid
Spore granules O Q O
without polar simple consolidated unconsolidated irregular
oooes | T CTIIIITI(T %
impl
simple compound

Sorophore tips

piliform acuminate clavate obutuse capitate
Sorophore
bases
conical round clavate acuminate digitate recurved

Figure 61 Microscopic features used in the identification of dictyostdhtigjiwara 1989Liu & Li
2017)

3.1 Collecting samples

It is important to note that unlike many other protists, dictyostelids are not known to be wind
disperseqCavender 19738onner 2009)However, because of their very small size, they can utilize
the same food resource and occur together in a spatially limited and clearly defined microhabitat,
where the potential for ecological interactions would seem to éxispite of their apparent limited
potential for dispersal, dictyostelids awmsually present and oftesbundant in the soil and litter
microhabitats of all types of terrestrial ecosystefitse process used for collecting samples is
described below

3.1.1Surface soil

The collecting samples of surface soil is usually based on the requirements of the type of
investigation being carried out. If the objective is simply to document biodiversity, samples can be
taken randomly at a general locality or within a particular tffgcosystem, habitat or microhabitat.
For a more quantitative ecological study, the number of samples to be collected, the spacing of the
sites sampled, and the exact method used for collecting samples must be considered. The amount of
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material actually collected in published studies has ranged from approximately 10 to 300 g. Sample
are usually placed in small plastic bags. Each set of samples should be labeled with the date of
collection, vegetation type, elevation, and geographicatime. The samples should be transported
from the field to the laboratory in a cool box to maintain their integrity during transit.

The procedure involved in collecting sample involves moving aside surface litter (typically
consisting of dead leaves), the actual sample is collected from the soil/litter interface zone with a
small spoon, twig, knife, or some other item. Each samplddleuplaced in a plastic bag or other
suitable container that allows the sample to remain moist. Samples can be stored in a refrigerator for
several days (or longer if necessary), but it is best to process them as soon as possible.

3.1.2Canopy soil

Canopy soil, the solike material that develops beneath mats of epiphytes (both bryophytes and
vascular plants) on the branches (and sometimes the trunks) of treégyesof microhabitat for
dictyostelids found in both temperate and tropical rainforests. Canopy soil, which is highly organic,
sometimes often occurs in a thin layer on the top of a branch, and obtaining enough material for a
sample may require collectingaterial from a number of places and then combining it as a single
composite sampl€anopy soil has been collected at heights of more thiad02t above the ground
in tropical forests, but it is sometimes possible to collect samples at a height of no more than a few
meters. The greater the height, the greater the difficulty in obtasaimgles. Researchers have used
a canopy crane, the single rope technique, canopy walkways, and balloons to gain access to heights
of several or many metei®arker & Pinard 2001) with canopy soil collected using identical
procedures to surface soil sampling.

3.1.3Animal dung

Dictyostelids occur on animal dung and were once thought to be primarily coprofRapes
1984) A sample of dung typically consists of small to mediized pellets for small animals. These
are added to a measured amount of distilled water, broken apart, the resulting suspension diluted as
necessary and then plated out. Fquantitativeassessment, the pellets are weighed as the first step
in processing. For larger animals that produce larger masses of dung, a sample consists of a small
amount of material taken from the mass of dung.

3.1.4Cavesoll

One unusual microhabitat for dictyostelids is the-Bkéd material found in caves. Typically,
this is the guano from bats thababit the cave in question, but movement of water can transport
organic matter into caves. Dictyostelids apparently cannot survive in pure, dudrthey can be
relatively common in microsites where there is a strong admixture of other types of material. The
latter include various types of plant debris, other kinds of detritus, and a mineral matrix that can range
from powdery dry dust or graveb tvery wet clay mud. As is the case for samples of soil/lhumus,
samples from caves are stored in sterile pldsigs and returned to the laboratory for processing as
soon as possible after collectigdhandolt et al. 2006b)Very few studies have considered
dictyostelids from caves, so there is much yet to be learned.

3.2Isolation of dictyostelids by laboratory culture

Except under truly exceptional circumstance
field. I nstead, samples of soil catlacseadandann
(e.g. ,twat@rsbdiyl wei ght) to ,wWoboraomhai soi heéavwad er i
pl at ed -rownttroi eenotw agar (such as iwatRet raig adi sohre st
dictyostelids develop on the surface of t he
my xamoedtaewernrd present in the soil and can be
met hod is described in more detail later in t

In the past, many different methods have been used to isolate dictyostelids in the laboratory.
The earliest of these methods was describeRdper& Thom (1932, who took samples of soil or
decaying vegetation and ground these in a clean mortar and then diluting this material (1:10) with
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sterile water. The obtained suspension obtained was added to a mannite agar plate (used for growing
Azotobacterand incubated at 16 8 two tothreeweeks. Once the sorocarps of the dictyostelid
being studies had formed, the spores from a sorus{Figere removed and implanted onto a fresh
substrate by spot or stripe inoculation.

—
—
L — —

F i g dirTee fruiting body (or sorocarp) is composed of two main parts. These are the sorus, which
contains the fertile spores, and the stalk, which holds the sorus dhftlitate spore dispersal

Over time, there have been improvemeiitd) e  umad@niteoagar was discontinued and
replaced with dilute hay infusion agd@aper 1937, 1951and the samples were no longer ground
in a mortar but shaken in sterilized water fop pr o x i mat e |ty dispeesé¢ dictyestelid h o u r
spores anany x a ma A brraalé amount of the suspension was plated out on dilute hay infusion
agar and incubated at 20 to 24 °C for several days, during which it was canbiélyed to detect
the appearance of initial aggregations of amoebae or sorocarps that had developed from the
propagul es present in the pl(Gaveadek RapeslOthanwasy gr e g
marked.

Singh(1946)developed a technique for isolating and studying soil protozoans while studying
the distribution of dictyostelids in the soil of Great Britain. He prepared a bacterial ring (which he
called a fAbacteri al circl eo) nwvagartor dtaZdawmndi a t
added small crumbs of soil or aliquots of a diluted soil suspension to each circle.

Later,Cavende& Raper(1965a)modified this method and obtained segniantitative results
using what became known a89), whibheis uSeflilafar eompaeative me t
studies. Clone quantification is carried out through daily microscopic examination (40x
magnification) of each plate, beginning ca 48 hrfpastulation, with discrete amoebal aggregations
and mature fruiting bodies (col m@ked onuvhe Iplgte d e f
underside to prevent {@munting. When cultures reach maturity4(days), three ecological
parameters are systematically recorded. These are (1) density (clones/g dry substrate) calculated as
total clones divided by sample weight; (2) frequency (%) determined by the proportion of positive
plates per sample; and (3) rel@idensity (%) representing each taxon's contribution to the total clone
count.Moreover, it is more rewarding than either of the earlier methods with respect to the number
of species that may be isolated. In addition, it has the distinct advantagevoi@lior the first time,
some quantitative measure of (1) the population of dictyostelids present in the soil of a given forest
or other type of ecosystem and (2) the relative abundance of different species in such soils. As such,
it provides a means obmparing this information with similar information obtained from other soils
collected from similar or markedly different ecosystef@gavender(1969a, 1969h)Benson&
Mahoney(1977) Sutherland& Raper(1978)and others have used this method rather extensively
since then.
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Clone 2

Fi gwBrid mproved method f ordeissali dteidn gb yd i @at vweonsd ee
producegsuasémtati ve estimates of propagul es (
separation plate shows many recogni((z@adJvenddrct
Raper .1965a)

Collection of soil samples

® Soil surface or from the humus layer
of forests

© Collected in plastic vialsor plastic
Whirl-Pakbags

® Preservation at 4 °C

Preparation of culture media

© ®

autoclaving 120 °C for 20 minutes
® 15 g KH,PO, and 062 g
Na,HPO,-7H,0/L, pH16.0

Dried hay (largely Poa spp.)
10 g hay/ L distiled water by

o Plating technique

® 10 g soil/ 90 mL sterile distilled water
(initial dilution 1:10)

@ Shaker at 280 rpm/ 2 minutes to
break up soil particles (distribute
spores and myxamoebae)

Population counts o ® 5 mL soil suspension to 7.5 mL

—— — sterile water 0.5 mL of this dilution is
added per plate (dilution of 1:25)
® 0.4 mL of a heavy suspension

®

Clones appear after 3-4 days (Fig.
8), and enumeraton and
identification can be completed
after sorocarps have developed

e Calculations

@® Absolute density (total clones/g dry
soil)

@® Relative density (%)

® Frequency (%)

F i g 9ir Szhematic diagram of the process for isolating dictyostelids from samples.

The method proposed by CavendeRaper (1965) for the isolation of dictyostelids has now
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been used for almost sixty yeaResearchers have published a series of new species, including such
examples as four new specigSayenderia parvibrachiataC. helicoidea C. ungulata and C.
protumulg from soil/litter samples collected in northern Thailg@havender et al. 20223 new
variant and four new specie®i¢tyostelium purpureunvar. pseudosessijeD. minimum D.
multiforme D. robusticauleand Heterostelium recretujrfrom soil/animal dung samples collected

in Hainan Province, Qinghdiibet Plateau, and Jilin Province, Chithau et al. 2019b2019¢ Zou

et al. 2022)three new specie$i( multibrachiatumD. insulinativitatis andD. barbarag from the
Sakhalin Island and in the vicinity of Ussuriysk and Vladivostok of Russian Far East; Christmas
Island in the Indian Ocedhiu et al. 2019d, 2020)

The isolation method in all of the studies mentioned above involved the preparation of a soll
suspension and determination of the pH of the soil suspension, followed by the inoculating hay
infusion agar plates for isolation of dictyostelids. The agarplatever e pl aced at 23
light and dark cycle for observation (FIOA). In the primary isolation plates, the location of each
early aggregating clone and sorocarp(s) that developed was marked. Then, the purified dictyostelids
were subjected to anphological observation and photos of their life cycle stages were taken for
subsequent identification. Macroscopic morphology was observed using a dissecting microscope.
This included observations of myxamoebae, aggregations, pseudoplasmodia, am] tioéosjand
other features of sorocarps (FIOB). Microscopic morphology was observed using a compound
microscope, including spores, sorophore tips and basestanches (FiglOC). Spores from these
isolates were frozen in HL5 med{€ocucci& Sussman 197(a nd st ored at 180
samples were stored in the herbariungluding for example thélerbarium of the Mycological
Institute of Jilin Agricultural University (HMJAU), Changchun, China shown in EOp.

3.3 Selection of culture medium

Dictyostelids commonly occur in surface soil and humus, where they can selectively feed upon
bacteria for growth and survivabo, what types of bacteria do the dictyostelids prey uRaper
(1937 andSingh(1947a)showed that myxamoebae of the geButyosteliumcould utilize various
bacteria as food in laboratory experimefitge choice of the food bacteria should be governed in
large measure by the nature of the investigatibnhe study focuses on the vegetative stage,
especially the feeding habits of amoebae, dictyostelids can be cultured on low nutrient agar together
with some largecell bacteriunmsuch aBacillus megateriumwWhen studying the process of fruiting
body formation, it is advisable to have dio$yelids feed upon some easily digestible bacterium such
asEscherichia colior Klebsiella pneumoniagRaper 1937)Raper(1937, 1939¥ound thatE. coli
was the most suitable bacteria for predation by dictyostelids. The reasons for this are that (1) it
belongs to the gram negative bacteria and produces moisgumamy colonies, which have physical
characteristics that are particularly conducive to thdifegof the amoebae; (2) neither excessive
acidic nor excessive alkaline byproducts are produced; and (3) it is easy for researchers to identify.
In addition, another gram negative bacterikiabsiella pneumoniabas been found to be @her
suitable nutritional source for dictyosteli®&ngh(1947a b) successfully cultivate®. mucoroides
andD. giganteunusingK. pneumoniaeHowever,the studies suggestl that bacterial preferences
may vary across dictyostelid species. Yulo & dela Cruz (26y&ematically tested multiple gram
negative bacteriascherichia coli Klebsiella pneumonigeand Pseudomonas aerugingsaran
positive bacteriaNlicrococcus luteusBacillus subtilis and Staphylococcus aurelysand yeasts in
Philippine isolates. Their results showed that whileoli remained the most efficient food source,
some dictyostelids could partially utiliZe aeruginosandK. pneumoniaeNotably, grarpositive
bacteria were poorly consumed, and yeasts were barely utilized. These findings align with Raper's
early observations oB. colis physical advantages but also highlight the need for spguéesic
bacterial selection in experimental designs.

In his bookThe Dictyostelid§Raper 1984)isted 13 agabased culture media for cultivating
dictyostelids (Fig.11). Among thesepne through five are used for observing and studying the
vegetative growth of myxamoebae and the process of pseudoplasmodium formation, while six
through 13 are used for producing luxuriant growth and development of robust dictyostelids obtained
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by cultivating them in association with coli. M e

dium 12, dubbed the

as an acronym for slime mold medium, probably has been used more than any other.

@

Measuring the

Cultured at 23 °C on nonnutrient
agar with Escherichia coli 7

pH

N,

S %@})

k. Observing the macroscopic morphology Myxamoebae Aggregation Sorocarps J
\ Observing the microscopic morphology Spores Sorophore tip Sorophore base Branches /

.,

’

\ Preservation of soil samples

Fi g & 0 e€aboratory culture: (A)solation of dictyostelids from a s@lspensionmeasuring the

pH of the soil suspension, and culturing at 23

°C onmgnient agar withEscherichia coli (B)

iSM

Laboratory equipment for observing the macroscopic morphology of dictyostelids, including
myxamoebae, aggregations, and sorocdrpg@aboratory equipment for observing the microscopic

morphology of dictyostelids, includingpores, sorophore tips and bases, and branches of the
sorophore (D) Preservation of soil samples, DNA, and isolates in an herbdnuthis case the
herbarium ofthe Mycological Institute of Jilin Agricultural University (HMJAU), Changchun,

Chind.
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Cultivation types Solid substrates

Growth indicators (D. discoideun)

o S A —_—

Myxamoebae and
pseudoplasmodia 3. Hay infusion agar with 0.05% peptone

4. 0. IL-P, or LP agar media

Spores Myxamoebae Aggregates Pseudoplasmodia Sorocarps
5, Carrot infusion agar

+ —
— +
+ I ++ +
Robust dictyostelids
10. V-8 agar (Traub and Hohl, 1976) + + + +
11. Bonner's agar (Bonner, 1947) == + + + +
12. SM agar (Sussman, 1951) ‘}3 *

13. Prepared agar media KEY: - = no growth + = fair growth ++ = good growth +++ = excellent growth

Fi g d d &€ulture mediaand indicators for measuring the growthnfdiscoideunas listed by
Raper (1984).

4. Occurrence of dictymdtheelri 2 bisn raadiels | ayer s &

When Oskar Brefeld discovered dictyostelid
However, it soon became apparent that dung w
habitat turned ouwnttetrd abe wZlbeaesoifl flhiettlaertter
ground in forests. The studies that clearly s
forests in Wi sconsin in the United St adfeshi sfi
students, J@Omewe nChevre naddlred RapeRafld®65a2Ca84PB6SbI
ot hers extended studies of dictyostelids to ¢
subtropical/tropical forests, where they foun
of dictyostelids present.

Il n any forest, dead | eaves on the trees and
I n deciduous forests, |l eaf fall i's seasonal,
Regardless of when they offelslt, fll@mavesasaacumulta
t o decerigpd2d) . Ttheer Iliaayer consists mainly of | e
types of pl ant debri s, including twigs, S ma
inflordsSstcephesisomha9B8aves of deciduous tree
decompose within a year and do not accumul at e
redistribution as a result POfrndowrdd$| Appda arbgv el
wi nd) . The Iitter | ayer of coniferous forest:
readi ly decomposat &BnipB)do Itné tdr wipdiccaamuilcal f ores
constantly high temperatures and | evels of pr
|l itter |l ayer can be very thin and not compl et
forestisa,l leeyspvehcer e the trees are evti Gigd€)id. and

The Iitter | ayer in a forest typically cons
senmnBsruady) .19T7e first | ayer (O1l) consists of th
| afFgeundecomposed | eaves in which the digigina
12A) . The seé2gnd sl @ayher portion of foresbrifs$opar
decomposed to the extent that the original fo
of the upper most portion of the soil itsel f,
decomposed organi mamaterdati yaedmusdmuthe O2.

CoautShtcerphandodohn Sltempdeints on & xlaam dceldt t 1h%e9 6v
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i taket slddtitohe dpH in the first st
y earliest studies of dictyostel
bi odiversity of these ocaglasmi & ms
study as well &® aegltobalctsoal e
l'y, although it is clear that th
I ds, they have been isolated fr
ecaying grdesssoemsp,osioagt ifrgui woad, |
8ve)ver, there are two Aother oo he
more detail

, one of the coauthors and John Land
|l and tropical forest within the Luquil
w sampl mat tteromad hec il atyeed wift hor
terplhrekns onf &t O@a@gd o 6 toafl2 0tdrld peiad aulr e
t he Neotropics, I s Fid. 12[®) .a bTuhned a
and, to some extent, the trun
base of the pl andecaayilnay eerpig
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from at | east tDwoc toyfo stthed ivwans dptyhrepiusrieesugd e mo st
and represented 48% of al |l cDiomnteysast @l haam ¢
Het erost el,i vuaom dp aalnl iudnu nd@2ind ti ¥ a (e$dte ésppheeoni seosn o& L an

WL

A. Litter layer in a temperate deciduous forest in the B. Litter layer in a coniferous (pine) forest in West C. Thin litter layer in a xeric forest in northeastern
eastern United States (©Steve Stephenson) Virginia in the United States (©John Landolt) Australia (©Steve Stephenson)

D. Vascular epiphytes in a tropical forest in Costa Rica E. Canopy soil that has developed on the branch of a tree
(©Carlos Rojas) in southern New Zealand (©Steve Stephenson)

s £ Yy
F. Mats of bryophytes that have developed on a tree on G. Collecting canopy soil 40 meters above the forest
Ascension Island in the mid-Atlantic. Dictyostelids were floor in northern Queensland (©Steve Stephenson)

isolated from sample of canopy soil collected at this site
(©Steve Stephenson)

e
H. Cave in the state of Arkansas in the United States I. Collecting samples for isolation of dictyostelids in a cave in
(©Michael Slay) Arkansas (©OMichael Slay)

F i g u2i &he lhree habitat types of dictyostelids in nature, including litter layefs)(&anopy
soils (D-G), and caves (H).

I n apmpdbpershed in 2011, Stephenson and Lando
the occurrence of dictyostelids in canopy soi
They reported that between 1996 dndi20@8 enmoit
around the world had yielded at | east 37 di ff.
had been collected from only a single study s
The 11 | ocdl atnesmbencbbtdei fferent types of tr
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| owl and rain forests, montane r atmofpdrceadt §,0reae
(i .e.., a temperate coast al rain forest I n th
southern beech forest ise Neoewede¢asl andle. slamps @r
coll ected from beneath mats of epiphytic bry
|l iverworseggh, Acanopy soi l can be associated
epi phhgtldFs. hHlemostt mesic forests, It is often a

Samples were obtained from three continents
well as Ascension |sland, Cuba, the Dominican
|l sl and was the most I sol ated 11 BAetdhaintdy,c sai nccoen
di stance from Africa and Soiun hArwmwbred leiasa,c t @s & 0
upper canopy was provided by a canopy <crane,
m abovestt hfdigdlaey epBursi ngly, these sampytastyelell
mi nut i, Pscmymst el | u@mthyxhaasuidst Ir jad mltatm wer e des
new to science. These species are not yet kno

Numbers of clones/ g varied rather widely a
obtained. The mean densities for five of the
samples (>35) were >100 cloneds/lg.waBhe9lbi gH eomt
tropical forest in Honduras, whereas the | owe
southeastern New Zeal and. As a gener al obser
Neotropics appearabbebéorhdimoyostal ids It s
the abundance of vascular epiphytes.

Al t hough not generally recognized as a habi
clear evidence that canopy soil can support
abundance (clones/ g) is camopy seiplbritedsdmet ig
few instances, dictyostelids have been found
actually exceed those recorded for samples fr

Stephensori20lrlelapdolked that for a tropical fo
clones/ g (canopy) versus 60 clones/ g (ground)
was even greater, with 395 clones/ g (canopy)
exceptional situati ons, but they do reinforce
in canopy soil.

Dictyostelids are thought to have a very |
guestion might be asked as to how these orgart
extent, spatially isolateds aboveoméei meaouhd
di scussed Isatcen oinn t hi

Caves would seem to be a most wunusual habit
is very different from the wusual environments
few studies that have beemrcamrcieced nomtanigsdi ca
12H)

The first report of dictyoOit p{i9%tbal @ nr e@pvrets
Dictyostel ianmlomhwcs@prhoindleeds ram patctadveduimocated on
t he BahanMdasdd@odimegrcover ed ei ght species of di
Cavern in Arkansas in Sphel dast el Gttruartraesde acOuten t
to science.

I n what appears to be the extensilvaendsotlutd ye ti
199Phbhyvyestigated 23 different caves in West Vi
and three of these were recovered from | eas
(Di ctyostel)i uwasr oosfarparnti cul ar interest, since
an earlier extensive study of dicty®stebsdsit
in caves was totally unexpected. Not only was
clearl y t heesdopmbDenseennyto.s pekt(ituhme m odaagdruimbed as nc¢
first Il sol ated from a sampdgler wd fsarmrdsatcei 503 b

443



Cavender (126Rap@®m® 8cionsi red i1 asdsocibat ead swietch e
saline soil s. Prior to her ppesenof sthdyspebe
West VWadgd@pBR2Ut no indication that it was co
habitat.

Thetudy described above waandfodI{2 oM@y lb.gt ead
wards caves in the Ozark regFigil) of TArk @mad as
s sd& uadoymbniered with more | imite@Ldatdal fo& 861
8)GepRgeares et Salbt hQRAOWd s naDd 1P § &Nii teRvi evBa rceo
3n) addition to few unpublishe@dLbhndbdbtaat &ah
0
t
t
t

de
t

[@{el= o]

| of 123 caves were investigated for th
e yielded at | east one species. l n We
elids were presegntofinh®29 cafve®l coOns%h) e
rate North America, but dictyostelids
o Rico and the Bahamas.
st 17 species of dictyostelid were r ¢
t hat coul dDincotty oapat g adiBwrnebum ol ci o .do otsiae, rss, puerc
Phodlysmhondy lweurne vtihoel antcoesutm c o mmon sp
rom more than 25 caves. The ®nly s
d on t hleandadldl Yehpwpltcalvdy in West Vi
of clones/ g in samples of cave soil can be ve
summary, he distribution of dictyostelids in
where thhey ddhesec organi sms can exhibit surpri
Bats are known to be inhabitants of many o
dictyostelids depend upon a variety of aerobi
certainly represents a fachemr tofpeonsfi dermrq@driec
i n caves. However, throughout the entire stui
guano pil es. I nstead, they wer e moslanmdoulntd aentt
1992mal yzed soils from a cave in West Virgin
West Virginia, indicated that the organic mat:
for the forest soil s. Levelpoptasbscamci amd mag
hi gher (sometimes remarkably so) for cave soi
the pH of the forest soils was 3. 4. Clearly,
environment ygodtoel idds . However, it should be
advantages for dictyostelids since it of fers
moi sture. Both are favorable for their growth
As was the sitwuation for canopy soil, there
the cave habitat, and it must be fairly effec:
subject that wildl be addressed | t his
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5. Di spersal of dictyostelids

Unli ke many other microorgani sms, di ctyoste
Il i mited potenti al for dispersal. I n the sorus
matrix that dries and hartdeds .l i Ast |ae ccohnasnecgeu eonf
wifdCavenderDilOt7riyd3agst el i ds themselves are motil
stat e, but the actual di stance traveled is e
pseudopl asmodi um, the | atter inesomne sstpeaciees
under optimal conditions, this is no more tha
by water is possible, it probably occurs only
guestion is how ddocesy ocsitsederdssaloccur ?

The soil/ humus | ayer of forests, which i s t
numerous small invertebrates. These invertebi
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(CavendBonn®731l9n82mMost instances, dispersal wun
the simple adherence of spores to the body sul
someti mes takes-dpfl aclkkt sh8iPypgleat eédndi ctyost el
contentsobfedteddeart hWan mE9 &hgdmomisltirath eglea d h a
feeding migratory song birds transport di ct
Neotropics. She isolated el even-fepadings eafstir
Americaatony thrushes, finches, sparrows and
gr oulhhidg 8BA) (. Coarstlgy) stamge di sper sal IS possi bl
somewhat unusual circumstances. These | i kely
dirsitbuti on of some species of dictyostelids.
Il n 1992, coauthand8&8teppabsoshaddt he resul ts
University of Virginia Biological Station
y was to assess the distribution opfatftiewe
erent types of forest communiti es( ltamdolotc
ephensdHowke¥%&6) they also used this opport
r nine species of vertebrates that are com
f eastern North Amer-baake dl heaslea-hmineddurdlesdavrht | hiee
astern chipmunk, piwcelvold, | CacodlfimBB)wbeée g, bs
Fecal materi al was processed as soon as pos
procedures for dictyostelids. Nine species of
recovered from at | eaDsitcttylorseee | d,iDfnf edrpesmate r1,voleeretpe
anRiol ysphondylweurme vtihoel atcherueme species most freqg
Al are frequently isolated dictyostetddsein
individuals of the three species of birds inc
provides additional dat a Sunt er@d)d t s wd g & hites r te
d

could play an i mportant role 1in i sper sal of
smal | mammal s and sal amanders are capable of

Snakes, |l i zards, and turtles are widespread
tropical forests. Although it would seem unl:i
dry scaly s,kihriomblreepgdrd28reoephkRepsprai es of di
from wet sterile swabs applied to the ventral
and t(kig. 13C)eIlshese i ncl uded tbhoex tthurread e, western
snake, eastern fence I|izard, | ittl e brsowaenbsski
was | ow, but dictyostelids were consistently
guestion that these animals have contact with
about i n the forest.

The data 9theah eareso lyRoOvidgairn dloIsteem t o be rel e\
habitats in which dictyostelids occur, as de:
dictyostelids introduced to canopy soil, whic
on the? gAsoumalt ed above, various ani mal s, rang
ma mmal s, and birds are capable of dispefrsing
defection. I n the temperate or tdreopil ogpledr aitth
several types of animals (small mammal s, |i zal
the journey from the forest floor to the cano
dictyostehed ispiooeresal eytor extemevaed ybedon bDove
butandolt & (1IS*%®%7/)véd msemd t hree species of dicty
D. sphaerocephal um, and Polysphondylium pall:i
coll ected on the Luquill o EXD).r iAtentthils Floaesslti
were frequently observed to be present I n ae.l
ground. This is yet another aspect of dictyos
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A. Chestnut-sided warble, a common Neotropical B. Ared eft in a temperate forest in the southeastern C. Eastern garter snake, one of the reptiles
migrant in eastern North America (©Matt Orsie, United States. Small animals such as this salamander demonstrated to be capable of transporting dictyostelids
http:wvbirder.org) disperse dictyostelid spores by means of ingestion- (©Steve Stephenson)

defection (©Steve Stephenson)

D. Large land snail of the type demonstrated to be E. Cave cricket from a cave inn Arkansas (©Michael

capable of dispersing dictyostelids (©Steve Stephenson)  Slay). This insect is capable of dispersing dictyostelids
both internally and externally

F. Big brown bat in a cave in Arkansas (©Michael Slay). G. Woody angle moth (©Mark Dreiling)
Bats are probably important vectors for introducing
dictyostelids to caves

Figure 131 The dispersal of dictyostelids in nature, including chestided warble (A), salamander
(B), snake (C), snail (D), cricket (E), bat (F), and woody angle moth (G).

Sat he 2a0tl®gl |l ect ed samples of the fresh dun
her bivores on the Mudumal ai Wil dlife Sanctua
el eplEaephés )sn@octi tmaksx idse ga xb(asr kMgt idaeceuls, (M amlh ak
(Cervus )uniacndlogmrag)aMhieins t hese sampl es were proc:

yielded at | Pastyegighd nadiicemi ysp i rep uvwemuen t he mc
commonly enc ®udntsecrogRid ® ewmotshi e lu,iDurmp s a,fHieurmr ost el i
pal |,i d@dmmd ysphondyl. i &5 meita lmesewmmgi ven sampl e p

et (A01li09o0l ated di ct yBoosst ed ri)dmrsd ufergosnt offd ke c e d

Hi mal ayan Mountains (34U N) |l ocated an el eva
Sat he 20tl1®&hs0 coll ected fresh samples of du

(Pantheda wi@Gdodogl,pih@mesmaut(a ,craoncduRppahhlkee)a par

species, something titatephtbhaeanlladadD)eanecebbsbEng
fr
t

and when processed, these also yielded dictyc
identifiedDiatygpstiésmndpairpawerianmr ecovered fr
of dung from the tiger. The authors specul ate
by the wvarious ani nmaldss. cTohue df abcet rtehcaotv edriecdt yforsc
to suggest that spores would have to have bee
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g through the digestive tract, anc
d be acquired from mammalian herb
d spores in thi so ncaonmee ri.n tPor ecsounntaabcl
i mary Itats in which dictyostelids are f
The inf mati on presented above invariably
ctyostelids in caves. How are dictyostde&l i ds
epheng20n0srte)tdakd th€eaahepbr i)ukiermg r AFig BH) spaess (
t hough these cr idowkedtls ngr e tpreiymareigluy acddwe | e a
forage in the forest .WHiolog ddttureal |diyspero
mai ned pgrheblaeumahtoircs, dcepronsh a @fedde dtithmagtop ® h y d ur
oughtt npbehbédvberanfiawrael hsal Ige st dcirsi pcekrestes di ct yos

through surfdceosadmesitomal andgast i oPr easnudmadbel fy
merous insects foundapableopfcthefoametshiwno
Il n their study carried out at the Mountain
enson(aaddbobbhhdelstohlat el 992k yostelids fr
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m he bFidq 13B)r.o wih sbsaunexpected since this ba
ects. Mor eover, they recorded four di ffer
prisingly high total of 570 clones/ g. Th

tyostand probably represent one i mportant
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s. Si bats only rarelyshawuggeértys catclgeut ir
y spores while in flight. Stcep hencs
he bat feeds are associated with
to come into contact with dictyoc:c
spores with them. Bats feed wupon
t hose i nsescetnst wwotuhl dd ibcen gfeaisrell yit dnl
an effort was made -ftloyiinsgo | maotteh sd ic
rap placed out in the same gener a
momnme sefoi d@emmore common species
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I, Si X ipy elsaetnd s n gveRbep e r o sspeslpihvame r o(¢ ®p hal u
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6. Bi ogeography of dictyostelids

Il n 1973, James Cavender published a paper t
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a more complete understanding of gl obal di str
occurrence of these eeriggahnti scrmosu notbrti aeisn eodm i fmievtew ¢
di fferent speci es, i ncludengwkereecdescdebed
reported that biodiversity is highest in the
t weninwe species appeared to be cosmopolitan,
occur igpmcsheandoapproximately half of all/l S p e
and subtropics. Interestingly, the Diwot yyost e wi
mucorahHlIeetserosteI'utninepaflilrisdtunhwo species known
Lat®wansonl %%Qoalpi | ed di stributional data on
soils worl dwide and attempted to determine | u
these or gafniiveens s p e&aixds of dictyostel i dseiwer e
di stributions were found to fit into four dif
and pantropical. Cosmopolitan species appear

Exampl esDiicntcylousdtee | i, H eetrmousc cerl o iyére bpyasl pl hi adrudny laic wm m
anRaperosnt e@luit wbm sj unct species occupy similar

an@di scoanmbfuinr mwkrasei ¢4 i sted as two examples. R
those seemingly confined to a specific region
Pantropical speci es, as the name of tdeinabec
even restricted to the foredtdicft ytorsd il als ne
than the assemblages associated with the othe
of t hfi @ x¢ygecies being considered did not di

The main conclusions reached in this study
di stribution patterns of dictyostelids were t
studi es. Differences in cltimatpeardnadut he [ esa

i mportant factors, since the organic i nputs t
are ultimately determined by the plants prese
becausa&f ftehcety t he composition of vegetation,
determines the pH of the soil t hat represen
dictyostelids.

Since these two papers appeared, a consi de
dictyostelids has become available, and the n
purpose of this section isutothevdewtwhautisn
dictyostelids worl dwi de.
6.Maj or types of terrestrial ecosystems

Ecol ogists recogni ze s evemsKnithegtal.r2020)y pfehe sef at
tropical rainforests, temperate forestsFg bore
14) . The distribution of these seven types (al
the earth is determined | argely by two pri mat
There can be considerable mposiation oh the p
particular type of terrestrial ecosystem fron
gl obal KBecwdéwer, there are basic underlying fe
type together.

Tropical rainforestsHig. 14A) typically receive constant rainfall throughout the entire year,
and temperatures remain fairly high and thus are never limiting for the organisms fireseat
2006) Most trees in tropical rainforests are evergreen, and vegetation is usually rather lush and dense.
Although organic inputs to the soil in tropical rainforests are high, the litter layer may not be well
developed because of the very rapid rate of decoitigrasin some areas of the tropics, especially
those mordistant from the equator, rainfall can be limited since much of it is received during a
Airainy seasono. As a result, the vegetation i
Temperate forest$(g. 14B) are characterized by four distinct seasons (winter, spring, summer,
and fall) with major differences among the seaddang2020) Winters can range from cool to
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cold and summers from warm to hdépending upon the latitude at which the forests occur.
Temperate forests, especially temperate deciduous forests, are better developed in the Northern
Hemisphere than the Southern Hemisphere.

Boreal forestsKig. 14C), also called taiga, make up the largest terrestrial ecosystem and occur
extensive areas of North America, Europe, and Adiller-SchroedeR005) However, this type of
ecosystem is essentially lacking in the Southern Hemisphere because there are no major landmasses
at the latitudes where it would be expected to od®oreal forests consist mostly of various conifers
such as fir, spruce, and larch, but some broadleaf trees (e.g., aspen grardiatso present. Most
of the trees present tend to have neeslt@ped leaves and are evergreen. Winters are long and cold,
and at the very highest latitudes, the active growing period for plants may be matter of a few weeks.
Instead of conifers, the southernmost forests in South Amérasanania in Australia, and New
Zealand tend to be dominated by various species of southern beech, with various mixtures of other
broadleaf trees also present. In New Zealand, the latter are rposibgarps. The southernmost
forests in the world (locateat the southern tip of South America) are dominated by southern beech.

Boreallike subalpine forestd~(g. 14D) often occur at higher elevations on mountains located
in temperate regions of the worfllnight 1994) Some of the same genera of trees (e.g., spruce)
make up the forests present, but the species tiezetht from those found in boreal forests to the
north. However, these subalpine forests do share many environmental features in common with
boreal forests. Soils in both types of forests are usually fairly acidic and often have low levels of
major nutriets.

Desers (Fig. 14E) by detnition receive little rainfall, although the actual amount varies among
different desds (Crawfordet al. 1982) The mat extremely xeric deserts such as the Namib Desert
in southern Africa may not receive any rainfall in a particular year. Vegetation is usually very sparse,
and many of the plants present have evolved leaves with a limited surface area (including being
reduced to spines) to limit water loss. As a result, the habitat represented by the litter layer is often
lacking Two types of deserts are recognized viz. cool (or cold) deserts and warm (or hot) deserts. A
pronounced difference often exists between nighttime and daytime temperatures, especially in warm
deserts. The transition between a desert and an adjacendesart, xeric grassland or xerophytic
succulent shrubland is usually rather gradual, so defining the exact limits of a desert is often
problematic.

Grassland (Fig. 14F) are dominted by members of the family Poaceae (grasses) although
woody plants tend to occur along the streams that flow through grasslands. Although grasses are
usually the most abundant plants present, grasslands also contain numerous herbaceous plants. As ¢
resut, grasslands sometimes can be more biodiverse than f(Bestd & Parr2010) Rainfall is
limited but enough occurs to maintain an often fairly dense vegetation but one that is subject to
burning during dry summers. Small areas of grassland sometimes can be found in otherwise forested
regions of the world, and in some places saglthe mountains of New Zealand and the Andes of
South America, grasslands occur in the subalpine zone.

SavannasKig. 14G) resemble grasslands because of the relative dominance of grasses, but unlike
grasslands, savannas receive enough rainfall to allow the growth of trees in groups or dotted across
the landscap@Vang2020) The largest and bekhown examples of this type of ecosystem are found

in Africa, but savannas also occur on other continents. Small areas of sékanvegetation
sometimes occur in the transition (ecotone) zone between forests and grasslands.

Tundra is the type of vegetation characteristic of the very highest latitudes of the Northern
Hemisphere, but it could be argued that true tundra does not exist in the Southern Hemisphere. The
vegetation of the subantarctic islands in the Southern Oceansaender tundrke environmental
conditions but is markedly different from the tundra of the Northern Hemisphere. Tundra vegetation
in the Northern Hemisphere typically consists mostly of-tpawing grasses, herbaceous plants,
mosses, and lichens, warf willows and birches can be present and sometimes dominant in some
types of tundrgVirtanen2016) Much of arctic tundra is found in areas with permafrost (frozen
ground) just beneath the ground surface. Wheree | andscape is flat, su
pl ain along the northern coast of Al aska, i s
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pattRkgldaH .( Thi s is wet tutnumdr asf opmpd sendrFighor ¢ hi
141) Subarctic alpine tundraFig. 14J) is found at the highest elevations on mountains located at
lower latitudes. The vegetation is similar to that of northern tundra but there is no permafrost layer
present in the soil.

A. Tropical rain forest in Costa Rica (©Carlos Rojas) B. Temperate deciduous forest in the eastern United
States (©Steve Stephenson)

C. Boreal forest i central Alaskain the United States D p i forestin the App ian
(©Steve Stephenson) Mountains in the eastern United States (©Steve Stephenson)

E. Desert in the southwestern United States (©Steve F. Grassland in the central United States (©Steve G. savanna in East Africa (©Steve Stephenson)
Stephenson) Stephenson)

H. Wettundra near the coast of the Arctic Ocean |. Dry tundra in the Brooks Range in northern Alaska in J. Alpine tundra in the Rocky Mountains in the
northern Alaska in the United States (©Gary Laursen) the United States (©Steve Stephenson) United States (©Cathy Cripps)

F i g u4ieThelseven major types in terrestrial ecosystems of dictyostelids, including tropical
rainforests (A), temperate forests (B), boreal forest®jCdeserts (E), grasslands (F), savannas (G),
and tundras (H, J).

6.2 udies of dictyostelids in tropical forest

Early studies to document the occurrence an
the temperate deciduous forests of easter
estGav eUahdRanp@ O 6r8ported the results of a su
tropical areas of North and Centr al Amer i
tyostelids of tropical forests. The survey
st s. Gi ant <cactus fsocrreusht sf, ortehsotrsn, ftorroepsitcsa |
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hammock forests, seasonal evergreen forests,
sites from which samples for i solation of di
Neotropics.

Ni ne species were recovered FgldAn .t rThei dalr ere
abundant di cDiycotsytoesltied si,Dwpumepaec,o rdid e sost el.i um p
Some of t hDemucorliwmearrkes dedscri bed i n tDhmeu ao rpoaipdeer s
vast ol oni Neetmbmr s of clones/ g were relatively

sample where one or two species were abundant
recently HdgswhandaddRagekennel | 496pecies tha
sorophores with crampon bases.

Cloud forests occur at the very highest el e
These forests are characterized by very dens:
(because of the elevationssttwAdnchhéheyoprccalk
| ower on the CaamatRapEmtéeBelasr ded seven species

S

and sampl e yielded 100 to 500 clobestygost dlhi
di scoamRaupre r o st el)i umo rme ncutaurmact eri stic of temp

Hammock forests, including some examples in
FIl ori da, yi el ded t en shHoaegciiweasr,a eian cclouedriunl ge ptshtri epe
andvinacgofwidgda crampon bases. Numbers of <cl o

Dictyomteor dnmdwerspur eddred eroptakel wdmen t he usual (
Raperostel wasm mbhut Bimé alt erdq s taevd su mr d caacrt cceudn f 0|
time during the entire survey.

Subtropical seasonal evergreen forests yiel
ranged bet weebi ¢tOYo atnal ilaynkd@mduea orsaied eavaime pwad U a ld
the most abundant, but the assemblage of spec
and sever al previou<Llayennee s @r.ideend nfudi ma (e. g

Tropi cal decb ig.d5B)s aaooounf drheestPaci fic sl ope
America. These forests resemble temperate dec
but are floristically rather diff er enQu eerxccuespt

The two sites sampled yielded seven and eight
RicaDi bagomtedin amldpser puautmhe two most &bunda
mucorwasieshe single most abdundcaante ds pheny tMesxti a&toi.:

|l ept owamumore common at the | atter site than i
Cavefld®e&rohegn turned his attention to the for
of data for the continent of Africa. Sampl es

Much of East Africa covered byt iaan dprseasveamtn ag x
t hesrcrub to temperate rain forests to subalpi
areas of rests, whgile® .ofEi gmtodcdrf ermnpatplee

f o
wi t h an unusBDiatt yvoasrtiea nitu morfimei c d mair d emso st abun
Dictyosteli,umbeucomws Bl.ams cva,diiaetty ocsft el i,umnpdur
Het erostel.i uNm npoeelrilsi ddumcl ones/ g ranged from O
3,000 m on Mt. Muhavura i n Ugnaontdead ytihealtd evdi tnho
el evation, the assemblages of dictyostelids a

i n character.
Seven years after the paper by Cavender app

ere pr cHwuigd efirtayaased on a study carried out
and thus essentially on thefoeguatsamplies Wega.
|l ong an el evation gradient on the moum®t anin t
total of 144 strains were recovered from th

i ghest elevations did not yield anDyi cdiycotsytoeslti
ur pur eum, P ovli yosl palRcerpidey losu mil hRmomoc hasiandlesi:
ni denti fiDadctymedied d uamf

CT oS> Z=
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A. Lowland tropical rain forest in Costa Rica B. Tropical dry forest in Costa Rica (©Carlos Rojas)
(©Carlos Rojas)

D. Tropical forest in northern Thailand (©Steve E. Iguazu Falls on the border between Argentina and
Stephenson) Brazil (©Armindo Ferreira)

F. Tropical cloud forest in northern Thailand (©Steve G. Tropical rain forest in northern Queensland, H. Tropical forest in Madagascar (©Carlos Lado)
Stephenson) Australia (©Steve Stephenson)

Fi g W rhieThe habitat types in tropical forest ecosystems of dictyostehdkjding lowland
tropical rain forest (A), tropical dry forest (B), forest patch (C), tropical forest (D), subtropical
rainforest (E), tropical cloud forest (F), tropical rain forest (G), and tropical forest (H).

Il n 1995, Peter Nj uguna, a graduate student
samples at sever al sites in the Aberdare Mour
wer e identi fied from the i sol lat @ i€mgremioossetr eeldi
pol yceph al uma u DeDo. i ygoi sgt Berl ta guanm sDonmuucno r ,dlied € s ost el |
tenui ssicRmagnmer ost el.i uAn mamunteani abl e number of
assigned to any described species, which sugcg
tropical forests ofCaA/fernidcear,lreetmtha Ints 2udnlkénlo.wn2 0 1

Il n August of 2006, Jolanda Roux of the Uniwv
dictyostelids from site sites in Kruger Nat i
descri be€ospmico etsel(i uMi polypsephagDhDoprugipgabetuenu m
sphaer ochapdiavdiraeveaan d @Plod y sphondyl)i varmh owmigo Iwa ¢ ehu na |
i solates of at |l east five taxa f(ICaveodelrdenot

The first major study of dictyostelids in t

Y

byCavend®®#6bwho collected samples from thirte
Mal aysia, Thailand, I ndonesikg15Ddnd St k¢ eRmi Isipe
recorded from the 2,998 clones app®acitgwgstiali
mucor,®@ipdueespuHetuenr ost el,i udmdpyad g h arudny | aluom gv i wil tahc
uni denti fiDedtympmpsweieds vafry common and widesprea
sites Four Acyhteoastep anudwersgimobssel i um pol yceph
| avand@dna r hi 2o0pwedrieummuch | ess common but st
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s. Al ot her species were | oce
was that the six most common
l s of aburMdarecd si handr tah evror | Ne
|l early display a pantropical d
6ncl uded a number of coll ecti ng¢
r R rsurvey of the dictyostelids
same species as tempaparndaes tfeolrie
Tmhe mean number of clones/ g for tropice
s was | ower, with only nine species bei
ially the samédi asohot otRnbipnivathusnrewmb oete b &6 . ¢
Hagi wan aaxz eaonRusanmeeorded for tropical fores:
coll ected in subtropical forests.
Land&oSltteph@m®9doel | ected soi l samples for iso
rain forests in eastern Peru during the 1989
and second forests. At | east el evenprsepseecn teesd wn
records for the Amazon Basin. I n addition, ni
species, DdDestgospedPaangospel BumNumbers of cl
with a mean value ofveé3mdotr abdndsdnnpt £Ee t ETehs
mucor,Dipdue puaeiet er ost el,i ur ep aslalmedurmr €a vemaceire
& Rap@dmOoé6a&89 the wusual domi nants in the tropicée
Neotropics. Four of the remaining species are
of these were isolated only onces Dascpteycoi satlellyi
macr oc egpriRhalpremost el i umf momotcha sN®otdrespi cs.
Evidence of the very high biodiversity of d
Vadéloglg3)who recovered 35 different taxa from
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rain forest in Guatemal a. Coll ecting was <carrtr
This total i n cHeu deer db at$ herine dHE @ dudmi, @ sdrniidnk a) i e Wi s
to sciencfei.velhteaxaimdpresented the | argest nun

a single forest anywhepreseantdeaae aotrd e MABotus
L an®&Wotn(@ 9 9c8ar ri ed out a survey for dictyost

Kauai, and Oahu) of the Hawaiian |1 sl ands. Pr
dictyostelids from any part of Hawa20 .cdlhlee atu
sites. Eight described species, one variety,
recovered. The totals recorded for the three
Heterostel wam paklosdiemfireesqument |l y i sol ated fro
clones/ g were |l ow throughout, ranging from O
ten or fewer clones/ g.

Swansoif2004t)adi ed ecol ogi cal succession in a
with v-ageduslaya fl ows on the island of Hawai

flows ranging in age from 67 to aboaegsg d4dmMd 009
undescribed species wer eCaveecnodeerr iea] Dtifiagogno st theel si
capittmmi can@mucor wedesthe most abundant spe

96% of all c¢clones. Mean numbers of <c¢clone/ g r a
this study was that dictyostelid biodiversity
of atne flow and thus the initial establ i shme

organi sms.

Cavender0diBemodrted additional i nformati on
rainforests of Guatemala and the neighboring
yield 10 new taxa (nine species and adengar
Raperosta@l,Rif@arld, Roreme pr,ocadantdaugrthe most el i. umMsu mwiidd
be described in another section of this paper
study of dictyostelodsesthssosinatedS®%Ut hDNAOPEG
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di stingui sh among mor phol ogically simil a;
ment al (e. g., streaming behavior and
ntiation. DNA sequence aerdl yoi dicdriyrocu
what was used in the Raper monograph (:
orated this molecular approach to facil
henson et al . (1999) studied the dicty
uco forest, secondary tabonuco forest,
ed along an elevation Boradstenf{l8W Nhei
teen taxa of dictyostelids were recorded,
cDiecst.yost el i amidanueroa ti allesnth wal kei dinm t wo m
ci es, andythempepdboes hakt wamheni mosumsur pri s
mbers of both species and clones/ g were hi
| evation gradient, and no dictyostelids were
During 199 anda®@®r0r3i,ecdc odutecitmnghe Atl antic
general vici ity of the lguaz¥% Falls (2FgU S)
156) . This site turned out to be yet another il
of 13 speciegVadkeddivenseck o M@= | |., AnMOn3g t hese
Cavenderia ,Dactygoditelhhomumaderd er oat at homi Tea m ar
number of wundescribed species from this | ocal
for dictyostelids in the Southern Hemisph
di scussed in this papethatl bbodeveaefsrtgdot
of the Southern Hemisphere is exceedingly [
Cavendé€20 le3p)l alect ed samples for isolation o
Costa Rica, including examples of alll of the
from 10 to 3,000 m. More than 3d 39@Pecil®sneasnd e
of i sol ates that could not be referred to an
Di ct yosnuecloiripiateesr o sptaellliiudnaimal vy sphownidyll awenu en
consistently present, aasse dwoounl dt hhea vree sbuel etns erxepp
carried out in tropical forests. Interestingl
species, which contra€ase&Rap(@ftad)Asempanttedfed

D ©
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n

re
di
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a phylogenetic analysis of 18S r DNA sequence
predomi nantbDiyc ttyeosperlatuemodi Ge ot a e Rimc a Me xi c o,
scattered throughout the worl d.

Il n 2008, coaut hor Stephenson collected 40 ¢
assess the biodiversity of t These samples giedded asleast i n

15 species of dictyostelidsT h e s e i Acy tuadseddeCo nenmi ost el i um pol
Di ctyostel i, Dnmugciogrgodltdeeupnu r,puis@lhm@mer o¢celpgaivamaea
| avanpHieutlear ost el jHu m padPod igdsupnh o nd y |, i &m eéwihcelmocsd werh
| a c tad wm dgformsithat vere not morphologically consistent with any described species. Later,
these were described as five spec{@éavenderia aureostabilisC. bhumiboliana C. protodigitata

C. pseudoaureostipeandC. subdiscoidepnew to science based on a combination of morphological
characteristics and their phylogenetic positifradell et al. 2018)This study further confirmed the

high biodiversity of dictyostelids in the forests of northern Thailand and the overall similarity of the

assemblage of species present with that characterize Neotropical fidrestse ov e r , as di
some |l ength in the paper, the study provided
and speciation in dictyostelids appears to ha
near the suimmint mpdnarme( IDOHU N, 2,560 m) in Doi
characterized by <cool temperatures, unusuall 'y

condi Fig.16M s (

Four ye@awendadaelOraziesalr.i bed f oQuarv enredve rs pa€.chied si ¢
par vi brGgrhadtagu reCrach g u)l aftraom t he set of isol ates
the same small collecting site on Doi |l nt hano
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2 0 OThe sequences obtained for these four species appear to indicate that they are very closely
related and probably evolved situ. This is a situation similar to what was reporteddayvender et

al. (2005)for several morphologically similar species collected in a single small collecting site (a
boggy area in a grass bald) located at higher elevations in the Great Smoky Mountains National Park
in the United States.

Rukseree et a(2018)collected soil samples from two districts (Phana and Mueang) in Amnat
Charoen Province (15° N) in northeastern Thailand for a study of the phylogenetic diversity of
dictyostelids. These samples produced 73 isolates of dictyostelids, from which 18S riReAcEs
were obtained. Mean numbers of clones/g were 106 and 238 for samples collected in the two districts.
Forty eight percent of these isolates could be assigned to the Dietysstelium with Cavenderia
andRaperosteliurmext in abundance. Only twdher genera of dictyostelids were identified from
these sequences, and one of thétedrostelium was represented by only a single isolate. These
data suggest that the assemblages of dictyostelids are not especially biodiverse at the level of genus
in northern Thailand.

Seeph&kRatkc Ra0rlaigl | ect ed sampl es of i tter for
southern China and processed these for dictyc
werGavenderi a,Gnac coo,glpipcatay ostelium dichotomum

rosarium, Het e Haomutl dliicymPtodaylelimiindounnd vy [,Raipne o 0tl elcie
mi nuaoth,eghemmenheiMhBmaut hors noted that sampl

herbicides were used had much | ower number s
clones/ g) than the areas in which herbicides

Liu et al. (2019a, 2019b) and Liu & Li (201:
and Hainan provinces, r eldeteertd svtedlyi, ulmewdclhlei o@a t

Chi na, and tDhectryowt eda i wamdpewrdpwsmreasusm t Be Xi shua
Tropi cal Botanical Garden iD. Ypummap sReruondvoi SNECSES. |

was also isolated from samples collected in 1
Hai nan Mriacviymgd.eé o s mamwmher new record for C
samples collected on Limu DMoppma el ocwdapsh ad aucno a nl |
from Wuzhi Mountain in Hainan Province.
Dictyostelids also have been reported from
Hagi war(la9 &35i)sxilecdk yost el i uni rnoant rMacoeppihtaoluu mand Ken
Hagi warnla9 %2tadallect ed t hree samples for isolatio
in Kenting, six sampl es i n Tasegamples yieldedanehst hli n e
species of dictyostelidsSl hes e iDh.cl maerdoaepPphalpwmpuar e&Clhmcheng
me mber At yttohset el i umompCaxwEnmMEemi a, Coureend sotsit ped S
pol yce,pbhhal manc r o,cCe.p hau w,phargeiuvnar aea, lavmehbhén o0

HeterostelcoamppPaltysphonndyl,i uRkmgve fod sameeaamh asi 0 (
in MaopiG@oupolayjnaz.phal uegib.stinmperso,ceahanleunt &r o f
bref elodammbex pur,pua emenmiHe r pafkc btmMpddi;mx | avy a hd!l a
monochaisn oOldea&h@hi.enehl988)ercot atiedmt pal He g ¢

Garden, |l ocated in Pingtung Tai wan.

Tropi cal rain forests occur I n t hdig.a5sr t her |
During the period of 2001 to 2006, Stephenso
dictyostelids from more than 30 | ocalities a
northern Queensl and. These sampll®esas nweboidleas
sampl es. When processed, these samples yield:
assigned to described taxa, Dinactlwasdtngl isbunt hg icg
mucor,oHedteesr ost el uaPhogh alslpihcdduimrdy |.i uko we wdra,ceamsi

number of others turned out to be &padobes pBeE\
(2008)The new sCpaevceinedse r wa r eb p G.rmeyr xaonhsépsoirsurno st e | i
aust r dlfilceuxnuHb.s ugmm a n url cotsaamkths,ii ol oni cAldleuanf t he n.
excepdtgrfaomrull Weetmer n AHdSt rexluiodm)cmaonrdi a) wer e frc
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i n norther nC.nuxchmddiasnd { r et eu enstoil rad ley
of canopy soi l coll ected ca 40 meters
survey of the distribution and occur
primary focus wa sdeovnelfoopreeds tfso rwehsetrse
South Africa, s mathgyh eod dfhef acwrod 4t
by savanna. During the entire sur v
nly 24 of these were positive for d
vwei tslkamp lmean density of 210 clones/
X that were | ater d€avreined | as f
apebosgyabsuimhe specific habitat
hese new species was | is
t the assemblage of dict
i que, cfoampoaliht DoOvgogt §oi asmﬁ]ms,
he two most abundantCaperde gtecalr
comprehensive survey of the dicty
samples were collected from 20 co
y 401 cl ones.edHo3we vdeirf,f etrheenste s4pOelc i
n of the species were new to scie
a
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ation plate was a different spec
est eroc6Cavender. eThaé¢eH@AIGHe s glH.(ucorul |l oagtyusnt u r
S dopl as no dwieagfeaslciisuned as having been i s
I forests. The authors noted that t he
d the total (25 species) known fred al
avendd20 12a) al

vegetation of Madagaschig.15H)a ntgoedss £femiadam t rk
ur poses of the survey, coll ecting sites
) . Moi st sites included subhumid tropic
t
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s, and hnidgsh. eXeerviact isoint egsr aisnscllauded dry f C
ands. Both abundance and biodiversity o
t hat | arger s pica teyso sa fe | d a e ggld woshgntt eemism  (

ceweme more commonly associat ed Cwivtem dxeeari ic

demi nuwatnRiv umm | ) cwame commonl y assistoecsi.d®difeude ptaht eesyem
was the single most widespread species.

Numer ous groups of terrestrial organisms ar
in tropical forests. Based on the data on dic
guestion that they adhesevéemalt hma] csramaet tpampgtes
document more completely the species associ at
regions of the world that warrant more study.
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Amer i ccaa,, Adfmrd Sout heast Asia. Limited infor mat
but it is clearly insufficient to document th
of data is avail abl e f or cneonrttahgeer no fQ uneeew ssl paencdi,
far strongly suggests that additional surveys
6 .Bt udi es of dictyostelids in temperate forest

Serious studies of the distribution and occ!
begwinthh Kenneth Raper in the 1950s and contin
student James Cavende(f Cadwe&Rleg et 9.6 ®Bh5ea nfdi rbsety o
studied were in the general region of W scons
16A). I n a paper published Iin 1965, they prese
their relative abundance in nine -thapfer-emtapft
basswodwd,ckan&dyh,esdm—lpuitne,o&ﬂah'mt ercdoritnneer n har dwo o (
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and bottom hardwood) found in eastern North A
of samples (typically ten per collecting site
guestion). When these sampdiecst ywoesrtee | p rdosc ewsesreed
spechbiest y(lostel i,uHetrruoset @il dRagit ysalhloindyrm,i uaandvi o
Raperostel)i unmernel ncuothusm stently present and usua
Five othAcytspmtcékept,@§soemmmost el i ub dp cslcy,eDaehuan u
pur pur edunnd ghemodoacdlemmwmded to be se ndary com
t

cCo
of dictyostelids associated with he nine for

Numbers of species recorded for the nine fo
to all nine for miixelkkome.sophmhdarcs amfd oothdtrgpens r
(<50 clones/ g in boreal forests to >1,000 cl
significant aspect of this study is that it ¢
di fferences in their di sitfrfierueen coens piant ttehas ha
avail abl e tthoe tehrevm,r owninmehnt al parameters (type
the plants present, moi sture | evel, pH, and |
actually defining their habitat. P emadhraep sx esroinc
forestshiekgry)oagpeared to more favorable f ol
beemapl e) .

This single study served as the starting po
forest ecosystem as well as studies carried o
CaveldRamp@pPpebommentkRapdrhadt el apmeani adtuon di spl
of i ncreasing importance with increasing | at
dictyostelids is now well established.

Il n many respects, the changes that occur wi
to those associated with c¢chan@aewe (LdBe8iDmata tsutded
carried out in the Southern Appalachians of t
regions of temperate forests anywhere in the
di fferent forest type&30hab daBfeOdminTewekevati
dictyostelids, Aoyt astueblgil @wnbp enosipnepcrieevsi o(us | y k n
Ameri ca, and severRictunkemeoesni uimscod vaet reesd offr om
Coremiostelaillummaspotl lyeephly species | isted as ¢
North America that was not recorded in the st
most favorable habitats for dictyoste820@dsmwer
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in (OFred B. Temp coni forest in north ! C. Temperate deciduous forest in Germany
India (©Steve Stephenson) (©Dmytro Leontyev)

A. Temp
Paillet)

W

D. Landscape of the Great Smoky Mountains National Park in the E. Southern beech forest on the South Island of New F. Forest of the Victorian Alps in eastern Australia
United States (@Kevin Adams, hitps:/Awuw.kadamsphoto. cem) Zealand (©Steve Stephenson) (©Steve Stephenson)

G. Eucalyptus forest in southwestern Australia H. southern beech forest in the Alps of southwestern I. Deciduous forest in China (©Pu Liu)
(©Steve Stephenson) Argentina (©Steve Stephenson)

Figa6éhe habitat types in temperianel ddirreg ttse m
deci duous tfeonnmpeegtat € A)c,oni f(eBr)/,brtoeandd eeradt ef od eecsitd |
|l andscape (D), sout hern beech fEarcadtypt@&st (6)
southern beech forest (H), and deciduous fore

Il n any wearlier study <carriMidshBoddtask@B I he wi
determined the occurrence and distribution of
divided the state into ten regions on the basi
Samples for isolatiord ofn dildt @t eleigd ® nwer avhd
rain forest toweonédr edesedadehrcl admledny ost ¢ via
di sco,ibDdrewamr.oi @ebr anch@duvear,dDadesaorRiagpmr ost el i
mi nubath eghemdatce Riuanmy ost el i wans mulcer mode s wi de
abundant species. The eastern portion of the
and thus more moist conditions than the weste
with absol untief idceannstiltyi ehsi gshiegr i n t he eastern po

Caverkdearkhabhp@®mr)ovi ded the first data on t he
ctyostelids iHg.1l6Bhe Aotestab of L18AdiaaMmpl es w
X sites ranging in elevation from 100 to 2,
pes. The majority of the sites were in the
dua,tiwo were in southern India (130 N). The
ecies were identifi edos¥§h ¢Hnedoesrtovsalseul ni duanh tpl asl pl
Cavendauwi @o,sDi pegosteliumPompsphondgli, umandi ol
Raperomi audalwuemo represented signifi.Sanmt cobmpan
sites in cfooorle sttesmpyeredtdeed ei ght speci es, and
coll ecting sites in warm temperate forests.
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forest types, with cool temperate forests yie
520 cThemesame five core species dominated bot
pattern<Laamaragpa ¢ .as nRlopeyss phondylaitutnaivn ebd ralscieguine s
in warm tempbhbenlkmsd orpeisdissf eradbtuendl amad g i n coo
forests I n their paper, the authors included
t hen knd)wnllfaromhey al so commented that over al
| ower t ha anticipated, and the assembl age of
with the assemblage present in East Africa.
The first extensive study of dictyostelids
Cavernldeer9awvho coll ected samples for isolation

Ger many, Switzerl and, France, Spai n,FigR&)y t ugal
Only six species were recovered from these sa
t hat had been | isted Cave &eRsatpddront.5¢ige &t Yo Atmeelr ii
mucorwhades he most abundant species and the or
sitbhexstyostel wam wieaktac@aumbundanceD mundo rsaghiad ed
some col ldetemgp skltacdanp er ost el wemeavimde Uty um
di stributed but mu O.hmulceos DA adyatsogu eerptt a gebinadim m
Ti eghemost eweiruem ilsaocltaetuend only once.

The next extensive study of dicty@OBrnaubh,dsl9:

Traub et al.. 11n9 &lha,s 1s%8uldby), whi ch took place d
were collected from (1) the deciduous forest
intermedi ate elevations and (2) taredcpinnd efruwi
higher elevations in the Alps. Samples coll ec
tot al of sixteen speci eBi cwetrods aied d mtnd fag euds t € hic
f il ament&ystusmt e lciaump upheelsycr i bed ®HDs chgwst @l $ @ime ma
was found t o be t he over whel mi ng domi nant

Pol ysphondylankiapweirolsdd @ddmasno abundant in deci d
three species made up 87% of the c¢clones i so

Cavendareaandpelsycaepemcharacteristic of coni
pattern was for numbers of species to be high
| ower numbers in the coniferous foreststhecat
aut ho provided detailed descriptions of the
e various forest types in Switzerland.
93f, ourwesit ydy sites in deciduous, coni f
n, central, and western Ger maawe wekere
JWhen processed for dictyostelids, t hes
Dictyogeemahmowwam descri bed as new to scienc
Dictyosteliumndholcpysphodesgygl acekbonur Cpeemnesr i@
mi cr ospP.oapmibaitmpr i,c adtimdoenr ost el ) uonr ic@inmaldluyn des
Japan were recorded for the first time from
with conifero forests and ddcyi dduiofufserfenrte s tws
characterized by higher numbers of species an:
was comparable to those of Ohio/ West Virginia
Japan. The aubthbgess pgeecrdetdi o ms, and a key t
Ger many.

Studies of the distribution and occurrence |
IY@amhda etbuatl .welr9e6 9gr eat | y (eHxapga nwdaerda bly9 7Hla ¢
4 1978 ,f rldni 92, 9 7119 8Brbwar ds . Hagi war a, who a
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organi sms The collecting | ocalities were | oc
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papkglel) . This was especially true for dictyos
samples for isolation of dfcveostaetydarwasel o1
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l and mass of its size in the world, and the
this isolation. Prior to this study, the onl\
species lliocdtcald W tiwetiddnd yseven spE&Stiephemspoar te
199®n I i mted collecting carried out in the ¢

There have been few reports of dictyostelids from-tmopical regions of Australia. In an
unpublished M.Sc. thesiRobson(1978)reported eight different forms that were recovered from
samples collected in New South Wales, the Australian Capital Territory, and Queensland. These
consisted of an unknown form suggestive ©@bremiostelium polycephalynDictyostelium
purpureum a member of th®. mucoroidescomplex, Heterostelium pallidumPolysphondylium
violaceum Raperosteliumminutum a form similar toTieghemostelium lacteynand another
unknown form with brown pigmentation.

WhenLandolt et al.(2008)carried out their survey of the dictyostelids of Australia, primary
emphasis was on the tropical forests of northern Queensland, but samples also were collected in the
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Northern Territory, Tasmania, Victoria, and Western Australia. Most of the isolates recovered from
the 223 samples collected in the entire survey could be assigned to described species, with
Dictyostelium mucoroide#ieterostelium pallidunPolysphondyliunviolaceum andD. giganteum
represented by the most clones. However, as noted elsewhere in this section, this set of isolates also
yielded eight species new to science. One of these was from Victoria and another was from Western
Australia.

Landolt et al.(2009a) reported the results obtained from 100 samples collected in seven
collecting sites in Tasmania. All seven sites were located in southern beech forests. The samples
yielded 125 isolates, and the number of clones/g was 21. Four described species andrsvo oth
(Dictyosteliumsp. andHeterosteliumsp.) that appeared to represent species new to science were
represented among the 125 isolaf@istyostelium mucoroidewas the most abundant species and
made up almost half (47%) of all clones. Other species recordedHe&rsostelium pallidumD.
giganteum andCavenderisaureostipes

The large number of new species of dictyostelids recorded in the study mentioned above
strongly suggests that additional species new to science await discovery in Australia. Regions of the
country such as the Victorian Alps in New South Walkgg.(L6F) and the southwestern portion of
Western AustraliaKig. 16G) are largely covered by welleveloped and relatively little disturbed
forests in which suitable habitats for dictyostelids surely exist.

The temperate forest ecosystem type encompa

di ffer with respect to physiognomy, floristic
are among the most floristicaéstysdwivehstehall dr
hi story Rgméédamaam>0 0c6ar ri ed out the first exten
in the region during 2003 and 2004. Coll ectir
and particular focus was on evergreen forests
Sprmai and Portugal wer e processed for di ctyos
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known from the two countries.

The first study of the dictyostelids assoc

America was carrisedeautsampl 2805 orFostbyati on o
from five different provi nceasndnid esrirxa ndaetli ofmuwa
Primary focus was directed#6ig 16dwarhst abamphleene

coll ected in valdivian temperate rain forest
AraucafMha 47 samples yielded 1,079 clones, ar
sample from Tierra del Fuego yielded 8,650 c
recobDdedyostel i wmms muberoveesshel ming dominant,
83.5% of Dalclt yolsatreds umasiRihlags plcepdthylwemmne vn eoxl ta ci
i mportance. Seveec orfid atdhset(r s,pbed hemd Ctawmnder i a
fasci cubD.ogaregam D.uluenpt o s,oDnovpad idsd y i aafamy sphondyl |
pataggniweum new to sciWVedebl(2200ltl ) A sari dbeudl byof
the authors concluded that the assembl ages o
southern South America are more similar to th
assembl ages prfecsreenstt s no ft eNmpretrlratfemer i c a.

China and eastern North America (more speci
north temperate zone and are characterized by
each country, that -Warsst idawoyav Gtello & ir oam cteh ee XAtrecrt
|l atitudes of the Northern Hemi sphere. The occ
of vascular plants in the two countries (i.e.
has | ongdbeefROn2@dmpared the assemblages of di
and the United States. At the time this paper
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Cavende(1972)carried out the first study of dictyostelids of boreal forests when he investigated
the distribution and occurrence of these organisms in eastern Canada. Four Bpetyiestélium
mucoroides, Raperostelium minutum, Heterostelium palljdandP. violaceun were found to be
common in the soils of sprudi forest soils, withD. mucoroidesandR. minuturmasthe two main
dominants. Numbers of clones were exceedingly high (up to ca 20,000 clones/g) for some microsites
(presumably with very high densities of bacteria) on the forest floor. Other species recordbd were
discoideum, Tieghemostelium lactewandAcytostelium leptosomum

Later, Cavender(1978) extended his studies to Alaska, collecting samples for isolation of
dictyostelids in the boreal forests of the southeastern coastal region, interior Alaska, and in the Alaska
Range.Dictyostelium mucoroides/as the overwhelming dominant and was recorded for every
collecting site. Other species recorded from at least one sitamgiganteumD. sphaerocephalum
and Tieghemostelium lacteunThe samples also yielded a number of isolates that could not be
identified and one specieb . (septentrionalenew b science

Frgyen & Langvad (1984a, 1984b)rovided data on the distribution and occurrence of
dictyostelids in Norway (50° to 70° N). Sevestven samples for isolation of dictyostelids were
collected in from four different vegetation zones that ranged from mixed deciduous to alpine. Eleven
different species were recorded, but three of these could not be idebiftydsteliummucoroides
was the dominant species throughout, Witlysphondylium violaceuandCavenderiaaureostipes
less abundant overall but dominant subdominantin some colleting sties. Dictyostelium
fasciculatumRaperosteliunminutum Polysphondylium pallidurand an unidentifie®ictyostelium
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were ubiquitous but never dominant. The authors noted differences in abundance for some species
that seemed to be related to increasing latitude or the associated changes in vegetation.

Lo i .
- e e f—
A. Subalpine coniferous forest of the Northern B. Mixed coniferous/deciduous forest in Maine in the C. subalpine coniferous forest in the Rocky

Appalachians of the United States (©Steve Stephenson) United States (©Steve Stephenson) Mountains of the United States (©Cathy Cripps)

e

D. subalpine coniferous forest in the Himalayan Mountains of E. Tundra-like vegetation in a shallow valley at the F. Subarctic alpine tundra in Brooks Range in northern
India (@Lal Singh) southern tip of Argentina (©Ina Timling) Alaska in the United States (©€Martin Schnittler)

I. Alpine tundra in the Snowy Mountains of
eastern Australia (OSteve Stephenson)

G. Alpine tundra in the Himalayan Mountains of H. Herbfield on Macquarie Island in the subantarctic
India (©Lal Singh) (©Steve Stephenson)

Fi gdrieThe habitat types in bor
subal pine coniferous forest (A), omomeflecounsf e
(C), subalpine conlifleeovuegématison (D), tsmbamrc
tundrher(lGHi,el d (H), and alpine tundra (1)

eal foiemctd udndg
)

Kawabe(1995)obtained 77 samples of forest soil from collecting sites located between 56° and
68° N(Lappland, Dalarna, Uppland, SkaneSweden Thecollecting sites included four different
types of forests (oak/beech, pine, birch, and spruce). Only those forest types located at the highest
latitudes sampled would be considered as falling completely within the boreal forest zone. The
samples yielded total of 2,739 clones, and numbers of clones/g ranged between 13 to 118. Only
four species of dictyostelids were recovei@ittyostelium mucoroideggonsideredgenu latan this
study) was present in collecting sites, including the spruce forest typeg Whvas the only species
isolated. Dictyostelium purpureum Polysphondylium violaceumand Heterostelium pallidum
occurred much less frequently.

Romeralo et al(2010a)described two new species of dictyostelids from coniferous forests in
Alaska, oneDictyostelium ammophilupirom the Kobuk Valley National Park (67° N) and the other
(Heterosteliumborealg from the CaribotPoker Creek Research Watershed (65° N). Both were
ultimately recognized as species new to science on the basis of SSU rDNA sequence data. Other
species recorded from this study wdde mucoroidesand D. sphaerocephalunirom the first
sampling site along witRaperostelium minutugndD. mucoroidedrom the second sampling site
(Overking et al. 1999 andolt, unpub. data).
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Perrigo et al(2013)sampled for dictyostelids in high latitude (59° to 67° N) in northern Sweden.
Collecting sites ranged in elevation from 20 to 470 m and encompassed a number of different boreal
forest types, including those consisting of various admixtures of sprude, ot pine. Nine species
of dictyostelids were recorded, including two speciddictyostelium barbibulus and
Polysphondylium fuscapdescribed as new to scien@mly three of the nine specid’gperostelium
minutum D. mucoroidesandP. fuscanswere peviously known from SwedeiThe relatively low
number of species recorded provided additional evidence of the pattern of decreasing biodiversity of
dictyostelids with increasing latitude. This study was one of the first to use SSU rDNA sequences for
accurate species identificationdittyostelids.

The subalpine expression of the boreal for
mountain ranges that extend southward into th
tropics. When Cavender carrscdi atudad awistulr vtetye o\
that occur in t(CavRA8e3r) hBMounthudsed some sampl
spr-ice forests o f(FigtliG®@ . Rocky Mountains

Soi l popul ations of dictyostelids were foun
Rocky Mountain forests than in eastern decidu
and habitats sampled, fjiumagt udpogderdeatpiamaubsg
Of these habitats, alll of which exi$irakoneg, a
mo s t humi d of the forest zones in this relat
popul A&tmoss. all sit@®s cwgromudcdo mandeplladlyocephal
Since Rocky Mountain soils are exposed to se

appear to be the most tolerant of the dictyos
with widely wvarying c¢ontduidé otnys o soéf @ tneoni werd isior riedh lai n
only rare species discovered.

I n his survey of the distribution and occur
sites were i nfisrubfadrpd sntes sipm utclkee Hi mal ayan Mo
t

extensive areas of this t yagRg. 1@aD) .of ubir edsitf foecrceunrt
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recovered from these sampl es, & € d v e&hldaecknieaannp an L
1986)

Spr#ice forests are | imited to a few of wver
Sout hern A9tpapa&iha mdisd.8i7nvesti gated the dictyo
this geographically restricted forest type. T
Virginia, North Carolina, and the Great S mo k
recover e®ol psphondylanidn cuiymlsa ced u manc Wri rsecd i idre ua
l ocalities Numbers of c¢clones were very | ow (
spr-ice forest |l ocated at 2,030 m.

Those examples of boreal forests that have
of dictyostelids, which suggests that the bi
ecosystem. However, there Amer ivastarmsd rAedicah ewh
dictyostelids have yet to be carried out. The
expression of boreal forests that occupies hi
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As mentioned earlier i n this paper, it coul
in the Southern Henhiiskpeh evr¢egeliHpbteicoomos ti b umnfde as h ¢
of the Alps at the very tip of southern Argen:
pl aces in the higher mountains of the Souther

There have been relatively few studies of
Northern Hemi sphere where tundra eRistygositCalvi
mucor anbbes haer ocferpohna | wient tundra in extreme n

samples from which they were isol atDegdi gyiin tduend
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was isolated from samples collected from subal

areas of subarctic alpine tundr aad&ig.é7/mHf.ound i n

Il n a | ater stwudy carried out in tCavRandley
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7. Mol ecul ar studies of dictyostelids and the ¢

Dictyosteledsegareedows model organi sms for
they are also ideal organisms for studying fu
(EichingerFien& edle.i | iROOP® 0 @l o e MataH av azrOalj3aah et
Moreover, dictyostelidsaalt eonomanssédefvensass modld
soci al (eHaodeulte o€@bsabn 290A&InNneRRO0&AHebaed ,200al
Annesl ey ,Punmalet 28654pe2028) numbers depend on t
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in such things as tructur e, or( tephandohhé&i
2017)

Il n this paper, we provide a historical- revi
based approaches to those based on mol ecul at
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data obtained from modern molecular methods w
Dictyostelids were divided into four groups
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Coremi ogsHeed iiwanHae¢ & r o sRapemums Rebit umsSmeeliaonst el i
SynstEBilegme mwerel fumal |l y (c®mhdiik meagdt 1 anl .2023B1 8)

7.Mol ecul arremuadmnesspecies sequencing to the n
As compared to studies of their morphology,

nearly a cent ur y(Fig. Mpol tlei ccutl yaors tpehlyil dosg ehnayd i t s beg
focus on ondPi cothyeo sd ed d ifaedsl &eocgoiind.eL B 2) c o mp |
nucl eoti de sequeb.cediods thasteebgenn ¢ fro b otslbeanal RNA
for the fi(McCarmelin e1hy8 8.9 ein®E8 30c. rdei |l satobi hodnasuhm
considered to be a member of the Protista) e
Ani mal i a, and Fungi()Havweergea waax .peltd hael d molne8d59)I8&dr p
trees of cytochr ome b Dadids cSaSilkl eraRnbAs esru gtgoe sgtreede r
ani mals and(Aongagtaiaeat T@ABScdhMNHPO rpte Dendmecacicde
was publi gtked himg200®2t al. 2005)

Duringoashe f esyvmdleeaulear phyl ogeny has i ndi
mor phol ogi cal taxonomy u@G®&wamo®ondeicd ighlstetd 0 2ls.
Singh et.SahaapgO$éparated dictyostelids into
phyl ogepar alkli @lg smal | g uShSanalt pthuablud s omh&@kah BN 5 ed
al . .20T0h6e) nucl eoti de sequences of the ribosom:

and the 5.8S ribosomal DNA gene were shown to
(Romer al o .etDuael .t o200h7ea)gener al ly sl owStly DaWAo |l v i
sequences fail to resolve the majority of ©bra
of I TS r DNA sequences combined with SSU r DNA
(Romeralo etLatewuwO0OS®bMows reveal-2up porttoetda |l me
groups, thus extRondeirnag (dt0Hed aYdlndi nlgse iohcreasin
data avahiel abhR&i13Bgarib.i ned mol ecul ar and mor phol
maj or realignment of dictyostelids from the <c
di stinguished morphologically (on the basis

patteon)l2 gener a, fourorn ami lbiaens sfamd 1880 r RNde |
signatures

Molecular studies

Focusedon only one species chtyos.’e/iumdiscoideuml
& (Olsen and Sogin 1982)
- 1 d

1965

=Complete nucleotide sequence ofthe gene for the D. discoideum(SSU rRNA) ST
1983 '
o Phylogenetic relationships of D. discoideumand Eukar/otesI

1985
D discoideumcloserto plants | |

" 1995

Complete genome sequence of D d/scmdeum

ichinger et al. 2005)
72005

\lelfelglel[eTe[ (IS T[N Traditional morphological taxonomy flawed (sheikn et al 2015, Singh et al 2016, Swanson et al. 2002)

Separated four groups using parallel SSU rRNA and alpha-tubulin,
72006 L
_ ITSTDNA and the 5.8S ribosomal DNA distinguish dlctyostellds IRoraralo st all20072)
72007
Revealed eightwell-supported major groups, | &

2011
@_opose newclassificationsystem .
® 1(Sheikh etal. 2018)
2018

2gawa, et al. 1985)

1995)

FigaBé&n overview of molecular studies of dict
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Fromat time, this new classifi cCatviemmehddeb:
family CavenderAayxtecaeRe s$tihuemagdé e @ mo $s neltihiem f am
Acytosteliaceae; the families Cavenderiaceae
geneTTiaeghemosiagi wamRapar osaedSipeme ositne | it lnra f am
Raperostel i aRieatey oanitel |l igsnpdmandy lhieumami |l y Dicty
families Raperosteliaceae and Dict@gwmrsd mil d satceslal
in the order Dictyosteliales; and the orders
Synstiend ituhme cl ass Dictyostel i o(nBhceeitkehs ,éotd| a lehte =
al . ,Re@OdmMt yev .elelsael da2@lPpyovided a new insight
and, as a resudat iodn,t ht wo nfeavmiclliass, fni ne gene
recognized at the |Howedyv eorf, stpheicsi ense wa ncdl avsasriifeit:

for the dictyosaedi dsfiatmspelceephyleogénetic g
eukaryotes on theAbblhsesL adnttpd\s IWitn aadyyaswidds0dleOn e
2020)These positions also have been confirmed
and a mol ecul ar phwlbadge myt abbalsl @dnpdra SaSIUp raRNA, |
| TS + SSU (BNWNAngenestchabhp 2®R02n0kr al606t al . 2
201,3%bei kh eSimgh QRu&KIserz2®kleatt shoul2dlde- note
phyl ogeny of six proteins (Agl, AmdA, Pur D, Pl
a more robust @diByxlhodearey etthad .SQW0W19)

hal |l ehgésoflagttylostm!l i ds

smal | subunit ribosomal DNA - &S&d r DINADN y
i n ePtacel , 309O0F¥B& amp ,Wangalet 20IT.BER2DEIAX) gene
es for the structur al RNA component of
ostelids, and its seqguence has been wuse
auf ,Scthaap e2R0U0RIE er 2@ 0Bh eiakh @MolwBl et 28118
ar eSSnduenmpu eorucses of dictyostelids availa
rent sequences with a same species name
rHalg9i8wla rr&c HLad@a8BMP e.t AKAd me xADPYdnrman speci es ¢
have been delimited by methoddlRogneranodo ,ehylad
Kawak&Hre gi war,RomReér0a8l o eatndals.one0 1wlebr)e di ver genc
out by | at grHaigd ematrOafthid®a8t9iyver e speci es that had
synonymous with laantoarhe r bi eslgere ¢hii @évieetdbyets e s equenc
l i sted wnderr nare@&e oBhadnak alFas e exampBaek BSE@&gmen
AM168104. 10Hestheoruolsdt elPeN G h0 a | bHsetteeardo safel PUNBO P al |
(Schaap ehtecaaluse200h6e) i kalt at er NG 6 @l iWfaisvead a mi
Hagi waran ® 0t0OlBe sequence AMlaB@hUé Hreadbbuladh SDI @
pap(eShei kh et al. 2018)

I n contemporary bioinformatic approaches, e
taxonomic (cadamtagxeéer et Evaén _r&OR2dt)i vely conser
mor phol oglacalslpyecsiemi shoul d have obviously d i
phyl ogenHptwieq etrSdJe .sequences of dictyostelids
di stinguish speci @®d3 cityosdmd iggénnat a 20@QR) as

On the other hand, some sequeerhyd Dgetnteen ct laa

d
z
k

1

dictyostelid taxonomy, including I'TS and the
@t)Y(IRomer al o ,etuaét , 200 780 1L8kHO welv2e2g,t pleT SR aa rcdh
has been | imited with the relevant gene datab
cannot be widely wused for all species of dic
constructing a phwlaggenyeeild tar e@S hweilksha heotc oaalls. e

Herpe atmeaeavdFig 19odi ctyosteli d chavoact baded h®as s

new classification wi tbhy SRe igkemegtaPdbwima0d By , pr
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of dictyostelids could be diisstrianigtuitsrheeed coonul lyd
identifying dictyostelids tonthdigenerca,| dvalt

into three categories in which polar granul e:
considered to show the relationships amnmo2ng t
genera in new classification can be clearly d
1. Polar granules (PG) Dictyosteliales
®rc: Dictyosteliaceae

Dictyostelium

QLLE

~ . .
2. Spore shape Polysphonﬂtzﬁ.\

L . 30
@ Ellipsoid to reniform QC///

SO

@ Gilobose or subglobose {:%jg

9
3. Aggregation \
| )
Streaming 7;\#\/4 Synstelium

Minor streaming 'fs"‘ﬁ%f
L Speleostelium

R
® Mounds 7, \

4. Stalk architecture / Heterostelium
Tieghemostelium
Cellular ‘?g;’ Acytostelium
3 I Rostrostelium
Uncellular / )
//// Raperosteliym Hagiwaraea
Raperosteliaceae Acytosteliaceae

Figu®Phyl ogenetic tree of genera of dictyost e

8 Chemical compounds from dictyostelids

Il n 1999, dictyostelids were chosen by the N

new -mammal i an model organism for biomedical r e
the research carried out i n numerous | abs as
human pa(tMaonlioagky 2@ &%k organisms are known to
functions and have been increasingly involved
better understanding of many (HlPemarediesdmday,2
the organisms currently Rinotwyo g toe Isiciuse nataoers < id dhek
to be an excellent model organism for the st
unicellul ar and (nkilk uccheil INnatlk @af$ihlimiaf@ed & yeet h da | t. h €2 (
similarities in structure of its cells and ma
of c-amseeciated ge(@WarGomruzladtelz Mabkldgardj2dh et

Both the identification and taxonomy of d
mor phol ogi cal <characters of the sorocarp, alt
al most indi( Schagpi =% akkil & h(2@W1¢86)plp.osed a new cl
based on monophyletic entities with consister
classification, dictyostelids were placed int
|l atest clatsesmfasatthe nt axyonomic framework, the
the chemical components and pharmacol ogi cal €
dictyostelidw (Ppresented belo
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Dictyostelium

D. discoideum
Coremiosteliwm / D. brefeldianum
C. polycephalum S e 74 D. giganteum
‘D’C""’s’e”"’i"/ D. mucoroides

Dictyosteliaceae B e D. implicatum
PonsphondyE”; ) Diiclating
_______ =y //\ D. globisporum
- R e = P . D. purpureun
B - olysphondylium
Dictyosteli ﬁc ) - =~ y34p dy D. sphaerocephalum
S S M Raperostefum P. violaceum e
——————— - D. magnum
—q D. culliculosum
Hagiwaraea ;
SR L | (e RaperOSteh“nl D. multicellularium
Raperosteliaceae | —— = R. tenue

_ = L
Tleghemoslellum ) " D. roridum
= R. minutum D. cespitosum

D. membranosum
Tieghemostelium D. homostipes
D. semiprostratum
D. recurvusbasicus

- ynstellum

Acy ;
Acytosteliales
Cavenderiaceae

T. lacteum

Heterostelium

H. filamentosum
H. pallidum

H. pseudocandidum
H. candidum

H. tenuissimum

Cavenderia

C. fasciculata

C. multistipes
Figag&ummamdi ctyspeei esd tEommowhdshhavikotiehers i s
figure also depicts the phylogenetic relation
new classification system proposed by Shei kh

8. Met abolites of dictyostelids

Dictyostelids represent a taxon consisting of almost 200 described species. Among the
compounds that have isolated from the approximately 31 species that have been investigated are the
differentiationinducing factor and its derivative@ikuchi et al. 2008 Kubohara et al. 2013
Kuwayama & Kubohara 2016¢hlorobenzofurariKikuchi et al. 2013) acrasin(Barkley 1969 de
Wit & Konijn 1983), fatty acids and phosphoric acid compou¢®to & Ochiai 1996, 1998, 1999)
enzymegFreeze & Etchison 1984ohn & Stephen 1986%accharideg¢Ceccarini &Filosa 1965
Mereyala et al. 2004)and volatilegWei et al. 2021)Fig. 21). These compounds have important
biological activities and pharmacological effects such as inhibiting the proliferation, migration, and
metastasis of osteosarcoma cells, inhibiting the proliferation of breast cancdi otdlgka et al.
2019) and treating leukemi@ubohara et al. 1993Chemical compounds from members of the

genus Dictyostelium Di ct y o 8 6 e lointem o f the | argest gener a
appreciable number of species isolated in the
i sol at ed. More than 100 compounds have been

DictyostleHaeasuen are mainly aromatic compounds
|l i pids that have related structures, nazsy meesl |
(Table D .

The fact that D.hedinmotdeedd e nusend f or t he s
functions (e.g., signal transduction, <cell mo
yedrBxr et schnei,desqeitt alRdniddllpa 2W0ilry €3t wmdl. t €r0 168t
2018ndoubtedly accounts for the high proport
Di f fer @ mtdiuatiingn factors DDI#isgawietheumdegens iree

ophi

stal k cell(MMorfifies et Bliah -DodFHAaKhIfFigd2RFearl i p I i c
mol ecul es (chl ori nbat edli sadl dBiydk epunme @ b n etll )JFh 29 0b ¢ e
ident i-f 8-¢glc ads, @l &y ddrmex yh o x y p h elroynle), hwehx a&rh i s t he
DI F, so-lthat nBhBmodapehdeeal $§ yd@lald ud ie fsif res rtyair ttki @
DI-B (@ hl-Dfrdd hy ddmexyh-phkegnyl Jl-omekams the initia
process dff edlkFlown and i s muc-bel esdi aB(tMarereitd ad
al. ,GeR&8n et. alfThe 2008grcedt d h é&if rsdtw@ctitkn @t n o b i
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Dictyostelium dist cDIi BeadDm¥>-3DKEboh&r &u&hi 201
Dictyodistobhmaheumeen found to contain a high |
of f

(Davi d & Kaomrdn sle9v6e3raa) |l of these are uniqgue
met hyilnetneer r upt ed doubl e bonds present i-hemsest
mut abDt df shasdbeen demonstrated to synthesize
exogenous, | abel ed Dpvedaof ok Kdhaoy méné8dglle 4

pentylddedBizelne((MEBD) issecandary metabolite produ
synt hase, which regul at es cDel Idiasgtgbtuedgaatt an pent aanl
Kondo et. allh.e 20Wmo9 Br,dsugars, furano((ig@24d waeeA a
i solated from a methanol exDradt sobTléiemmuelt
structures were elucidated by spectral means,
asymmetric syntheseg (@i kfuucrhain.dédtikaft mOi&)0A) A ed t
derivatives of amino sugars dicty@gkducosamine

[ Categorles of compounds ]

Aromatic compounds | Fatty acids and lipids Acrasins Enzymes Saccharides Volatiles
|

Differentiation inducing factor Adenosine Acetylcholinesterase Alkanes

Brefelamide Follc acid B-N-Acetylglucosaminase Terpenes

Xenene compounds Pterin Methyltransferase Ketones

il

Chlorinated benzofurans Esters

Cellobiohydrolases

MPBD Phenols

Ppc -1 Indoles

Pt-1-5 / Aldehydes

Figuhi€akegories of compounds obtained from di

The cell obiohydrolases CelDiAt(ybdkit@dIli @And dwas:s
consists of a catalytic domaiimdiamg dokhsd BdogtyC B
et al . 2IOd 6 nonl yNeascoentayll gé nmd@sami ni dase (EC
veget ati De delsic®hiidsé uhmy dr oN-ayzetsy Itchhel t ibi osy | I
asparlaignkneed ol i(gforsa€xana& sde€y884yr AMP -KodAWMP) |

extracellular signal mol ecul (eGeersisseanht i atll td ld.ra sk
strong effect on the aggregation of vegetat:i:
(BonneBohf@ &b et al. 1970)

A new aromatic (Agn2daeb bbeéel ambobdat ed from me
soroc®dipgs yostel i umbbr gf eg¢hbditasousnt ruct ure was d:¢
met hods, incliidiam@ MMRKS karcdi et | al .aAdNE000155a))n ,
obtained a total of 40 fatty acid signalR.ur es

gigantdbhm main fatty acid signatures were 18:
15: 0 ANTEI SO, 16: 1 w6c/ 16:1 w7c, and 14: 0 3O0OH

Ki kuchO®@®6s)oalat ed a novel-matrmpaetntcy |cliogdpzaeinned ,
(MPB®BIy.23) r bm t he s.romwac@npaiobhessenasathtttitpe ol i f e
activities of MPBD, FDs, and-60Gslen2l0sltbhmainn é & u
tot al of 24 fattDy amouicdrandeéabherensai hrdmtty aci
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EBOO<

14: 00, 18: 1 w6

g =
o

17: 0 c o, 18: 00,
cont e of 68. 25 %.
eoxptlr.act ed t he cel | obDiochyydorsaled sieu nmD ppL
compound, composed of a catalytic
adati on prMactesisa 2 0 Ratdk dailyzoetdi cg ecneol m e
enme fPy-B metshyl transferase named D
f 10 fatty aci dDisd¢ tgynad e leisc adat andne t e
acid signatures were 16:Di0Ogt yials tOdI, i
d a total of 16 fatty acid signatu
cycl o, 15: O i so, 12: 00, with a tot
i w9yco.st el i umvag!| ofboousnds pooumave a t ot
fand yt me i daisi gnatures were 16: 00,
of 64. 4%. The charactdémi s2tDilc2) yast gl i
oc¢le.phcarlaudds i anaPnar mu |l |,D.c umwlistuimcDe | Irw/ba rdiuumm
me mimr ayDas thm m®st iseens pa o@.t rraetcuumr had ba st o
main fatty acid signatures. Among the m
16: 00, 18: 00, 17:0 cycl o, 15:1 w6c, 16
c 1 w7c, with a envéwt Thaegt hgeér b mt 6829
cont enlt4 :vwelr,e 16 :(0An a2n0dl 51)8 : 00

y c |
nt

OO0
N R ¢))
» > —I—o
T +~NO0O -
~+cCc >T>OT
"o S0 Q9
D —® O
oﬂr*w"‘m*

nw >ToSQ "ot
~OMNT QOQ *"TSP,POKD>D
RPOAT DO P>OD
“m~Ng T8
o — -
- (]

SRPOOWVWOWVRERELOZIZ
O PTODODT O "N —TO

(00}

Tabli€hEmi cal compounds obtaiDiedt yo.®melmemimer s
Dictyostelid Chemical compounds References
Di ¢t y o siscedeumu Differentiation inducing (Davidoff & Ko
factors (DIF) 1964, Bonner 1
DIF-1, DIF-2, DIF-3, Etchison 1984;
Differanisole A (DA), DIF 2001 X 2005a, 2
1(+1),DIF-1(3M), EtDIF-1, B2 nat el @ 'h 2
Bu-DIF-1, DIF3(+1), DIF 3 8 2 g : gg conalse
3(3M), EtDIF-3, Bu-DIF-3, ’ ’
DIF-3(-1), THDIF-1, TM-DIF- 2015, Du et ‘al
1(Fig. 22) Shi mada etwguygler
al. 2015, Ol ad
MPBD Dubois et al
4-Methyl-5-pentylbenzend,3 &1 . 2016, Kawa
diol (MPBD) (Fig. 23) 2016, Kuwayama
_ 2016, Mur at a e
Fatty acids Arioka et al.
Me t h ytetradegenoate, al . 2017, Furu
Me t h y-tetradécefoate, Kondo et aTet &
Methyl palmitoleate, Methytiss €t al, . | 202k et
andtrans-b 9-hexadecenoa, Kuwayama et al

Methyl transU ,-heexadecenoate
Me t h y-dctadecenoate,

Me t h y-dctaddcerfinate,

Me t h-hiydroxpmyristate,
Me t h-hiydroxppalmitate,
Me t h-hydroxpstearate,
Acetate1-C'* Hexanoatel-C!,
Octanoatel-C'#, Pelargonatd-
C!4, Decanoatd-C!, Laurate
1-C* Myristate 1-C4,
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Dictyostelid

Chemical compounds References

Palmitatel- C4, Margaratel-
C'4 Stearatel-C'* StearateC'4,
16:00, 14:00, 17:0 cyclo, 12:00
20:0, 16:0 30H, 19:00, 14:00,
18:1 20H, 15:1 iso G, 18:1 w9«

Phospholipids

Heptanoic Pelargonic, Hexanoi
Octanoic Pelargonic Decanoic,
Heptanoic Octanoic Pelargonic
Heptanoic, Octanoic, Heptanoi
Pelargonic, Azelaic Pimelic,
Undecanedioic Azelaic Suberic
Pimelic, Succinic Glutaric,
Adipic Succinic Glutaric

Lipid Proteins
LdpA, Net4
Saccharides

Furanodictine A, Furanodictine
B, Dictyoglucosamine A,
Dictyoglucosamine BFig. 24)

Cellobiohydrolases
Cel7A (DdiCel7A)
Acetylglucosaminase

Endob-N-
acetylglucosaminidase

Acrasin
Adenosine
Cyclic AMP

D. brefeldianum

Brefelamide (Fig. 25) Bai

et) al

20:

D. giganteum

Brefelamide (Fig. 25) (An
Fatty acids

18:1 w9c, 16:00, 17:0 cyclo,
15:0is0, 17:0 ANTEISO, 15:0
ANTEISO, 16:1w6c/16:1 w7c,
14:0 30H/16:1iso |, 13:0 iso
30H

2Bai

et) al

D. mucoroides

MPBD (An

4-Methyl-5-pentylbenzend 3
diol (MPBD) (Fig. 23)

Fatty acids

Ra&ando

ef)
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Dictyostelid

Chemical compounds References

18:1 w9c, 16:00, 17:0 cyclo,
18:00, 14:00, 18:1 w6c|18:1
w7c, 16:1 wbc/16:1 w7c, 14:0
30H/16:1iso I, 10:00, 17:00,

16:0 ANTEISO
D. implicatum Fatty acids (An 2012
16:00, 14:00, 17:0 cyclo, 19:0
cyclo w8c
D. clavatum Fatty acids (An 20122015)
16:00, 14:00, 17:0 cyclo, 15:0
iso, 12:00, 17:1 ANTEISOw9c,
15:0 iso 30H,18:00, 16:0 iso,
18:1 w9c
D. globisporum Fatty acids (An 20122015)
16:00, 10:030H, 17:0 cyclo,
12:00, 10:00, 18:1 20H, 17:00,
17:1 w7c, 19:00
D. purpureum Methyltransferase ( Mot ohashi et
DesmethylDIF-1(Dp dmta) €t 2@l 2016)
Cellobiohydrolases
Cel7A (DpuCel7A)
D. sphaerocephalum Fatty acids An 32p1
18:1 w9c, 16:00, 17:0 cyclo,
18:00, 14:00, 16:1 w6c|16:1
w7c, 14:0 30H/16:1 iso |
D. crassicaule Fatty acids (An 32p1
18:1 w9c, 16:00, 17:0 cyclo,
18:00, 15:1 w6c14:00, 18:1
w6c|18:1 w7c, 16:1 wbc/16:1
w7c,14:0 30H/16:1 iso I, 18:
20H, 13:0iso 30H, 11:0 iso
D. magnum Fatty acids An 2p1
18:1 w9c, 16:00, 17:0 cyclo,
18:00, 15:1 weéc, 14:00, 18:0
ANTE/18:2 w6, 9c
D. culliculosum Fatty acids An 2p1

10:030H, 18:1 w9c, 16:00,
17:0 cyclo, 18:00, 15:1 wéc,
14:00, 15:0 iso, 15:0 ANTEISO
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Dictyostelid

Chemical compounds

References

18:1 w6c|18:1 w7c, 16:1
w6c/16:1 w7c, 16:0 20H, 20: 4
w6,9,12,15c¢

D. multicellularium

Fatty acids
18:1 w9c, 16:00, 17:0 cyclo,

18:00, 14:00, 18:1 w6c|18:1
w7c,12:0 30H, 16:1 w9c

(An

3P 1

D. roridum

Fatty acids

18:1 w9c, 16:00, 12:0 20H,
12:0 30H, 18:00, 18:1 wé6c|18:.
w7c, 16:1 w6c/16:1 w7c

(An

3P 1

D. cespitosum

Fatty acids

16:00, 12:0 20H, 17:0 cyclo,
12:0 30H, 18:00, 15:1 wéc,
14:00, 18:1 w6c|18:1 w7d6:1
w6c/16:1 w7c, 14:0 30H/16:1
iso |

(An

3P 1

D. membranosum

Fatty acids

18:1 w9c, 16:00, 18:00, 14:00,
18:1 w6c|18:1 w7c, 16:1
w6c/16:1 w7c

(An

3P 1

D. homostipes

Fatty acids

18:1 w9c, 16:00, 17:0 cyclo,
16:1 w6c/16:1 w7c, 14:0
30H/16:1 iso 1,19:0 cyclo w8c,
11:0iso 30H 13:0 20H, 18:1

w9c

(An

3P 1

D. semiprostratum

Fatty acids

18:1 w9c, 16:00, 14:00, 18:00,
18:1 w6c|18:1 w7c, 16:1
w6c/16:1 w7c, 14:0 30H/16:1
iso |

(An

3P 1

D. recurvusbasicus

Fatty acids

16:00, 18:00, 14:00, 18:1
w6c|18:1 w7c, 16:1 wbc/16:1
w7c

(An

3P 1
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OH O OH O OH © OH O OH O
cl ol C|:©\/kA/\ ol o ol
MeO OH MeO OH MeO OH MeO MeO OH
cl cl cl cl

DIF-1 DIF-2 DIF-3 Differanisole A (DA) DIF-1(+1)
OH O OH O OH O OH O OH O
c cl Gl C'W C'W
-0 OH MeO oOH "0 OH MeQ OH MeO OH
Cl Cl Cl
Et-DIF-1 DIF-1(3m) Bu-DIF-1 DIF-3(3M) DIF-3(+1)
OH O OH O OH O OH O OMeO
cl ijb\/\ C:C(L/v cl cl
0 OH 0 OH MeO OH HO OH MeO OMe
Cl Cl
Et-DIF-3 Bu-DIF-3 DIF-3(-1) TH-DIF-1 TM-DIF-1

Figure 2271 Structures of DIF and its derivatiyubohara& Kikuchi 2019)

HO CH,

CH,
OH

MPBD

Figure 231 Structures of MPBD (Kondo et al. 2019).

R
HO" OH
CHy(CHe O *
@)
Furanodictine A (15): 2a Dictyoglucosamine A (17): R = CH,CH(CHs),
B (16): 2B B (18): R = CH,CHj,

Figure 241 Structures of furanodictines and dictyoglucosam{iésuchi 2007)
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A HO OH B HO Me
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Figure 2571 Structures of Brefelamide (A) and the synthesized brefelamide derivatheEs B2 et
al. 2019)
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Figure 271 Structures oXenene compound&ikuchi et al. 2012)
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Figure 281 Structures of Folic acid and derivativgle Wit& Konijn 1983)
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