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Abstract. Recent molecular studies have clarified the phylogenetic relations within the family Reticulariaceae
(Myxomycetes, Myxogastrea), allowing to reconstruct the ways of the morphological evolution within the family. We
conclude, that the general tendency of the sporophore evolution in Reficulariaceae was the transformation of the
stalked forms to the sessile ones, followed by the development of the metameric sporophores, called pseudoacthalia
and aethalia, from the separate sporocarps. The common ancestor of the family was similar to Alwisia lloydiae having
stalked sporocarps and tubular capillitium. At least four evolutionary lineages originated form this ancestor: 1) Alwisia —
Tubifera, 2) Alwisia — Rigidotubula (and probably Siphoptychium), 3) Alwisia — (Lycogala) — Thecotubifera,
4) Alwisia — Lycogala — Reticularia. In each of these branches, the processes like a loss of stalks, transition from
spherical to elongated sporothecae, transformation of solitary sporocarps to grouped ones, a loss of capillitium and
formation of pseudocapillitium, have occurred independently. Therefore, the type of the fruiting body, and presence of
capillitium or pseudocapillitium, cannot be considered as sufficient criteria for separating myxomycete genera.
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Myxogastrea, or Myxomycetes, are the group of ameboid
eukaryotes, able to produce macroscopic fruiting bodies
of complicate structure. Within the group, five orders
and about twelve families are traditionally recognized,
among which the family Reticulariaceae is characterized
by the absence of true capillitium and pseudoaethaliate
or acthaliate structure of the fruiting bodies (Nannenga-
Bremekamp, 1991; Neubert et al., 1993; Lado, Pando,
1997; Ing, 1999; Poulain et al., 2011).

The traditional understanding of the taxonomical
structure and discriminative features of Reticulariaceae
was reconsidered in our recent study, based on the
18S rDNA phylogeny (Leontyev et al., 2014a; 2014b;
2015). The family, with a few exceptions, appeared
to be a monophyletic taxon, subdivided to at least
six clusters, which corresponds to the genera Alwisia
Berk. & Broome, Lycogala Adans., Reticularia
Bull., Tubifera G.F. Gmel., Rigidotubula ad int. and
Thecotubifera ad int., among which Alwisia was re-
erected (Leontyev et al., 2014a; 2014b), and two last
names are to be published as new to science. One more
genus, the recently re-erected Siphoptychium Rostaf.,
was united with Reficulariaceae based on morphological
data (Leontyev, 2015).

The genera Reficularia and Tubifera, species
Alwisia bombarda Berk. & Broome, Lycogala
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epidendrum (L.) Fr., Tubifera ferruginosa (Batsch) J.F.
Gmel., and 7. dictyoderma Nann.-Bremek. &
Loer. in their traditional understanding appeared
to be polyphyletic. A revision of these taxa, based
on morphological and molecular data, allowed to
describe 9 new species: Alwisia lloydiae Leontyev,
S.L. Stephenson et Schnittler, A. morula G. Moreno,
Leontyev, D.W. Mitch., S.L. Stephenson, C. Rojas &
Schnittler, A. repens Leontyev, Schnittler, G. Moreno,
S.L. Stephenson, D.W. Mitchell & C. Rojas,
Tubifera applanata Leontyev & Fefelov, T. corymbosa
Leontyeyv, Schnittler, S.L. Stephenson & L.M. Walker,
T. dudkae (Leontyev & G. Moreno) Leontyev,
Moreno & Schnittler, 7. magna Leontyev, Schnittler,
S.L. Stephenson & T. Kryvomaz, T. montana Leontyey,
Schnittler & S.L. Stephenson, 7. pseudomicrosperma
Leontyev, Schnittler & S.L. Stephenson, and two
subspecies: T. ferruginosa subsp. ferruginosa Leontyey,
Schnittler & S.L. Stephenson and T. ferruginosa subsp.
acutissima Leontyev, Schnittler & S.L. Stephenson
(Leontyev et al., 2014a; 2014b; 2015). Two more species
(Rigidotubula reticulata ad int., R. violacea ad int.)
and one new combination (Thecotubifera dictyoderma
ad int., comb. nov. pro Tubifera dictyoderma Nann.-
Bremek. & Loer.) are prepared for the publication.

The species of Reticularia which have warty spores
with olive, golden-yellow or brown pigmentation
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Fig. 2. Evolution of the sporophore in Reticulariaceae. The genealogy of taxa corresponds to the current understanding
of the phylogeny of the group (see Fig. 1). Bars indicate the most important evolutionary changes. Dotted arrows show
the alternative evolutionary scenarios. Gray filling unites the members of the same genus.

ISSN 0372-4123. Ukr. Bot. J., 2016, 73(2)



(R. liceoides, R. olivacea, R. aurea, R. rubiginosa,
R. simulans) on the basis of obtained data were excluded
from the family Reticulariaceae. The first two species
were removed to Cribrariaceae, with the simultaneous
re-erection of the genus Licaethalium Rostaf. (Leontyev
etal., 2015).

The current understanding of the phylogeny of
Reticulariaceae, based on these data, is shown in Fig. 1.

The results obtained have allowed to look at the
morphological diversity of Reticulariaceae from a new
point. In contrast to the traditional understanding, the
family appeared to include species with stalked and
sessile sporocarps (Alwisia lloydiae, A. repens, A. morula),
pseudoaethalia with the entire cortex (Thecotubifera
dictyoderma) and pseudoaethalia, composed of spherical
sporothecae (Tubifera dudkae). The true capillitium was
found to be rather common structure within the family,
being developed in Alwisia, Lycogala and Siphoptychium,
while the threads, described in sporocarps of Tubifera
(Nannenga-Bremekamp, 1991; Neubert et al., 1993),
appeared to be fungal hyphae, feeding with the spores,
but not a capillitium (Leontyev et al., 2015).

New knowledge about the phylogeny of the
group, together with a deeper understanding of its
morphological variability, givesusachance tounderstand
how the structure of these organisms was changed in the
process of evolution. In a response to this possibility,
we composed a concept which describes regularities of
the evolutionary changes of the sporophore structure in
Reticulariaceae (Fig. 2).

According to the 18S rDNA phylogeny (Fig. 1),
the basis of the evolutionary tree of the Reticulariaceae
is formed by the genus Alwisia. This correlates with
its morphological features, among which the type
of sporophore is of greatest importance. It is proven
that the primary type of myxomycetes sporophore is
the stalked sporocarp: such fructifications are typical
for all sister groups of myxomycetes (Dictyodtelia,
Ceratiomyxales, Protostelia s. 1.), and also for the
FEchinosteliales, the order which is believed to be closest
to the last common ancestor of myxomycetes (Fiore-
Donno et al., 2005; 2008; 2012). Within Lucisporidia
(the bright-spored myxomycetes), the basal position is
occupied by the Cribrariaceae, most of which also have
stalked sporocarps. Finally, this is the only type of the
fruiting body known in all the orders of Myxogastrea.
Therefore, the presence of this structure makes Alwisia
the best candidate for the role of the last common
ancestor of Reticulariaceae.
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The next plesiomorphic character of Alwisia is the
presence of a well-developed capillitium, resembling
that of another bright-spored myxomycetes,
Dianemataceae and Trichiaeceae. This similarity
supports a hypothesis that the presence of capillitium
is the basal characteristic for the Reticularaceae and for
the Lucisporodia in general.

Among species of Alwisia, two are characterized
by well developed, free stalks, and another two
(A. bombarda, A. lloydiae) — by the presence of
capillitium (A. morula, A. lloydiae). There is only one
known species, which unites both plesiomorphies lost
by most of Reticulariaceae, the A. lloydiae, which we
consider as the closest to the last common ancestor
of the family. It is noteworthy that this species occurs
in the Australian continent and in Tasmania, the well
known refuges of a relict biota.

From the basal form, related with A. lloydiae, at
least three evolutionary lineages have originated. First
of them is represented by the vector A. lloydiae —
A. morula — A. repens, in which the sporothecae lose
the capillitium (A. morula) and their stalks become
procumbent (A. repens). We suppose that this lineage
has continued in the genera Tubifera, Rigidotubula,
and probably Siphoptychium. Simultaneously to the
loss of capillitium and stalks, the spore dissemination
type changed from the active way, with the help of
capillitium, to the passive one, using rain drops and/or
insects.

Another vector is formed by species which did not
lose the capillitium but grouped their sporothecae in a
common confluent stalk (4. bombarda). Sporothecae
became thinner, as it happens in all Reticulariaceae with
tightly grouped sporothecae (see below).

Finally, the third lineage joins Alwisia with
the phylogenetic cluster, which unites Lycogala,
Thecotubifera and Reticularia. The consequence of
branching of this contemporary genera from Alwisia-like
ancestor is not yet clear; however, taking into account
the attribution of sporophores of Lycogala to the free
sporocarps (Leontyev et al., 2014c), this genus appears
to be the most «archaic» representative of the group.
This is noteworthy that among Lycogala, Thecotubifera
and Reticularia, the only first genus has the tubular
capillitium, close in its morphology, ultrastructure and
ontogenesis to that of Alwisia.

The lineage which binds A. lloydiae with the genus
Tubifera, is divided to two subclades that we call «small-
spored» and <«large-spored» (Leontyev et al., 2015).
First of them includes the species of Tubifera with the
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spores less than 6.5 pm diam., mostly annulate and non-
iridescent peridium, flattened apices of sporothecae
and a dull pigmentation of the young sporophores.
Another subclade consists of the species with the spores
larger than 6.5 pm, mostly iridescent peridium, covered
with wavy folds, the convex apices of sporothecae and
bright pigmentation of immature sporophores. These
two subclades within Tubifera must have a common
ancestor. It probably had spherical sporothecae, found
in its evolutionary predecessor, A. repens. However, in
contrast with the last one, common ancestor of Tubifera
should have a spongy hypothallus, which is absent in all
Alwisia, but well developed in both subclades of Tubifera.
The structure, which meets these requirements, occurs
in T. dudkae which belongs to the «large-spored» clade.

All other species of the «large-spored» clade
(T. ferruginosa, T. magna, T. montana) have cylindrical
sporothecae, the presence of which seems to be the usual
result of the accretion of sporothecae in Reticulariaceae.

Independently, the transformation of spherical
sporothecae to cylindrical ones took place in the
«small-spored» clade. However, in this case we know
contemporary species which retained both types of
sporothecae: T. corymbosa, in which all cylindrical and
spherical sporothecae are seated on spongy hypothallus,
and 7. dimorphotheca, in which spherical sporothecae
are situated on the lateral surface of the hypothallic
stalk, while cylindrical ones occupy its top. The
reduction of spherical sporothecae in 7. dimorphotheca
could produce the forms similar to 7. microsperma and
T. pseudomicrosperma.

The formation of the hypothallic stalk, characteristic
to T. dimorphotheca and T. microsperma, correlates
with the decreasing of the size of pseudoaethalium.
This suggests that the recovery of the stalks, completely
lost in the previous stages of Tubifera evolution, was
caused by the partial return to the strategy of the stalked
sporocarp, because the distribution using the rain drops
and insects is effective only in large fruiting bodies
(Schnittler, 2002).

The point of divergence, which led to the formation
of T. applanata within the «small-spored» clade,
remains unclear. This species is the only member of the
subcluster, which have large, sessile pseudoaethalia with
closely accreted prismatic sporothecae. Its origin from
an ancestor, common with 7. corymbosa, 1ooks the most
«parsimonic» scenario: it needs only the loss of spherical
sporothecae, while any other hypotheses claim for the
reduction of hypothallic stalk. Molecular data support
the origination of 7. applanata and T. corymbosa from
the common ancestor.

182

Sporophores of the genera Rigidotubula and
Siphoptychium represent a further development of
tubiferoid pseudoaethalia with prismatic sporothecae,
which have got the cartilaginous peridium and
columella. With the appearance of these structures, the
Rigidotubula can be casily derived from 7. applanata.
However, the molecular data do not support this simple
scenario and show that Rigidotubula has branched
from the trunk of Tubifera even before the last one was
subdivided on «small-» and «large-spored» clades, and
therefore, before Tubifera formed pseudoaethalia with
cylindrical sporothecae. It means that Rigidotubula
should has gone all the way from the heap of spherical
sporothecae to the pseudoaethalium, composed of
prismatic ones, independently from Tubifera. This is a
prominent example of parallel evolution.

The absence of molecular data about the phylogenetic
relations of the genus Siphoptychium does not allow to
determine its position in our evolutionary scheme.
However, the complex of morphological features, like
a prismatic sporothecae, cartilaginous peridium and
well developed columella, puts this genus close to
Rigidotubula. On the other hand, it should be noted
that the most important feature of Siphoptychium is
the branching of columella and the presence of the
perforations at the places where columella merges the
peridium. Both of these features bring Siphoptychium
close to Alwisia (the last one does not have columella,
but its capillitial threads have a similar structure
and ornamentation with the branches of columella
in Siphoptychium). Therefore, Siphoptychium may
represent a separate lineage of pseudoaethaliate forms
that comes directly from Alwisia-like ancestor.

The Lycogala inherited from Alwisia its tubular
capillitium, but not the stalk. Its sessile sporocarps
are the most probable predecessors of the aethalia
known in Reticularia. The stage, intermediate between
grouped sporocarps and aethalium, is known within this
lineage only in Thecotubifera, where the fruiting body
consists of prismatic sporothecae which form together
an entire, indivisible cortex. This allows to imagine a
simple evolutionary scenario, such as: Lycogala (sessile
sporocarps) — Thecotubifera (pseudoaethalia) —
Reticularia (acthalia). However, at least one reason
does not allow to support this hypothesis. Peculiarities
of the spores in Th. dictyoderma, such as very large
meshes with high borders, separate this species from all
another Reticulariaceae, while in Reticularia the spore
ornamentationistypical forthe family (small mesheswith
relatively low borders). It is unlikely that the ancestors of
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Reticularia once lost a typical ornamentation, and then
developed it again. Moreover, the species of Reficularia
with well-developed pseudocapillitium (R. splendens,
R. jurana) show the remnants of confluence of spherical,
bag-shaped or vermicular sporothecae, but not straight
and prismatic ones, like those in Thecotubifera. Thus,
much preferable is the scenario of independent origin of
Reticularia and Thecotubifera from a common ancestor,
that had a rudimentary pseudoaethalia (such a form is
yet unknown) or sporocarps (Lycogala). A link between
Lycogala and Reticularia can represent R. lobata, since
the latter, according to our assumption, has not acthalia,
but spherical sporocarps, that form the primitive
pseudoaethalia. This corresponds to the characters of
pseudoaethaliate ancestor of aethaliate Reficularia,
because, as noted above, it probably did not have
cylindrical sporothecae. The structure of sporophores
in R. lobata is very close to L. epidendrum and differs
from the latter only by lack of tubular capillitium, the
loss of which took place here independently from the
vector Alwisia — Tubifera.

The abovementioned discussion allows to make
several conclusions:

1. The general tendency of the morphological
evolution in Reficulariaceae is the transformation
of the stalked forms to the sessile ones, followed
by the formation of pseudoacthalia and aethalia.
Simultaneously, the spore dissemination type was
changed from the active way with the help of capillitium
to the passive one, through rain and insects.

2. The common ancestor of the family had stalked
sporocarps with well-developed tubular capillitium and
was similar in structure to Alwisia lloydiae. This ancestral
form produced at least four evolutionary lineages: 1)
Alwisia — Tubifera, 2) Alwisia — Rigidotubula (and
Siphoptychium, if it does not form a separate branch),
3) Alwisia — (Lycogala) — Thecotubifera, 4) Alwisia —
Lycogala — Reticularia lobata — acthalial species of
Reticularia.

3. The evolution of the fruiting bodies in
Reticulariaceae is characterized by the parallelism.
Processes like a loss of stalks, transition from spherical
to elongated sporothecae, transformation of sporocarps
to pseudoaethalia and aethalia, loss of capillitium
and formation of pseudocapillitium have occurred
repeatedly. Therefore, the morphological similarity
of the fruiting bodies does not necessarily indicate the
affinity of species. A type of the fruiting body cannot be
considered as a sufficient criterion for the separation of
the genera in myxomycetes.
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XapkiBchKa Jiep:KaBHa 300BeTepruHapHa akajaeMis, Kadenpa
bioTexHoJIoTiT

ByJ1. AKanemiuna, 1, Mana JanwniBka, XapkiB, 62341,
Ykpaina

MoseKynsapHO-TeHeTUYHI JOCTiKEHHS TTPOSICHIIIN (hijloTe-
HETUYHI BIITHOCUHU MiX TaKCOHAMU poauHu Reticulariaceae
(Myxomycetes, Myxogastrea), HajaJll 3MOTY PEKOHCTPYlOBa-
TH IJIIXU MOP(OJIOTIYHOI eBOJIIOLIT IIOTO TaKCOHA. 3TiTHO
3 OJlepKaHMMM JTaHUMU 3arajibHOI TEHJIEHILIIEI0 eBOJIIOLT
cniopodopiB y Reticulariaceae € TpanchopmMmallis ctedenbyac-
TUX GOPM y CUSUI, sTKA CYTIPOBOIKYBaIacst POpMyBaHHSIM 3
BiJIbHUX CITOPOKApITiB METAMEPHMX TIJIOJAOBUX TiJl — IICEBAO-
eTaiiB Ta etaniiB. CriJibHUIA MPeaoK POAUHU OyB MOAIOHUI
o cydacHoi Alwisia lloydiae i MaB cTeGeIpUACTI CTIOPOKAPIIU
Ta TpyO4YacTMit Kamiminiii. Bix 1boro nmpenka 3anoyarkoBaHi
NMpUHAMHI YOTUPHU (iNloreHeTUYHi JiHil: Alwisia — Tubif-
era; Alwisia — Rigidotubula (ta, itmoBipHO, Siphoptychium);
Alwisia — (Lycogala) — Thecotubifera; Alwisia — Lycogala
— Reticularia. Y KOXHiii i3 IMX JIiHi/ He3a71eXXHO BinOyBasu-
cs1 TaKi €BOJIIOLLIMHI MpoLiecH, SIK BTpaTa HiXKOK, Mepexia Bil
chepUUHUX 10 UMJIIHAPUYHUX CIIOPOTEK i BiJi OTMHOUYHUX J10
3rpyIoBaHUX CIIOPOKAPIiB, BTpaTa Karijiliio Ta popMyBaH-
HSI TICEBIOKAMIiIIi0. 3BaXKarouM Ha 1, TUIT TUIOZOBOTO Tijia
Ta HasBHICTb KalliJlillilo abo ICeBIOKaMiIilil0 He MOXYTh
po3mIsiAaTucs SIK BUpIilaAbHI KpUTEpii A1 pO3MEXyBaHHS
pomiB MiKCOMILIETIB.

Kmouosi ciiosa: 18S p/IHK, eraniii, kaniniuiii, napanesnizm,
(dinoreHis, nceBmoeTatiii, MCeBIOKAITLTIIIN, OpHAMEHTALIisT
CIop, CIIOPOKapIl, CIopoTeKa.

Jleontnes JI.B. DBomonus cnopodopa y Reticulariaceae
(Myxomycetes). — Ykp. 60taH. xypH. — 2016. —73(2): 178—184.
XapbKOBCKasl TOCY1apCTBEHHAsI 300BETepUHAPHAs
akageMusi, Kadeapa OMOTEXHOJOTUU

yi1. Akagemuydeckas, 1, Manas JlanuinoBka, XapbKoB,
62341, Yxpauna

MoneKyaapHO-TeHETUUECKE WCCICIOBAaHUS TPOSCHUIN
(bunoreHeTHYECKME B3aMMOOTHOIIEHUSI MEXIY TaKCOHAMM
ceMeiictBa Reticulariaceae (Myxomycetes, Myxogastrea), naB
BO3MOXHOCTh PEKOHCTPYHPOBATh IyTH MOP(MOIOTUICCKOM
3BOJIIOLIMY 3TOT0 TaKcoHa. CorjiacHO MOJy4eHHbIM TaHHbBIM,
o01Ieli TeHASHIIMEe! B 3BoJIIoLMu criopodopa Reticulariaceae
SBJISIETCS TpaHCHOpMALUSI CTeOeTbUaThIX (POPM B CUISUNE,
COIMPOBOXIABIAsICS (DOPMUPOBAHMEM U3 CBOOOIHBIX CIO-
POKapIioB MEeTaMEePHBIX TUIOMOBBIX TeJl — IICEBIO3TAINEB U
sranueB. OO TIpeIoK ceMeicTBa OB OJIM30K K COBpE-
MeHHoU Alwisia lloydiae; o nmen ctedeapbyaTbie CIOpoKap-
bl ¥ TpyOUaThIii Kanwiuiuii. OT 3Toro npeaka oepyT Ha-
4ajo, 1o KpaiftHell Mepe, YeThIpe PUIOTeHETUICCKIUE TMHIN:
Alwisia — Tubifera; Alwisia — Rigidotubula (v, BeposSITHO,
Siphoptychium); Alwisia — (Lycogala) — Thecotubifera; Al-
wisia — Lycogala — Reticularia. B KaXmoit U3 3TUX JIMHUIMA
HE3aBMCUMO MPOUCXOAUIN TaKKe 3BOJIOLMOHHBIE MPOLEC-
ChI, KaK TOTepsT HOXEK, Mepexo OT chepruIecKux CIopo-
TeK K HMWIMHAPUYECKUM M OT OAWHOYHBIX CIIOPOKAPIIOB K
CTPYNINUPOBAHHBIM, MTOTEPS KAMUJUTUIUS U (DOPMUPOBAHUE
TICEeBIOKANMLIULINS. B CBSI3UM ¢ 9TMM TUII TUIOAOBOTO Tea, a
TakKe HaJIu4Iue KalWITULKS W TICEBIOKATTMIUIAIINS HEe MO-
I'YT pacCMaTPUBAThCS B KAYECTBE PEIIAIOIIMX KPUTEPUEB IS
pasrpaHU4YeHUsI POJIOB MUKCOMMUIIETOB.

Komouessie ciosa: 18S p/IHK, stanuii, KanuianuLuii,
Tapajuiesiu3M, (prIoreHusl, rMceBIo3TaINIA,
[ICEBIOKANMUINLIAI, OPHAMEHTALIMS CIIOP, CIIOPOKAPII,
CITOpOTEKa.

HOBI BUJAHHA

Savchenko K.G., Wasser S.P., Heluta V.P., Nevo E. Smut fungi of Israel (Biodiversity of Cyanoprocaryotes, Algae
and Fungi of Israel) / Institute of Evolution and Faculty of Natural Sciences, University of Haifa, Isracl. — Koeltz
Scientific Books, 2015. — 160 p.

The book covers smut fungi (Ustilaginomycetes p.p., Exobasidiomycetes p.p., and Microbotryales) of Israel. A total
of 73 species in 15 genera are described. Three genera (Macalpinomyces, Melanustilospora and Schizonella) are new
records for Israel. The book is divided into two main parts: General Part providing data regarding environmental
conditions of Israel, morphology of smut fungi, materials and methods, historical studies, as well as the analysis of
species composition of smut fungi in Israel; Special Part (taxonomic part) providing information regarding detailed
macro- and micromorphological descriptions, distribution in Israel, general distribution, and notes.

Bunmanus oxorutoe caxkosi rpudu (Ustilaginomycetes p.p., Exobasidiomycetes p.p. i Microbotryales) 13paimio.
Onucano 73 Buau 3 15 ponis, Tpu poau (Macalpinomyces, Melanustilospora i Schizonella) € HOBUMU ISt
I3paimto. KHnra ckiramaeTbes 3 IBOX OCHOBHUX YAaCTUH. 3arajibHa MiCTUTH BiTOMOCTI ITPO CTaH HaBKOJUIITHHOTO
cepenoBulla KpaiHu, MOpGOJIOTio CaXKKOBUX Ipu0iB, aHaIi3 iX BUIOBOTO cKilany B I3paini, MaTepiaau Ta MeTOIHU,
icTOpito JOCHimKeHb UX rpubiB. Y creliadbHill (TAKCOHOMIUHII) YacTUHI MOoHOrpadii HaBOOUTHCS JIeTabHa
iHdopMallisi Mpo Makpo- Ta MiKpoMOp®OJIOTiio BUIIB Ca)KKOBUX IPUOiB, iXHE MOLIMPEHHS B [3paimi Ta CBIiTi,
MOJAHO TAKOX MPUMITKH.
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