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ABSTRACT

Two species of Syncephalis were found during a survey of zygomycetes fungi in Taiwan. Syncephalis collaris is described

as new in uniquely forming a collar-like structure beneath the apical vesicle when aged. Syncephalis intermedia is newly

recorded in Taiwan. Both species are described and illustrated.
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Introduction

The genus Syncephalis Tiegh. & G. Le Monn. is
a member of Piptocephalidaceae (Zoopagales,
Zoopagomycotina), containing obligate hausto-
rial mycoparasites mostly growing on Mucoro-
mycotina and Mortierellomycotina fungi. They
are usually isolated from soil or dung of herbi-
vores and small rodents. Syncephalis is charac-
terized by forming straight or recurved sporan-
giophores with basal rhizoids and terminal vesi-
cles that bear cylindrical, simple or branched
merosporangia with one to several merospores.
The merosporangia are initially dry, but mero-
spores are released into droplets of fluid when
mature (Benny and Smith, 2018; Ho and Benny,
2008). Up to date, sixty-five accepted species
have been described (Lazarus et al. 2017) and
thirteen—S. cornu van Tieghem & Le Monnier,
S. clavata HM Ho et Benny, S. depressa van
Tieghem & Le Monnier, S. formosana HM Ho et
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Benny, S. nodosa Van Tieghem, S. obconica In-
doh, S. obliqgua HM Ho et Benny, S. parvula
Gruhn, S. pyriformis SC Chuang, HM Ho &
Benny, S. sphaerica van Tieghem, S. tenuis
Thaxter, S. cf. ventricosa van Tieghem, and S.
vivipara Mehrotra & Prasad—have been found
in Taiwan (Ho, 2000, 2001, 2002, 2003; Ho and
Benny, 2007, 2008; Ho and Chen, 2013; Benny
etal., 2016 ).

In this study, soil and dung samples were col-
lected from country road sides, forests, houses,
national parks and arboretums in Taiwan. Among
the isolated Syncephalis species, S. collaris was
found from soil and is described as a new species,
and S. intermedia Van Tieghem was found from

rat dung and is newly recorded in Taiwan.
Materials and Methods
Isolation and purification of fungi

Species of Syncephalis were isolated from soil or
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dung. Soil samples were collected from the road-
sides, forests, national parks and school campus,
brought back to laboratory in plastic bags. Two
to three milligrams of soil particles were placed
on the surface of 1.7 % corn meal agar (Becton
Dickinson) plates. For the dung samples, dung of
herbivores, small omnivorous rodents or am-
phibians were collected from forests, national
parks, school campuses and houses, and then car-
ried back to the laboratory in clean containers.
Each sample was placed on moist filter paper in
a Petri dish. The plates were left on a bench at
room temperature, incubated for nearly one week,
and then observed using a dissecting microscope.
Sporangiophores of Syncephalis along with its
host were transferred to a fresh corn meal agar
plate and incubated at 24 C.

Light microscopy (LM)

Materials to be observed were selected under a
stereomicroscope and mounted in a drop of tap
water or lactic acid-cotton blue (cotton blue, 0.5
g; 90% lactic acid, 1 L) as the mounting media
(Kurihara et al., 2000). Specimen observation
was carried out with a Leitz DMRB light micro-
scope equipped with differential interference
contrast optics (DIC) and photographed by using
Leica DFC420 charge coupled device (CCD).

Scanning electron microscopy (SEM)

Pertinent specimens were selected using a dis-
secting microscope, fixed for 1 h with 2.5% glu-
taraldehyde in distilled water, then washed with
distilled water and dehydrated in a graded ace-
tone series. Specimen were dried in a critical
point dryer, coated with gold and observed with
a Hitachi S-520 scanning electron microscope at
20 KV (Ho and Benny, 2008).

Identification

Identification of species was based on morpho-
logical characters of sporangiophore, merospo-
rangium, spore no. per merosporangium, spore
size and shape, and followed the keys of Zycha
et al. (1969) and Ho and Benny (2007).

Taxonomy

Syncephalis collaris H. M. Ho, C. J. Liu & G. L.

Benny, sp. nov. Fig. 1A-F

MycoBank MB 816123

Diagnosis. This is the only species forming col-
lar-like structure beneath apical vesicle when
aged.

Typification. TAIWAN. New Taipei City, Tu-
cheng District, Heping Rd., bamboo farmland,
parasitizing Mortierella sp. from soil, 22 Feb
2015, Liu, C.J. SNTTa (TNMF F29288 HOLO-
TYPE), living culture deposited at BCRC
FU30580.

Etymology. For the collar-like structure beneath
vesicle in age.

Vegetative hyphae slender, 1 um wide, growing
over the host hyphae. Sporangiophores simple,
erect, solitary, arising from media, 190.5-404.5
um high, 5-14.5 um wide at the base, tapering
upwards 2.5-7 um wide below apical fertile ves-
icles. Rhizoids branched dichotomously once or
twice, with several septa. Fertile vesicles
spherical, 12-20.5 pm diam, bearing cylindrical
merosporangia on the upper two-thirds of vesicle
surface. In age, a collar-like structure appearing
on the base of vesicle. Merosporangia cylindrical,

17-24 x 1.5-2.5 pum, containing 5—6 merospores,
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Fig. 1. Syncephalis collaris SNTTTBPb. A. Three young

sporangiophores showing rhizoids, globose vesicles and
nearly mature merosporangia on vesicles. B. Young mero-
sporangia. C. Basal rhizoid. D. A terminal vesicle after
merosporangia dropping and with collar-like structure be-
neath. E. Cylindrical merospores. F. Two merospores. A,
B, E by LM; C, D, F by SEM. Bars in A =50 um; B, E =
20 pm; C=10 um; D, F =5 pm.

detached when mature, leaving inconspicuous
scars on vesicle. Merospores cylindrical, smooth,
rounded at both ends, 4-6.5 x3-3.5 um. Zygo-
spores not observed. Host Mortierella sp.

Other specimens examined. TAIWAN: Chiayi
County, Alishan National Scenic Area, from soil,
Oct 2013, isolated by Liu, C.J. SCANSAg, living
culture deposited at BCRC FU30579); Chiayi

County, Alishan National Scenic Area, from soil,
Oct 2013, isolated by Liu, C.J. SCANSAc; Yunlin
County, Xiyuan, from soil, Feb 2014, isolated by
Liu, C.J. SYXEF; New Taipei City, Wulai, from
soil, Apr 2014, isolated by Liu, C.J. SNTW; New
Taipei City, Danlan Trail, from soil, Dec 2014,
isolated by Liu, C.J. SNTDT; New Taipei City,
Tucheng, farmland, from soil, Feb 2015, isolated
by Liu, C.J. SNTTF; New Taipei City, Tucheng,
Tung Blossom Park, from soil, Feb 2015, iso-
lated by Liu, C.J. SNTTTBPa; New Taipei City,
Tucheng, Tung Blossom Park, from soil, Feb
2015, isolated by Liu, C.J. SNTTTBPb.

Notes. The distinctive character of S. collaris is
the spherical vesicle and collar-like structure
forming beneath vesicle in age. Syncephalis col-
laris is similar to S. bispora Raciborski, S. par-
vula U. Gruhn and S. sphaerica Van Tieghem in
having spherical vesicles, simple, erect merospo-
rangiophores and multi-spored, unbranching
merosporangia. However, S. bispora differs in
having longer merosporangiophores (400-600
um), larger vesicles (40-50 um diam) and with
two-spored merosporangia (Raciborski, 1909).
Syncephalis parvula differs in having shorter
merosporangiophores (30-56.3 um ), smaller
vesicles (10-17.5 um diam) and merosporangia
containing less merospores (2-4)(Gruhn and
Petzold, 1991; Ho, 2002). Syncephalis sphaerica
differs in having longer merosporangiophores
(420720 um), wider vesicles (40 um diam), and,
after merospores detached, leaving prominent
warts on vesicles (Indoh, 1962; Ho, 2001).
Meanwhile, all these three species mentioned
above lack a collar-like structure formed below
the vesicle in age. In addition, Lazarus et al.
(2017) conducted a phylogenetic analysis of Syn-
cephalis species, showing that the type culture
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Fig. 2. Syncephalis intermedia DTSTM. A. Two sporan-

giophores with nearly mature merosporangia. B. Nearly
mature merosporangia. C. Branching merosporangia. D.
Cylindrical merospores and heart-shape basal cells (ar-

rows). E. A terminal vesicle showing prominent scars after

merosporangia dropping. F. Stout rhizoid with branches. G.

A basal cell. H. Cylindrical merospores. I. Merospores en-
veloped with merosporangia wall remnant. A-D, F, H by
LM; E, G, I by SEM. Bars in A =200 um; B = 50 um; C,
D,F,H=20um; E=10 pm; G,I=5 pum.

SNTTa and the other isolate SNTTF clustered in
one monophyletic clade. In conclusion, no de-
scribed species of Syncephalis resembles S. col-
laris, which therefore is described as new.

Syncephalis intermedia Van Tieghem, Annales
Sciences Naturelles, Botanique, series 6, 1: 127.
1875. Fig. 2. Al

Vegetative hyphae slender, 1 um wide, growing
over the host hyphae. Sporangiophores erect,
arising from media or on host hyphae, 381-740
um high, slightly swollen at base, 24-43 pum
wide, tapering upwards and 14.5-24 um wide
near vesicle. Rhizoids branched, with several
septa and sometimes firmly grasping host myce-
lia. Fertile vesicles obovate, 41.5-68 x 24.5-44

um diam, bearing merosporangia on the upper
one-half of the vesicle. Merosporangia simple or
dichotomously branched into symmetrical or
slightly asymmetrical fork-shaped, branches cy-
lindrical, 43.0-54.5 x 1.5-3 pum, containing 5-8
spores; basal cells cordate; detached when ma-
ture, leaving prominent scars on vesicle. Mero-
spores cylindrical, often enveloped with trans-
parent, wrinkled merosporangial wall remnants,
6-7.5 x 2.5-3 um. Zygospores not observed.
Host Mucor sp.

Specimens examined. TAIWAN: New Taipei
City, Beitou, from rat dung, Feb 2015, isolated
by Ho, H.M. DTSTM; New Taipei City, Xindian,
from rat dung, Mar 2015, Isolated by Ho, H.M.
DNTXa; New Taipei City, Xindian, from rat
dung, Mar 2015, isolated by Ho, H.M. DNTXb;
New Taipei City, Xindian, from rat dung, Apr
2015, isolated by Ho, H.M. DNTXd.

Notes. Syncephalis intermedia resembles S.
asymmetrica Van Tiegh. & Le Monn., S. cordata
Van Tiegh. & Le Monn., S. formosana, and S.
ramosa Van Tiegh. in having straight sporangio-
phores, V-shaped branching merosporangia, and
heart-shaped basal cells. Syncephalis asymme-
trica differs from S. intermedia by having longer
sporangiophores (up to 1 mm) and less mero-
spores (up to 7) in a merosporangium as opposed
to up to 12 in S. intermedia (Zycha et al., 1969;
Indoh, 1962). Syncephalis cordata is different by
having longer sporangiophores (up to 3 mm)
(Zycha et al., 1969). Syncephalis formosana is
different by having larger merospores 13-15(-17)
X 5-6 um and longer sporangiophores 700—790
um (Ho and Benny, 2007). Syncephalis ramosa
is different by having merospores with variable
size and shape (Van Tieghem, 1875).
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Key to the species of Syncephalis known in Taiwan

1. Sporangiophores curved Up t0 270 ......oouiiiiiieiiiisieieee e S. cornu
1. Sporangiophores StrAIZRL........cccviiiiiiiii i 2
2. Sporangiophores with annual nodes, merosporangia branched ...........ccccocceviiiiiniinnnne S. nodosa
2. Sporangiophores not with annual NOAES ..........c.cooviiiiiiiii e 3
3. Collar-like structure appearing beneath fertile vesicle when aged .............ccoveviiiiiennne, S. collaris
3. No collar-like structure appearing When aged...........oivviiiiiiiriiiieiiiie e 4

4. Fertile vesicles indistinct, club-shaped; merosporangia branched, born on top of vesicle; mero-

SPOTES AOLIITOTII ... S. clavata

4. Fertile VESICIES ISINCE .....viiiiiiiiiiiie ittt ettt ettt sbe e s s e e sbe e s sneenbeesnbeeniee s 5

5. Merosporangia born obliquely on vesicle, merosporangia simple, containing 6 spores ....S. obliqua
5. Merosporangia born on vesicles N0t @S @DOVE........cccvviiieiiiiiiiiriieieesre e 6
6. Fertile vesicles PYIifOrmi........cociiiiiiiiiiicic s S. pyriformis

6. Fertile vesiCles NOt PYTIIOTIMN ... ..iiiiiiiiiiiie ittt e e snbee e 7

7. Fertile vesicles MmOTe OF 1€8S ZlODOSE.........oiviiiiiiiiiiiie e 8
7. Fertile vesicles 0bOVOId t0 ODCIAVALE .........ceeriiiiiiiiiiee e 9
8. Sporangiophores more than 200 pm high ..........ccoooiiiiiiii S. sphaerica

8. Sporangiophores less than 200 pm high.........ccocooiiiiii e 10

9. MEroSPOTANZIA STMPLE .....eeuviiiiiiieiieee ettt r e s 11
9. Merosporangia branChed..........c.uoiiiiiiiiiiii e 12
10. Sporangiophores more than 80 pwm high; vesicle in base...........c.cccoovvviiiieennn. S. cf. ventricosa
10. Sporangiophores less than 80 pm high; no vesicle in base..........c.ccoevrviiiiiiiiiicnnns S. parvula
11. Merosporangia 2-spored, the upper one budding from the basal one.............c.cccceevirrnnee. S. tenuis

11. Merosporangia 3—4-spored, merospores germinating while merosporangia still attached to the ves-

1 To] (OO OPRTTPRP PP SPPRTOTPRN S. vivipara

12. Fertile vesicles apex truncate; merosporangia arise in a circle on the upper edge of the vesicle

.................................................................................................................................................. 13

12. Fertile vesicles apex convex; merosporangia formed over the upper portion of the vesicle........
.................................................................................................................................................. 14

13. Merosporangia initially grow horizontally and then produce several vertical branches..................
........................................................................................................................................ S. depressa

13. Merosporangia grow more or less vertically, with a single branch .............ccccceeeen S. obconica
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14. Merosporangia 4—5-spored, merospores cylindrical, 13—15 x 5—6 pm .................. S. formosana
14. Merosporangia 5—8-spored, merospores cylindrical, 6—7.5 x 2.5-3 pm ................ S. intermedia
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