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ABSTRACT

ARTICLE HISTORY

Male and female thalli of a mid-Cretaceous fungus attached to a thrip Received: 21-10-2021
(Thysanoptera) in Burmese amber are described as Philothysanus Revised: 19-11-2021
burmanicus gen. et sp. nov. in the family Spheciophilaceae (Ascomycota). Accepted: 10-12-2021
Both spermatia and ascospores are present. Currently, Philothysanus

burmanicus gen. et sp. nov., together with the previously described KEYWORDS
Spheciophilia adercia Poinar, represent the oldest known ectoparasitic fossil fungus

fungi of insects and their age can be used as a reference point in future Thysanoptera

phylogenetic studies on the origin of fungi with this life style.

Early Cretaceous
Burmese amber

Introduction

Ectoparasitic fungi developing on the
cuticle of insects are typically members
of the Laboulbeniales (Tavares, 1985;
Benjamin, 1973; Thaxter, 1895, 1926;
Perreau et al.,, 2021). They obtain
nourishment by producing haustoria that
enter the cuticle of the host through their
embedded holdfasts. They are regarded
as commensals, with most causing little
or no noticeable damage to their hosts,
although some appear to be pathogenic
(Haelewaters et al., 2021).

In the mid-Cretaceous, similar types of
entomogenous  ectoparasitic ~ fungi
existed.

One recently described in Burmese amber
was Spheciophilia adercia Poinar
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(Spheciophilaceae) that was developing
on the cuticle of a parasitic wasp (Poinar,
2016).

Another is Philothysanus burmanicus sp.
et gen. nov., that is described in the
present paper. The thalli of this fungus
are attached to a thrip (Thysanoptera). It
is the second member of the family
Spheciophilaceae in Burmese amber.
These two species currently represent the
oldest known ectoparasitic fungi of
insects.

Materials and methods

The thysanopteran fossil was obtained in
2002 from the Noije Bum Summit Site
mine in the Hukawng Valley located
southwest of Maingkhwan in Kachin
State (26°20°N, 96°36°E) in Myanmar.
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Palynomorphs obtained from the amber
beds where the fossil piece originated
have been assigned to the Upper Albian
of the Early Cretaceous (100-110 mya)
(Cruickshank & Ko, 2003; Shi et al.,
2012). Nuclear magnetic resonance
(NMR) spectra of amber samples taken
from the same locality as the fossil
indicated an araucarian  (possibly
Agathis) source of the amber (Poinar et
al., 2007).

Observations, drawings, and photographs
were made with a Nikon SMZ-10R
stereoscopic microscope and Nikon
Optiphot compound microscope with
magnifications up to 800X. Helicon
Focus Pro X64 was used to stack photos
for better depth of field. Views at various
levels of the male and female thalli were
clarified in Adobe Photoshop CS 5.1
using a range of multichannel settings.

Several variously sized thalli occur on the
tip of the abdomen of the thrip. Some of
these thalli were originally hidden behind
debris and were only recently discovered
after the amber was re-polished.

Results

The several adjacent thalli bearing
perithecia and antheridia on the abdomen
of the thrip are considered to represent
variability within a single species (Figs.
1, 2). The large mature antheridium (Fig.
3) represents the holotype specimen.
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Fig. 1. Thysanopteran host of
Philothysanus  burmanicus  showing
attached holotype antheridium thallus
(arrow) and adjacent thalli in Burmese
amber. Scale bar = 180 pm.

Fig. 2. Tip of tail of thrip host showing
different stages of Philothysanus
burmanicus in Burmese amber. Arrow
shows spermatia on an antheridial
branch. Scale bar= 12 pm.

409



Biosis: Biological Systems (2021) 2(4), 408-4015

Fig. 3. Extended compound antheridium
of holotype of Philothysanus burmanicus
in Burmese amber. Scale bar = 62 um.
Insert shows a portion of antheridium
with emerging spermatia (arrow). Scale
bar = 20 pm.

Phylum: Ascomycota (Berk.) Caval.-Sm.
1998

Family: Spheciophilaceae Poinar, 2016
Genus: Philothysanus gen. n.
Mycobank for genus: MB 841539

Diagnosis: Dioecious. Thalli of both
sexes with from 5 to 17 receptacle cells.
Antheridia either simple, on extended
branches from the thallus (Fig. 2), or
compound, filling the thallus with
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spermatia (Fig. 3). Perithecia short, one
(A) is still immature; the second (B), is
mature with asci and ascospores. Spores
are released from the lower portion of
perithecium. Thalli are attached to the
abdomen of an adult thrip (Thysanoptera)
in mid-Cretaceous Burmese amber.

Type species: Philothysanus burmanicus
gen. et sp. nov.

Etymology: The generic name is derived
from the Greek “philos” = lover or friend
and the Greek “thysanos” = fringe in
reference to the wings of the host.

Mycobank for species: MB841542

Etymology: The specific epithet is based
on the geographical origin of the fossil.

Type material: (accession # B-F-11)
deposited in the Poinar amber collection
maintained at Oregon State University.

Type locality: Noije Bum Summit Site
mine in the Hukawng Valley located
southwest of Maingkhwan in Kachin
State (26°20°N, 96°36°E) in Myanmar.
The deposits date to the lowermost
Cenomanian (98.79 + 0.62 Ma).

Diagnosis: as for genus (by monotypy)

Description:  (Figs.1-9).  Dioecious
species. Holotype male thallus compound
(Fig. 3), with 8 or more basal receptacle
cells and seriate, compound antheridia
with  superposed cells  containing
developing spermatia, some of which are
emerging from tubular flasks (Fig. 3,
insert); length male holotype thallus, 415
pm, greatest width, 70 um. Second male
thallus  with  extended  branches
containing antheridia with spermatia
(Fig. 2). Female thallus A immature,
length, 43 um, width 15 um, with short,
straight, basal holdfast (Fig.4). Female
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thallus B mature, length 48 um, greatest
width, 17 pm, with multiseriate
receptacle of 17 oval to elliptical,
parenchyma-like cells and adhered lateral
trichogene. Asci and ascospores formed
in and released from lower portion of
perithecium (Figs. 4-9); length released
ascospore, 12 um. Both female thalli with
short straight holdfasts. All thalli attached
to abdomen of adult thrip (Thysanoptera)
in mid-Cretaceous Burmese amber.

Fig. 4. Two female thalli (A and B) of
Philothysanus burmanicus attached to
thrip in Burmese amber. Arrow shows
released ascospore. Scale bar = 15 pm.

Comments: Philothysanus burmanicus
Sp. nov. represents a dioecious species
with thalli producing either spermatia or
ascospores. Philothysanus is placed in the
family Spheciophilaceae based on its
multi-celled receptacle, antheridia with
spermatia produced in tufted branches
and very small ascospores.
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Flg 5 Thallus B of Phllothysanus
burmanicus attached to thrip in Burmese
amber. A= area of trichogyne. D=
developing asci. R=  multiseriate
receptacle. S= septa between outer wall
cells. Scale bar = 10 pm.

Several characters distinguish
Philothysanus from Spheciophila, the
most important being the dioecious life
style of Philothysanus and the
monoecious status of Spheciophila. Also,
the thalli of Philothysanus are upright,
while the thallus of Spheciophila is
prostrate. The stalk cells of Spheciophila
are elongate and the terminal portion of
the thallus is bent at 90 degrees. The stalk
cells of Philothysanus are parenchyma-
like, clustered in the receptacle and the
entire thallus is straight.
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Fig. 6. Right photograph shows multiseriate receptacle of thallus B of Philothysanus
burmanicus in Burmese amber. Using a multichannel setting on Adobe Photoshop revealed
17 oval-elliptical basal cells. These cells are depicted in the drawing on the left. Scale bar
= 10 um (same scale for both figures).

¥

o il
Fig. 7. Thallus B of Philothysanus Fig. 8. Thallus B of Philothysanus
burmanicus in Burmese amber showing burmanicus in Burmese amber showing
asci with developing ascospores. Scale group of ascospores (arrow) in
bar = 7.4 um. perithecium. Several ascospores have

emerged. Scale bar = 10 um.
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Fig. 9. Detail of group of ascospores
(arrow) in perithecium of thallus B of
Philothysanus burmanicus in Burmese
amber. Several ascospores have been
released. Scale bar = 7.5 pm. Insert shows
a released ascospore. Bar = 2.7 um.

Host: Thrip (Thysanoptera): Total body
length, 0.8 mm. The tubular end of the
last abdominal segment places the
specimen in the suborder Tubulifera. The
forewings are subequal to the hindwings,
the wing surfaces lack microtrichia, the
fringe cilia are not socketed and the wings
overlap. The large bent spine between the
terminal tarsomere and arolium prevents
placement of the thrip in any known
extant or extinct genus. Also unique are
the single thick multistriate vein wings. It
is not known if these striae represent
closely compressed separate veins or just
subdivisions of one main vein.

Discussion

Regarding host selection of the two
genera of Spheciophilaceae,
Spheciophila was attached to the cuticle
of a new family (Aptenoperissidae) of
parasitic wingless wasps (Rasnitsyn et al.,
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2017). There are no other extant or extinct
records of ectoparasitic fungi on wasps.
This feature alone separates Spheciophila
from members of the Laboulbeniales, the
only other insect ectoparasitic fungal
group (Tavares, 1985; Benjamin, 1973).

With Philothysanus, ectoparasitic fungi
are rarely found on thrips (Tavares, 1985;
Benjamin, 1973). Some workers (Perreau
etal., 2021) do not even acknowledge the
existence of Dioicomyces bournieri
Balazuc, the only Laboulbeniales
described from a thrip (Balazuc, 1972).
This host order has also been omitted in
analytical studies of Laboulbeniales
(Goldman & Weir, 2018). The single
species of Dioicomyces described from a
thrip, which was later transferred to the
dioecious genus Dimeromyces Thaxter
(Santameria, 1999) has few structural
features in common with Philothysanus
(Santameria, 2002).

Aside from their respective hosts, both
Philothysanus and Spheciophila differ
from the Laboulbeniales by the
diminitive size of their ascospores, which
range between 9 um and 12 um in length.
Lengths of ascospores in the
Laboubeniales range from 33 um to 91
pum. Also the ascospores of Philothysanus
are not clearly septate as ascospores are
in the Laboulbeniales (Tavares, 1985;
Benjamin, 1973; Clements & Shear,
1931). In addition, in Spheciophila the
thallus is prostrate and in Philothysanus
the asci and ascospores are released from
the lower portion of perithecium. These
features further separate the two genera
from members of the Laboulbeniales
(Tavares, 1985; Benjamin, 1973).

Currently, Philothysanus and
Spheciophila represent the oldest known
lineages of insect ectoparasitic fungi.
Such parasitic relationships could date
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back to the Palaeozoic, when many
fungal-animal associations first appeared
(Harper & Krings, 2021).

Acknowledgements

The author thanks Meredith Blackwell
and Sergi Santamaria for discussions on
features of Philothysanus and Cheryle
O’Donnell for dialogue on characters of
Thysanoptera.

Conflict of interest statement

The author declares no conflict of
interest.

References

Balazuc, J. (1972). Laboulbénales
nouvelles, parasites d’Insectes.

Bulletin de la Société
entomologique de France, 76,
226 235.

Benjamin, R.K. (1973). Laboulbeniales.
In G.C. Ainsworth, F.K. Sparrow,
& A.S. Sussman, (Eds.): The
Fungi: an advanced Treatise, Vol.
4A (pp 223- 246). Academic
Press.

Clements, F.E. & Shear, C.L. (1931). The
genera of fungi. The H. W. Wilson
Co., New York.

Cruickshank, R.D. & Ko, K. (2003).
Geology of an amber locality in the
Hukawng Valley, northern
Myanmar. Journal of Asian Earth
Sciences, 21,  441-  455.
https://doi.org/10.1016/S1367-
9120(02)00044-5

Goldman, L. & Weir, A. (2018).
Molecular phylogeny of the
Laboulbeniomyces (Acomycota).
Fungal Biology, 122, 87-100.

Haelewaters, D., Blackwell, M., &
Pfister, D. H. (2021).
Laboulbeniomycetes: intimate

414

Poinar Jr. (2021)

fungal associates of arthropods.
Annual Review of Entomology 66,
257-278.
https://doi.org/10.1146/annurev-
ento-013020-013553

Harper, C. J. & Krings, M. (2021). Fungi
as parasites: a conspectus of the
fossil record. Topics in
Geobiology, 49, 69-108.
https://doi.org/10.1007/978-3-
030-42484-8 2

Perreau, M., Haelewaters, D., &
Tafforeau, P. (2021). A parasitic
coevolution since the Miocene
revealed by phase-contrast
synchrotron X-ray
microtomography and the study of
natural history collections. Nature
Research, Scientific reports, 11,
2672:
https://doi.org/10.1038/s41598-
020-79481-x

Poinar, Jr., G. (2016). A mid-Cretaceous
ectoparasitic fungus, Spheciophila
adercia gen. et sp nov. attached to
awasp in Myanmar amber. Fungal
Genomics and Biology 6, 145.
https://doi.org/10.4127/2165-
8056.1000145

Poinar, Jr., G., Lambert, J.B., & Wu,Y.
(2007). Araucarian source of
fossiliferous  Burmese amber:
spectroscopic and  anatomical
evidence. Journal of the Botanical
Research Institute of Texas, 1,
449- 455,

Rasnitsyn, A. P., Poinar, Jr., G. O., &
Brown, A. (2017). Bizarre
wingless parasitic wasp from mid-
Cretaceous  Burmese  amber
(Hymenoptera, Ceraphronoidea,
Aptenoperissidae  fam.  nov.).
Cretaceous Research 69, 113-118.
https://doi.org/10.1016/j.cretres.2
016.09.003



https://doi.org/10.1016/S1367-9120(02)00044-5
https://doi.org/10.1016/S1367-9120(02)00044-5
https://doi.org/10.1146/annurev-ento-013020-013553
https://doi.org/10.1146/annurev-ento-013020-013553
https://doi.org/10.1007/978-3-030-42484-8_2
https://doi.org/10.1007/978-3-030-42484-8_2
https://doi.org/10.1038/s41598-020-79481-x
https://doi.org/10.1038/s41598-020-79481-x
https://doi.org/10.4127/2165-8056.1000145
https://doi.org/10.4127/2165-8056.1000145
https://doi.org/10.1016/j.cretres.2016.09.003
https://doi.org/10.1016/j.cretres.2016.09.003

Biosis: Biological Systems (2021) 2(4), 408-415

Shi, G., Grimaldi, D.A, Harlow, G.E,
Wang, J., Yang, M., Lei, W., Li,
Q., & Li. X. (2012). Age constraint
on Burmese amber based on U-Pb
dating of zircons. —Cretaceous

Research, 37, 155-163.
https://doi.org/10.1016/j.cretres.2
012.03.014

Poinar Jr. (2021)

https://doi.org/10.1017/S0953756
202005816

Tavares, I.I. (1985). Laboulbeniales
(Fungi,Ascomycetes). Mycologia
Memoir, 9, 1-622.

Thaxter, R. (1895). Contributions
towards a monograph of the
Laboulbeniaceae. Memoirs of the

Santamaria, S. (1999). A new
combination for Dioicomyces Sciences, 12, 189- 429.
bournieri (Laboulbeniales). Thaxter, R. (1926). Contribution towards
Mycotaxon, 71, 413- 416. a monograph of the

Santamaria, S. (2002). A taxonomic Laboubeniaceae. Part I\VV. Memoirs
revision of the genus Dioicomyces of the American Academy of Arts
(Laboulbeniales). Mycological and Sciences, 15, 431- 555, 557-
Research 106, 615-638. 580.

American Academy of Arts and

Publisher’s note: Eurasia Academic Publishing Group (EAPG) remains neutral with regard

to jurisdictional claims in published maps and institutional affiliations.
BY ND

Open Access This article is licensed under a Creative Commons Attribution-NoDerivatives 4.0 International
(CC BY-ND 4.0) licence, which permits copy and redistribute the material in any medium or format for any
purpose, even commercially. The licensor cannot revoke these freedoms as long as you follow the licence terms.
Under the following terms you must give appropriate credit, provide a link to the license, and indicate if changes
were made. You may do so in any reasonable manner, but not in any way that suggests the licensor endorsed
you or your use. If you remix, transform, or build upon the material, you may not distribute the modified material.
To view a copy of this license, visit https://creativecommons.org/licenses/by-nd/4.0/.

415


https://doi.org/10.1016/j.cretres.2012.03.014
https://doi.org/10.1016/j.cretres.2012.03.014
https://doi.org/10.1017/S0953756202005816
https://doi.org/10.1017/S0953756202005816
https://creativecommons.org/licenses/by-nd/4.0/
https://creativecommons.org/licenses/by/4.0/

