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The First Record of Rosellinia aquila in Kanagawa Prefecture and the Analysis

of Morphological Variation among the Collections

Shuhei TAKEMOTOV 2 3 | Hitoshi NAKAMURA? & Yousuke DEGAWAD

Abstract. Ten stroma collections were obtained from 8 localities in Kanagawa Prefecture, and identified

as Rosellinia aquila based on their morphological characteristics. This is the first record of R. aquila in
Kanagawa Prefecture. The size of stromata ranged (0.76 —) 0.88 — 1.83 x 0.78 — 1.50 mm (mean 1.26 x
1.09 mm), and ascospores 17.2 — 30.2 (— 31.1) x (5.9 -) 6.3 — 11.6 (— 12.7) pm (mean 23.0 x 8.2 um). A

straight germ slit run across almost entire length on the ascospores. The ascospores generally had cellular

appendage at one end, and cap-like slimy sheaths at both ends, except in old materials. Ascospore length

varied mostly among collections. In one case, ascospore length greatly varied even between 2 collections in

a single locality. The collections neither formed clusters nor showed geographic cline in principal component

analysis based on morphological traits. The present study disclosed the morphological diversity of R. aquila

in Kanagawa Prefecture.

Key words: analysis of variance (ANOVA), new record, principal component analysis (PCA), Xylariaceac

Introduction

Rosellinia aquila (Fr.) Ces. & de Not. is the type species of the
genus Rosellinia. The species is basically a wood decomposing
fungus (Abe, 1989), and can be found on dead and fallen logs
and branches of broad-leaf trees, mainly Quercus spp. (Hennings
1902; Matsumura 1904; Shirai & Miyake 1917; Asahina et al.,
1939; Abe, 1986; Abe & Doi, 2000; all listed in Kobayashi,
2007), though it was recently reported that R. aquila can persist
in a stressed but still living twigs of Quercus robur (Kwasna and
takomy, 2006). Morphological studies on the teleomorph of
R. aquila is quite limited in Japan, and as few as 10 specimens
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were observed so far for Japanese mycoflora, e.g., Abe (1986)
and Nakamura et al. (2000). In Kanagawa Prefecture, there has
been no record of distribution. In the present study, a wide area
in Kanagawa Prefecture was searched for R. aquila. Ten stroma
collections were obtained from 8 localities, and identified as R.
aquila based on their morphological characteristics. Diversity
in morphological characteristics, especially ascospore size, was

statistically examined among collections.

Materials and methods
Field search. Stromata tentatively identified as R. aquila
were collected from a wide area in Kanagawa Prefecture,
mainly in forest. Identification in the field was based on
the habitat and appearance of stromata described by Petrini
(1992) and Nakamura et al. (2000), i.e., almost globose,
carbonaceous, dark brown to reddish brown, ca. 1 mm
diam., papillate with an ostiole at the center top, often
accompanying dark brown to brown subiculum, but never
with synnemata, superficial and gregarious on decomposing
wood. Information on the collections and isolates

established from them are listed in Table 1.

Morphological observation. After stromata were gently
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detached with forceps from substrates, their height and diameter
were measured with calipers. Average diameter was calculated
from measurements along two axes crossing at right angles for
each stroma. Ascospores were obtained separately from three
stromata per collection. The ascospores were mounted on glass
slides in lactophenol mounting solution (20% (w/w) phenol,
40% (w/w) glycerol, 20% (w/w) lactic acid, 20% (w/w) water),
and the length and width of the ascospores were individually
measured. Asci and paraphyses, if any, were similarly mounted,
and ascus apical rings were observed after coloring with
Meltzer’s

reagent. Anamorphic state found in the subiculum also was

observed.

Statistical analyses. Two-level nested ANOVA (Sokal & Rohlf,
1995) was applied to ascospore length to estimate variance
components for three levels, i.e. among individual ascospores
within single stromata, among stromata within single collections
and among collections. The principal component analysis
(PCA) was conducted to ordinate the collections and evaluate
the contribution of each morphological trait to the ordination.

PCA was run on the R software package version 2.5.1 (R

.0

°
A\

138

130

Development Core Team, 2007) after data were standardized.
Morphological data set used in PCA was composed by stroma

height, stroma diameter, ascospore length and ascospore width.

Results
Field search. Ten stroma collections were obtained from 8§
localities (Fig. 1). All of them were found on logs or branches of
broad-leaf trees detached, fallen down or piled up on the ground,
not on fresh substrates.

Morphological observation. The collections commonly had
stromata almost globose or reversed cup-like, carbonaceous,
dark brown to reddish brown, with a papillate ostiole at the
center top, never accompanying synnemata, superficial and
gregarious on the substrates (Fig. 2a, b, d), except one from
Hadano City (Fig. 2c, e; collection No. 3). The size of stromata
was (0.76 —) 0.88 — 1.83 X 0.78 — 1.50 mm with average 1.26
X 1.09 mm among collections. Stromata of the collection
No. 3 were silvery to fuliginous with a faint reddish tone, and
concentric winkles often appeared on the top surface around the
ostiole, though other morphological characters were similar to

the other collections. Brown to reddish brown subiculum was

A0

142

Kanagawa Pref.
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Fig.1 Sampling localities. The localities are indicated by closed circles labeled with collection numbers.
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generally accompanied on the collections, but almost lost from
some old specimens (e.g., Fig. 2b). Geniculate conidiophores
(Geniculosporium type), hyaline to light brown and noticeably
cicatrized (Fig. 3) were present among subiculum or sometimes
on the stromata. Conidia were oblong to elliptic, hyaline to
light brown and truncate at the base. Structures inside stromata
were as follows: Asci clavate, 8-spored (Fig. 4); paraphyses

numerous, filiform, tapering toward the round apex (Fig. 4);

Fig.2 Stromata of
Rosellinia aquila.
A: Collection No.4;
B,D: No.8; C, E: No.3.
Bars: A, C =5 mm;
D, E=500u m

Fig.3 Anamorphic states found on the
collections of Rosellinia aquila.
A: Collection No.4; B: No.8; C: No.3;
D: No.10. Bars=20um

ascus apical rings amyloid, variably vase-shaped, 5.4 — 11.2
um high (mean 7.4 pm), 3.1— 4.8 pm diam. at superior part
(mean 4.2 um), 3.3 — 6.3 um diam. at inferior part (mean 4.7
um) (Fig.5); ascospores lemon-shaped to ellipsoid, slightly
asymmetric, brown to dark brown, 17.2—-30.2 (-=31.1) X (59-)
6.3 —11.6 (— 12.7) um with average 23.0 X 8.2 um (Fig. 6), with a
straight germ slit running almost from one end to the other (Fig.
6A), with cellular appendage at one end or rarely both ends (Fig.
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Fig.4 Asci and paraphyses of Rosellinia aquila. Bar = 10um

A ' | B |
‘ ‘A

6B, C), covered by cap-like slimy sheaths at both ends (Fig. 6B,
C). The structures of soft tissues were lost from the old materials
previously mentioned. Ascospores in most stromata were
vigorous, and single-ascospore isolates were obtained from 8 of
the 10 collections (Table 1). All the measurements and notes on
morphological characters are summarized in Table 2.
Statistical analyses. A two-level nested ANOVA for ascospore
length (Table 3) revealed that the variance (i.e., diversity)
existed mainly among collections (58.7%) followed by among
ascospores within stromata (34.7%). The variance component
among stromata within single collections was small (6.6%),
though it was significant as well as those at the other 2 levels.
Collections did not form clusters in the plane of PCA
ordination, rather scattered (Fig. 7). The collection No.3, which
distinctively had silvery stromata, was not located at distant from
the others, rather intermingled together (Fig .7). The first axis of
PCA (PC1) explained 78% of the total morphological variance
and indicated graduation from small to large stroma and from

large to small ascospore.

Discussion
Five of the collections in this study (Nos.1, 6, 7, 8 and 10)
had ascospores and/or ascus apical rings larger than those of R.
aquila reported in Petrini (1992), Nakamura et al. (2000) and

v

Fig.5 Ascus apical rings of Rosellinia aquila. ~A: Collection No.3; B: No.4; C: No.6; D: No.9; E: No.10. Bars = 10um
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Fig.6 Ascospores of Rosellinia aquila.
A,B: Collection No.4; C: No.6.

Bars=10 u m.

Table 3. Two-level nested ANOVA for ascospore length

(a) ANOVA table

Source of variation df SS MS Fy p
Among collections 9 1469.9 163.32 19.53 4.82x10°"
Among stromata 20 167.3 8.36 3.10 1.44x107°
Within stromata 300 809.3 2.70
Total 329 2446.4
(b) Estimates of variance component at 3 levels.
Variance components Estimation Relative magnitude
s’ (among collections) 4.56 58.7%
s%scc (stromata within collections) 0.52 6.6%
s* (ascospores within stromata) 2.70 34.7%

Kwasna and Lakomy (2006). Ascospore size of R. aquila ranged
18 —22 X 6 — 8 um in Kwasna and Lakomy (2006), and 17.5 —
25.0 X 6.3 — 8.8 um with average 22.0 X 7.5 um in Nakamura
et al. (2000). Petrini (1992) described as: ascospores 14.5 —
27.0 X 5.5—10.0 pm with average 19.5 X 7.5 pum; ascus apical
rings 4.5 — 9.0 um high, upper width 3.5 — 5.5 pm, lower width
3.5—6.0 um. On the other hand, the five collections in this study
were as follows: Ascospores (18.6 —) 19.7 — 30.2 (-31.1) X 7.2
— 11.6 (- 12.7) pm with average 24.6 X 9.0 um; ascus apical
rings 7.5 — 11.2 pm high, upper width 3.7 — 4.8 (— 5.7) um, lower
width 4.5 — 6.3 pm, which were more comparable to those of R.
corticium in Petrini (1992): ascospores 19.0 — 33.5 X 6.5-14.0

um with average 24.0 X 9.0 um; ascus apical rings 5.5 —12.5
um high, upper width 3.5 — 8.0 pm, lower width 3.5 — 8.0 pm.
However, measurements on R. aquila ascospores ranged 20-35
X 7.5-12.0 um in Abe (1986), and 20 — 38 X 7.5—12.8 um in
Dargan and Thind (1979), almost over-rapped to ours. The five
collections as well as the others in the present study had slimy
sheaths, if any, commonly reduced to cap-like structures at both
ends of ascospores as R. aquila (Petrini, 1992); ascospores of R.
corticium should be entirely covered with slimy sheath. Dargan
and Thind (1979) used cellular appendages (hyaline apiculi) as
main discriminative key between R. aquila and R. corticium,
and described that the latter had no such structures. According

27
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Fig.7 Ordination of the Rosellinia aquila collections by the principal component analysis based on the dimensions of stromata and ascospores.

The data set was standardized before analysis. Collections are indicated by closed circles labeled with collection numbers. Vectors labeled with

morphological traits (shown in boxes) represent the contribution of the traits to the first and second principal components (PC1 and PC2).

to Dargan and Thind (1979), the collections in the previous
study were, thus, categorized clearly into R. aquila, since they
generally had cellular appendage at one end of the ascospores,
though Petrini (1992) pointed out that cellular appendages
were sometimes hardly observed under light microscope when
covered by slimy caps, and mentioned that R. corticium had a
cellular appendage at one or seldom both ends of the ascospores,
and R. aquila at one or both ends. The wide species concept of
R. aquila includes R. corticium as its variety byssiseda (Traverso,
1906), and specimens of R. corticium has often been described
as R. aquila among European mycologists (Petrini, 1992).
Rosellinia subsimilis also resembles to our collections and R.
aquila in the present studies, but differs by felty, woolly or web-
like scarcely developed subiculum that completely disappears
from fully mature or old material (Petrini, 1992). Since then, we
identified all the collections as R. aquila. This is the first record
of R. aquila in Kanagawa Prefecture. Acer spp. and Aucuba
Jjaponica are new substrate records in Japan.

Rosellinia aquila in this study were diverse in ascospore length
noticeably among collections (58.7% of total variance, Table
3), but little among stromata in single collections (6.6%). Since
variance component was estimated 4.56 at among-collection
level against the allover average of ascospore length 22.7 um,
coefficient of variation was calculated as 9.4%. On the other

hand, an allied plant-pathogenic species, R. necatrix, had size
diversity mostly (70.2%) among individual ascospores within
single stromata (Takemoto et al., 2009).

Two each collections from Chigasaki City (Nos. 7 and 8)
and Yokosuka City (Nos.6 and 10) were located closely in
the plane of PCA ordination (Fig. 7); however, one collection
from Chigasaki City (No. 9) was distributed at a distance from
2 others collected from the same locality. In general, the
collections formed no outstanding clusters, and no geographical
cline was detected. Rosellinia aquila in Kanagawa Prefecture
does not seem to differentiate geographically.

These facts suggest that R. aquila in Kanagawa Prefecture is
composed by populations morphologically diverse, and maybe,
also genetically diverse even in a single locality. Another
hypothesis is that R. aquila includes one or more unidentified
species to be recovered. Molecular study combined with further
morphological examination is needed to disclose the diversity of
Rosellinia fungi in Japan.
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