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ABSTRACT 

Ascomycetes specialised to live on hardened plant exudates occur worldwide, but the number 

of species so far described is relatively small (c.30). Particularly within the genus 

Chaenothecopsis (Ascomycota: Mycocaliciales), many species produce their ascomata on 

hardened but still relatively fresh outpourings of conifer resin or angiosperm exudate. 

Temperate rainforests of New Zealand provide habitat for several endemic Chaenothecopsis 

species, including Chaenothecopsis schefflerae, which was previously known from a single 

sample collected from the exudate of Schefflera digitata (Araliaceae) in the early 1980s. Here 

we show that C. schefflerae is neither lost nor very rare, but occurs sporadically throughout 

New Zealand. The fungus does not primarily grow on Schefflera but on exudate of several 

species of Pseudopanax (Araliaceae), also endemic to the region. We compare the morphology 

of the new specimens to the type specimen of C. schefflerae and provide a detailed description 

of the new material. Phylogenetic analyses based on nuclear ITS and LSU rDNA place C. 

schefflerae together with other morphologically similar Chaenothecopsis species growing on 

angiosperm exudates. 
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Introduction 

 

The genus Chaenothecopsis Vainio belongs to the ascomycete order Mycocaliciales (Tibell and 

Wedin 2000). It is ecologically diverse and includes many highly specialised species that only 

produce ascomata on specific substrates. Many species grow as parasites or commensals on 

lichens while others are parasitic on green algae (e.g. Titov 2006). A number of Chaenothecopsis 

species occur exclusively on conifer resins or exudates of other vascular plants, and are 

sometimes restricted to the exudates of a single tree genus or even species (e.g. Tibell and 

Titov 1995; Tuovila et al. 2011a, 2011b; Tuovila 2013; Rikkinen et al. 2014; Selva and Tuovila 

2016). 

The genus Chaenothecopsis is well represented in cool temperate forest ecosystems of 

both Hemispheres, but it also occurs in the tropics (e.g. Tuovila et al. 2011a, 2014; Rikkinen et 

al. 2014). New Zealand forests support a diverse Chaenothecopsis mycota as described by Tibell 

(1987) in his monograph Australasian Caliciales. Although some local species grow on lichen 

thalli, others occur on lignum of local conifers (e.g. Agathis, Dacrydium, Libocedrus, 

Podocarpus) or angiosperms (e.g. Nothofagus, Griselina, Laurelia, Metrosideros). However, only 

one Chaenothecopsis species in New Zealand has so far been found growing on plant exudates. 

Samuels and Buchanan (1983) described the species from Schefflera digitata, a widespread 

small endemic tree (< 8 m tall) in the family Araliaceae. The authors named the fungus 

Mycocalicium schefflerae and Tibell (1987) later transferred the species to the genus 

Chaenothecopsis on the basis of ascus and ascospore characteristics. At that time 

Chaenothecopsis schefflerae was still only known from the type location, namely in Whangarei, 

Northland, and no subsequent collections from Schefflera have been reported. 

Here we show that C. schefflerae is widely distributed on the exudates of several 

Pseudopanax species in New Zealand. Although there are some differences in the anatomy 

between fungal specimens from the exudates of different host species, the presently available 

material does not permit the unambiguous circumscription of several discrete species. DNA 

sequence data obtained from the type specimen and from the fresh material also indicate that 

all the new specimens from different Pseudopanax species and S. digitata represent the same 

fungus. 
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Material and methods 

 

Biological material 

Chaenothecopsis specimens were collected from Pseudopanax colensoi var. ternatus Wardle 

(three-finger tree), Pseudopanax arboreus (Murray) Philipson (five-finger tree) and 

Pseudopanax crassifolius (Sol. ex A.Cunn.) K. Koch from 16 different localities in temperate 

broadleaf mixed forests of North and South Islands, New Zealand (Figure 1; Table 1). The New 

Zealand Fungarium (PDD), Landcare Research in Auckland, kindly supplied the type specimen of 

C. schefflerae collected from S. digitata J.R. Forst. et G. Forst. (seven-finger tree) for study. A 

culture of C. schefflerae (CBS 113957) was obtained from the Centraalbureau voor 

Schimmelcultures (CBS) in Utrecht. 

 

Light microscopy and scanning electron microscopy 

Fungal specimens were studied and imaged under Carl Zeiss AxioScope A1 and Leica DMLS 

compound microscopes equipped with Canon EOS 5D digital cameras. In some cases, incident 

and transmitted light were used simultaneously (Figures 3, 6). Overview images of ascomata 

represent digitally stacked photomicrographs obtained from up to 100 focal layers merged 

using the software package HeliconFocus 5.0. 

Morphological details of the fungal specimens were studied under a 100 × oil-immersion 

objective. Some diagnostic structures, like paraphyses and stipe hyphae, were observed by 

using potassium hydroxide (KOH), Lugol’s reagent (IKI), Melzer’s reagent (MLZ), Congo Red (CR; 

CR+ congophilous, colouring strongly red in CR), and nitric acid (N) as described in Tuovila 

(2013). 

For scanning electron microscopy, dry Chaenothecopsis ascomata were placed on a 

carbon-covered scanning electron microscope mount, sputtered with gold/palladium and 

examined under a Carl Zeiss LEO 1530 Gemini field emission scanning electron microscope. 

 

Spore isolation and cultivation 

Cultures of Chaenothecopsis were established using fresh field specimens collected from P. 

colensoi var. ternatus and P. arboreus (Figure 9). For this purpose, a single ascoma was picked 

from the substrate and transferred to a double-cavity glass slide containing a drop of 

autoclaved water. All remaining substrate particles were removed in the first cavity and only 
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the capitulum of the ascoma was transferred to the edge of the second cavity and gently 

crushed with a flamed needle to liberate ascospores. The available ascospores were carefully 

removed, without soaking the remains of the capitulum, by using a pipette, further diluted in 

200–300 μL sterile 0.9% NaCl and transferred to malt yeast extract agar (MYA; 20 g malt 

extract, 2 g yeast extract, 20 g agar to 1000 mL distilled water, pH 6.5–7, 50 μg/mL 

streptomycin and penicillin G), malt extract agar (MEA, 20 g malt extract, 1 g peptone, 20 g 

glucose, 20 g, agar to 1000 mL distilled water, pH 5–5.5, 50 μg/mL streptomycin and penicillin 

G) and potato dextrose agar (PDA, Carl Roth, Karlsruhe, Germany). A spore gradient was 

generated by dipping a flamed loop into the spore suspension and lightly touching the media 

over two to three dots, from the centre of the Petri dish to the edges. The cultures are 

deposited at CBS of the Westerdijk Fungal Biodiversity Institute in Utrecht (reference no. CBS 

113957) and in the International Collection of Microorganisms from Plants (ICMP), Landcare 

Research in Auckland, New Zealand (reference no ICMP 21682 (type)/ICMP 21683). 

 

DNA extraction, PCR amplification and sequencing 

DNA was successfully extracted from Chaenothecopsis ascomata growing on Pseudopanax 

exudates from 15 of the 17 localities (Table 1) and from cultures of C. schefflerae on P. colensoi 

var. ternatus (ICMP 21683) and the type material (CBS 113957/ ICMP 21682). From each 

locality five to ten dry ascomata were gently crushed with a micro glass mortar (Carl Roth, 

Karlsruhe, Germany) before DNA extraction. Enzymatic DNA extraction was performed with the 

DNA Micro Kit from Qiagen (Hilden, Germany) by following the manufacturer’s protocol, but 

modifying the lysis time to 24 hours to guarantee the lysis of the fungal cells. For phylogenetic 

analysis we used the internal transcribed spacer (ITS) region and a partial gene of the nuclear 

large subunit (LSU) ribosomal RNA. The ITS region was amplified using the primers ITS4 and ITS5 

(White et al. 1990) or ITS4 and ITS1F (Gardes and Bruns 1993) and the partial LSU gene was 

amplified with the primers LR0R (Rehner and Samuels 1994), LR3R (Moncalvo et al. 2000), LR5 

and LR7 (Vilgalys and Hester 1990). 

Polymerase chain reaction (PCR) was conducted using Taq DNA polymerase (Promega, 

Madison, WI) by following the manufacturer’s recommendations. The PCR conditions included 

the following steps: (1) hot start with 95 °C for 2 min; (2) 35 cycles of 45–60 s at 95 °C, 60 s at 

52–55 °C and 45–60 s at 72 °C and (3) 10 min of final elongation at 72 °C. Subsequently, PCR 

products were purified using PCRapace (Invitek, Berlin, Germany) and sequenced in both 
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directions with a MegaBACE 1000 automated sequencing machine and DYEnamic ET Primer 

DNA sequencing reagent (Amersham Biosciences, Little Chalfont, UK). Sequences were 

assembled and edited using Bioedit 5.0.9 (Hall 1999). 

 

Phylogenetic analysis 

The ITS and LSU rDNA was sequenced in both directions. Forward and backward sequences 

were assembled using Bioedit 5.0.9 (Hall 1999). ITS and LSU data sets were aligned separately 

using MAFFT version 6 (Katoh and Toh 2008) and subsequently combined in Bioedit 5.0.9 (Hall 

1999). Gene regions for phylogenetic analyses were selected using Gblocks (Castresana 2000). 

The best fitting substitution model for each gene was chosen separately from seven 

substitution schemes included in the software package jModeltest 2.1.1 (Darriba et al. 2012), 

and models were selected according to the Bayesian information criterion (Schwarz 1978). The 

Bayesian information criterion supported the GTR + I+G model as the best fit for the ITS region 

and the TIM2 + I + G model for the LSU gene. Both genes were combined in a data matrix using 

Bioedit 5.0.9 (Hall 1999) and Bayesian analyses were carried out using Markov chain Monte 

Carlo in MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003). Analyses were run using four chains 

for 10 million generations each, sampling parameters every 1000th generation. All analyses 

were performed on the freely available computational resource CIPRES (www.cipres.org). 

Average standard deviations of split frequency < 0.01 were interpreted as indicative of 

independent Markov chain Monte Carlo convergence. A burn-in sample of 2500 trees was 

discarded for the run and the remaining trees were used to estimate branch lengths and 

posterior probabilities. Convergence and sufficient chain mixing (Effective sample sizes > 200) 

were controlled using Tracer 1.5 (Rambaut and Drummond 2009). GenBank accession numbers 

of all fungal specimens used for phylogenetic reconstruction are listed in the Supplementary 

material (Table S1). The combined data matrix, settings for the Bayesian analyses, and resulting 

phylogenetic tree (Figure 11) were uploaded to TreeBASE, direct access: 

http://purl.org/phylo/treebase/ phylows/study/ TB2:S20742 
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Results 

Taxonomy 

Chaenothecopsis schefflerae (Samuels & D.E. Buchanan) Tibell, Symbolae Botanicae Upsalienses 

27(1): 158 (1987) [MB#131062] 

Basionym: Mycocalicium schefflerae Samuels & D.E. Buchanan, N. Z. J. Bot. 21: 163 (1983)  

Holotype (Figures 6–7): New Zealand Fungarium (PDD), Landcare Research in Auckland, 

PDD 42005 (Isotypes: NY, ZT), communicated by I. Hood, 17 Mar 1980, Whangarei, Northland, 

on S. digitata. 

Representative new material examined (Figures 2–4): Chaenothecopsis specimen PDD110730, 

on exudate of P. colensoi var. ternatus, Beimforde, March 2015, South Island, Otago, Dunedin; 

Chaenothecopsis specimen PDD110728, on exudate of P. colensoi var. ternatus, Beimforde, 

February 2015, South Island, Otago, Dunedin; Chaenothecopsis specimen PDD110739, on 

exudate of P. arboreus, Rikkinen, February 2013, South Island, Catlins. These and all other 

specimens are deposited in the New Zealand Fungarium (PDD), Landcare Research in Auckland, 

with a duplicate specimen (PDD110739b) in Helsinki (H). The collection data and GenBank 

accession numbers are given in Table 1. 

Description of Chaenothecopsis schefflerae from Pseudopanax exudates (Figures 2–4): 

Apothecia on exudate of Pseudopanax, 680–2100 μm high. Stipe black, straight to slightly 

curved, 90–240 μm wide. Capitulum black, first lenticular to subspheric, later hemispheric to 

almost spheric, sometimes fully or partly divided into lobes, 220–650 μm wide. Asci cylindrical, 

43–54 × 3.5–4.5 μm (n = 15), apex variously thickened, often penetrated by a minute or barely 

noticeable canal, mature asci usually without a thickening, formed without croziers. Ascospores 

uniseriate, obliquely to periclinally oriented in asci, aseptate, yellowish green to brown olive 

green, ellipsoid; released and fully mature spores with minute ornamentation, often seen as 

low, uneven ridges consisting of small warts, visible under light microscope at high 

magnification (1000×); (5.5–) 6–7.7 (–8.2) × (2.5–) 2.8–4 (–4.5) μm (n = 133, from 13 ascocarps, 

four populations), mean 6.6 × 3.2 μm, Q = (1.5–) 1.7–2.4 (–3), mean Q = 2.0. Paraphyses 

hyaline, filiform, 1.5–2.5 μm wide (n = 20), as long as or usually longer than asci, often 

branching several times, especially at the ascus apex level, branches intertwined and 

agglutinated with the hyphae of epithecium, variously covered with small crystals and/or 

amorphous material, both CR+; septate, septal intervals 3–14 μm. Stipe moss to olive green to 

dark brown, hyphae 4.5–7 μm wide, walls 1–2 μm wide, hyphae parallel and slightly 
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intertwined (textura prismatica-intricata); inner part of the stipe hyphae light green, 5–7 μm 

wide, walls 1–2 μm wide, hyphae slightly intertwined (textura prismatica-intricata); whole stipe 

IKI+ very slowly greyish to violet red, reaction difficult to see at first because of the strong 

colour of the cell walls, hyphae swell in KOH and brown pigment leaks into the medium; stipe 

covered with dense net of arching hyphae, 2–3 μm wide. Excipulum moss to olive to brownish 

green, hyphae 3–6 μm wide, walls 1–2.5 μm wide, hyphae parallel (textura prismatica), covered 

with dense net of arching hyphae, 2–3 μm wide; IKI+ very slowly greyish to wine red, reaction 

difficult to see at first because of the strong colour of the cell walls. Hymenium IKI–. 

Hypothecium green, hyphae 5–7 μm wide, swelling in KOH. Epithecium light green to moss 

green, formed as a continuation of the hyphae covering the stipe and the excipulum, 3–4 μm 

wide, walls unevenly covered with amorphous material; IKI+ very slowly greyish red. All parts 

MLZ–. 

The type specimen from S. digitata (Figures 6–8) differs from the new material from 

Pseudopanax in some anatomical details, but the taxonomic significance of these differences is 

impossible to evaluate because the only available material from Schefflera comes from only 

one population. Ascospores measured from the type seem to be on average slightly smaller 

(4.9–) 5.1–7.2 (–8.3) × (2.6–) 2.9–3.6 (–3.8), mean 6.2 × 3.3, Q = 1.5–2.4, mean 1.9 (n = 50, from 

three ascomata) than those measured from the new material. However, because of the limited 

material from S. digitata, a significantly smaller sample size was used for measuring the spores 

(50 measurements from three ascomata, whereas spore measurements from the new material 

are based on 133 measurements of 13 ascocarps). Another difference is seen in the excipulum, 

which in the type has an outer layer of relatively wide and intertwined hyphae with 

agglutinated walls (textura oblita-intricata). Its hymenium contains hyaline CR+ crystals, and 

light brown to hyaline amorphous, CR+ material, strongly gluing the asci and paraphyses 

together. Finally, the epithecium is composed of two layers, with an outer layer with 2–3 μm 

wide hyphae extending from outer excipulum, and an inner layer consisting of paraphysis tips 

covering the asci (compare Figures 5H and 8D). 

Characteristics in culture (Figures 9–10): Germination of ascospores occurs after 2– 3 days at 

20 °C in the dark on MEA, MYA and PDA. Spores swelled and germinated with one or two 

unbranched germ tubes 2.3–3.4 μm wide and 7–20 μm long. Colonies on MEA, MYA and PDA 

brownish to velvety, opaque (Figure 9A), appearing moist and shiny with a wrinkly surface, the 

surface turning undulate to notched in older colonies (Figure 9B); after 2 weeks of incubation at 
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20 °C in the dark, colonies are 0.5–1 cm in diameter; after 3 months colonies are 1–1.8 cm; and 

after 1 year they are 2.5–3 cm in diameter, colonies become elevated with age. Clustered aerial 

hyphae arise from older colonies, often from the centre, irregularly septate, 3–3.3 μm wide, 5–

15 μm long, whitish to opaque-colourless, often aggregated to form spine-like structures 

(Figure 9C); immersed hyphae colourless 2–3.1 μm wide. No formation of apothecia on MEA, 

MYA or on PDA media. Conidiophores (Figures 9F; 10B), single-celled, unbranched, 7–9.2 μm 

long and 4.2–5 μm wide, arising from aerial hyphae, blastic development of conidia, sometimes 

two conidia arise from single conidiophore. Conidia (Figure 9I) translucent, globose to sub-

globose to elliptic, sometimes slightly tapering at basal ends with a flattened abscission scar, 

size of conidia (3.6–) 4.2–9.8 (–10.7) μm × (3.6–) 4.2–7 (–7.7) μm (n = 60), mean = 4.6 × 4.2 μm, 

Q = 1–1.3 (–1.6) mean Q = 1.2. Chlamydospores (Figures 9G–H; 10A) formed on aerial hyphae, 

often in chains, hyphal cells swell and form rounded cells with thickened cell walls, 5.8–11.1 μm 

long and 4.6–9 μm wide, septa sometimes thickened. Additional conidia (Figure 9C–D) on aerial 

hyphae are sub-globose to elliptic to ovoid in shape, 12.5–28 μm long and 10–20 μm wide. 

Ecology and distribution: Chaenothecopsis schefflerae has to date only been found in New 

Zealand and is therefore most probably endemic. It has been collected from temperate broad-

leaved rainforests, mainly from semi-hardened exudate and exudate-soaked exposed wood and 

bark of P. arboreus, P. colensoi var. ternatus and more rarely from P. crassifolius. As the 

combined distribution of these three species covers most of New Zealand (Figure 1, Table 1), 

one can expect that C. schefflerae may also occur on other exudate-producing Pseudopanax 

species across all forested bioclimatic zones represented in the region. The holotype was 

collected from exudate-soaked wood and bark of S. digitata from Whangarei, Northland, and it 

still remains the only record from trees other than Pseudopanax. 

 

 

Discussion 

 

Phylogenetic analysis of the ITS region indicates that all the new Chaenothecopsis specimens 

from Pseudopanax and cultures of the type specimen (CBS 113957/ ICMP 21682) represent a 

single species. In their general morphology the specimens on Pseudopanax are very similar to 

the type of C. schefflerae and also grow on exudates of Araliaceae species. Our microscopic 

analyses also demonstrate that the ascomatal anatomy of the specimens from Pseudopanax 
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and the type material from Schefflera are very similar, and despite small differences in 

ascospore size and other features such as paraphyses and epithecium structure (Figures 5; 8), 

we presently assign all the new specimens from Pseudopanax to the previously described 

species. 

Generic delimitation in Mycocaliciales is problematic and the assignment of a particular 

species to genera is not always possible on the basis of only one or two morphological 

characters (Schmidt 1970; Tibel 1984, 1987; Titov 2006; Tuovila 2013). Chaenothecopsis 

schefflerae was first described as Mycocalicium schefflerae Samules & D.E. Buchanan, but on 

the basis of ascospores and the ascus structure Tibell (1987) transferred it to Chaenothecopsis. 

The ascospores of C. schefflera are ellipsoid (Figures 4D; 7D), whereas those of Mycocalicium 

species are usually more or less allantoid. As previously noted by Samuels and Buchanan (1983) 

and Tibell (1987) the apices of immature asci are thickened and penetrated by a barely 

noticeable canal (Figures 5B; 8B). This is a typical feature of Chaenothecopsis rather than 

Mycocalicium (Schmidt 1970; Tibell 1987). The stipe of C. schefflerae consists of intertwined 

hyphae (Figures 4C, H; 7B, C), which is also typical of many Chaenothecopsis species, whereas 

the stipes of Mycocalicium species tend to consist of parallel hyphae. 

Unresolved issues of generic delimitation of mycocalicioid fungi are also clearly seen in 

our present phylogenetic tree (Figure 11) in which the different genera, as traditionally 

circumscribed, do not form monophyletic groups. Wider taxon sampling and more sequence 

data from additional phylogenetic informative genes are obviously needed to resolve the 

correct generic relationships in this group (Hawksworth 1980; Tibell 1984; Tibell and Vinuesa 

2005; Tuovila 2013). In any case, as already shown in previous studies (Tuovila et al. 2011a, 

2011b, 2013, 2014; Rikkinen et al. 2014) the Chaenothecopsis species that grow on angiosperm 

exudates constitute a well-supported monophyletic group (Figure 11). They also share 

significant morphological, anatomical and chemical traits, including the production of asci 

without croziers and similar, quite distinctive ascospores. Most species in this group can only be 

distinguished from each other by using a combination of char ribosomal DNA (Figure 11) the 

closest known relative of C. schefflerae is Chaenothecopsis resinophila from central China. The 

ascomata of these two species are indeed very similar; both have ornamented ascospores, CR+ 

crystals on the tips of paraphyses, and a similar type of epithecium. However, C. schefflerae 

differs from C. resinophila in having wider hyphae with thicker walls in the stipe and excipulum, 

more branched paraphyses, and slightly smaller ascospores and Q-value (Tuovila et al. 2014). 
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Samuels and Buchanan (1983) noted that C. schefflerae is easy to cultivate and we were 

able to germinate ascospores and grow mycelia on several different carbohydrate-based media 

(MEA, MYA, PDA; Figure 9). Unlike in the cultures obtained by Samuels and Buchanan, our 

cultures did not produce ascomata. This may have been due to differentacters (Tibell 1987; 

Tuovila 2013; Tuovila et al. 2014). On the basis of growth conditions; we, for example, kept our 

cultures in the dark whereas Samuels and Buchanan exposed their cultures to 12 h darkness/12 

h near ultraviolet and fluorescent light. The conidiophores and chlamydospores produced in 

our cultures were about the same shape and size as those reported by Samuels and Buchanan. 

However, the larger conidia (Figure 9C, D) were not mentioned in the original description. 

Chaenothecopsis schefflerae is the only Chaenothecopsis species presently known from 

angiosperm exudates in New Zealand. Our new findings demonstrate that it is widely 

distributed on both main islands of New Zealand and can occur abundantly on exudate or 

exudate-soaked wood and bark of P. colensoi var. ternatus, P. arboreus and P. crassifolius. 

Those host trees belong to the Arboreus and Crassifolius clades, which represent two of the 

three major clades within New Zealand Pseudopanax (Perrie and Shepherd 2009). Inasmuch as 

the fungus has been collected only once from S. digitata, a species that rarely produces copious 

amounts of exudate, we suspect that the type specimen may have been collected from a 

relatively rare substrate, even though the type specimen is quite impressive in having 

numerous ascomata. Even with some effort we have not been able to find new material of C. 

schefflerae from Schefflera and on this basis we cannot dismiss the possibility that the type 

specimen might have been collected from Pseudopanax and mislabelled. 

Based on our observations, C. schefflerae grows mainly in dense and humid rainforests, 

from the lowlands up to an altitude of 670 m, sometimes in more open secondary vegetation. 

We often observed beetle borings in branches with colonised exudate outpourings (Figure 2A–

B) and found several larvae and pupae, which specifically colonised the outer bark, the xylem, 

or the phloem of P. colensoi var. ternatus (Figure 2D). It is likely that insect activity induces the 

production of exudates in Pseudopanax and that adult insects play a role in the spore dispersal 

of C. schefflerae. A range of weevils such as Pactola variabilis Pascone and Pactola fuscicornis 

Broun (Mazur et al. 2016), Eiratus parvulus Pascone (Kuschel 1982) and Ectopsis ferrugalis 

Broun (Gibbs 2009) exclusively colonise species of Pseudopanax and Schefflera digitata. These 

specialised and presumably ancient insect–plant associations can facilitate the dispersal of the 

fungal spores, guaranteeing that they reach the specific substrate essential for their 
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germination and growth (Tuovila et al. 2011a). A similar situation was recently described for 

Resinogalea humboldtensis (Rikkinen et al. 2016), another resinicolous ascomycete from New 

Caledonia, which is closely associated with its endemic plant host but also with host-specific 

insects attacking the host tree and so providing resinous substrate for the fungus (Beimforde et 

al. 2017). 

The close relationship of Chaenothecopsis species from angiosperm exudates, as 

represented by their well-supported monophyletic clade (Figure 11), indicates a single origin of 

their unusual ecology. In contrast, there may have been multiple losses or gains of a similar 

ecology centreing on conifer resins, as such species are clearly polyphyletic within the 

Mycocalicaceae. In any case, fossilised Chaenothecopsis specimens from Palaeogene ambers 

provide solid evidence that the association between some Chaenothecopsis species and conifer 

resin is ancient and has remained essentially unchanged for at least 35 million years (Rikkinen 

and Poinar 2000; Tuovila et al. 2013; Beimforde et al. 2014). Nine mycocalicioid species are 

currently known to grow exclusively on angiosperm exudates (Tuovila 2013; Tuovila et al. 

2014). These species share many similar morphological features, but have highly disjunct 

distributions in Africa, Asia, South America and New Zealand. This suggests that also the 

ecology of this lineage may have an ancient origin. 

The closest relative of C. schefflerae is C. resinophila, a species that grows on exudate of 

Kalopanax septemlobus (Thunb.) Koidz, a species in the Araliaceae restricted to temperate 

forests of East Asia. The high consistency of the ITS barcoding genes of both species would 

suggest that C. resinophila and C. schefflerae may have diverged relatively recently. According 

to molecular age estimates (Nicolas and Plunkett 2014), Kalopanax appeared in the Eocene 

around 35 million years ago and species of Pseudopanax appeared later in the Miocene, around 

17 million years ago. However, recently found fossil Pseudopanax from 23-million-year-old 

sediments of the Foulden Maarcrater in Otago, southern New Zealand, indicates a slightly older 

origin of the New Zealand Araliaceae (personal communication Jennifer Bannister). Given the 

fact that the vast majority of araliad species are distributed today in southern Asia, as well as 

the fact that Kalopanax is older than Pseudopanax, one might hypothesise that C. schefflerae 

and C. resinophila would have had a common ancestor that lived on exudates of Asian 

Araliaceae. Also, the very low intraspecific divergence within the ITS sequence of C. schefflerae 

would indicate that this particular species might not be ancient. From 497 base pairs of the ITS 
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region came only one from 15 samples that differed in one base pair, which corresponds to a 

Kimura two-parameter distance (Kimura 1980) of only 0.002. 
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TABLES 

 

Table 1. Voucher information for the new specimens studied. All specimens are deposited in the New 

Zealand Fungarium (PDD) Collection in Auckland. Cultures are deposited in the International Collection 

of Microorganisms from Plants (ICMP), Landcare Research in Auckland. 
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FIGURES 

 

 

 
 

Figure 1. Collection localities of Chaenothecopsis schefflerae in New Zealand. The different host species 

are indicated by colour. 
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Figure 2. Chaenothecopsis schefflerae on Pseudopanax colensoi var. ternatus in New Zealand. A, Dead 

branch infested by several different beetle species. B, Hardened exudate with Chaenothecopsis 

(PDD110728). C, Semi-hardened exudate with Chaenothecopsis (PDD110739). D, Beetle pupae within 

larval cavities in host branch. 
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Figure 3. Light micrographs of Chaenothecopsis schefflerae (PDD110739) on Pseudopanax arboreus. A, 

Ascomata. B, Detail of ascoma. Scale bars 1 mm. 
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Figure 4. Scanning electron micrographs of Chaenothecopsis schefflerae (PDD110739) on Pseudopanax 

arboreus. A, Ascoma. B, Capitulum. C, Stipe. D, Ascospore. E–F, Semi-mature capitula. G, Cross-section 

of stipe. H, Stipe surface. Scale bars 100 μm (A, C), 30 μm (E, F), 20 μm (B, H), 10 μm (G) and 1 μm (D). 
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Figure 5. Ascomal structures of Chaenothecopsis schefflerae (PDD110739) on Pseudopanax arboreus. A, 

Ascospores. B, Ascus tips. C, Hyphae of epithecium. D, Excipulum structure. E, Epithecium structure, tips 

of paraphyses presented as small circles. F, Stipe hyphae. G, Paraphyses. H, Asci. All scale bars 10 μm. 

Drawings by Hanna Tuovila. 
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Figure 6. Light micrographs of Chaenothecopsis schefflerae (Holotype, PDD42005). A, Ascomata. B, 

Detail of ascoma. Scale bars 1 mm. 
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Figure 7. Scanning electron micrographs of Chaenothecopsis schefflerae (Holotype, PDD42005). A, 

Ascomata; B, Capitulum. C, Stipe surface. D, Ascospore. E, Semi-mature capitulum. Scale bars 200 μm 

(A), 50 μm (E), 20 μm (B,C), 1 μm (D). 
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Figure 8. Ascomal structure of Chaenothecopsis schefflerae (Holotype, PDD42005). A, Ascospores. B, 

Ascus tips. C, Detail of paraphyse showing the ornamentation/amorphous crystals. D, Asci with spores, 

paraphyses and hymenial crystals. E, Excipulum structure. All scale bars 10 μm. Drawings by Hanna 

Tuovila.   
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Figure 9. Chaenothecopsis schefflerae in culture (ICMP 21683) isolated from specimen PDD110730. A, 

Three-month-old colonies on malt extract agar. B, Detail of colony surface. C–D, Conidiophores and 

conidia. E, Bundles of aerial hyphae. F, Conidiophores. G–H, Chlamydospores. I, Conidia. Scale bars 2 

mm (A), 1 mm (B), 50 μm (D) 20 μm, (E–F), 10 μm (C, G, H, I). 
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Figure 10. Reproductive structures of Chaenothecopsis schefflerae in culture (ICMP 21683). A, 

Production of chlamydospores. B, Conidiogenesis. Scale bar 10 μm.  Figure 11. Phylogenetic 

relationships of mycocalicioid fungi (Mycocaliciales, Ascomycota). Bayesian tree inferred from 

ribosomal internal transcribed spacer region and 28S (partial) sequences. Numbers at branches 

indicate Bayesian posterior probabilities. Asterisk marks the monophyletic clade on angiosperm 

exudates. 
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Figure 11. Phylogenetic relationships of mycocalicioid fungi (Mycocaliciales, Ascomycota). Bayesian 

tree inferred from ribosomal internal transcribed spacer region and 28S (partial) sequences. 

Numbers at branches indicate Bayesian posterior probabilities. Asterisk marks the monophyletic 

clade on angiosperm exudates. 
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SUPPLEMENTARY MATERIAL 

 

 

Table S1. GenBank accessions for the fungal ITS and LSU sequences used in this study for 

phylogenetic analysis (Fig. 9). 

 

Species name  GenBank accessions ITS/LSU 

Pyrgillus javanicus  DQ826741/DQ823103 

Caliciopsis sp.   GQ259981/GQ259980 

Chaenothecopsis sp. 1  X119110/JX119119 

Chaenothecopsis sp. 2  KC590480/KC590485 

Chaenothecopsis consociata  AY795851/DQ008999 

Chaenothecopsis diabolica  JX119109/JX119114 

Chaenothecopsis dolichocephala AY795854/AY795993 

Chaenothecopsis fennica  AY795857/AY795995 

Chaenothecopsis golubkovae AY795859/AY795996 

Chaenothecopsis khayensis JX122785/HQ172895 

Chaenothecopsis montana  JX119105/JX119114 

Chaenothecopsis neocaledonica KF815196/ KF815197 

Chaenothecopsis nigripunctata JX119103/JX119112 

Chaenothecopsis pallida  JX122779/JX122781 

Chaenothecopsis pusiola  JX119106/JX119115 

Chaenothecopsis quintralis -/ JQ267741 

Chaenothecopsis resinophila JX122780/JX122782 

Chaenothecopsis schefflerae KY499965/ KY499967 

Chaenothecopsis sitchensis JX119102/JX119111 

Chaenothecopsis tsugae  JX119104/JX119113 

Chaenothecopsis viridireagens AY795872/ DQ013257 

Mycocalicium albonigrum  AF223966/ AY796001 

Mycocalicium sp.  KC590482/KC590487 

Sphinctrina leucopoda  AY795875/AY796006 

Sphinctrina turbinata  AY795877/DQ009001 

Stenocybe pullatula  AY795878/AY796008 

Phaeocalicium populneum  AY795874/AY796009 

Phaeocalicium praecedens  KC590481/KC590486 


