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Abstract

During studies to investigate the health of mangrove trees in South Africa, high numbers of
Avicennia marina were found with leaf galls caused by unidentified adults and larvae of
midges (Cecidomyiidae). Fungal fruiting structures were commonly observed on the abaxial
areas of the galls. To determine the identity of the fungi associated with the gall midges,
phylogenetic analyses using multigene sequence data were used. The nuclear large subunit
(LSU), internal transcribed spacer (ITS), and a portion of the actin gene region (ACT), were
amplified and analyzed. The results revealed that the fungal fruiting structures represent a
new taxon in the Mycosphaerellaceae described here as Zasmidium mangrovei sp. nov. This
is the first report of a species in the Mycosphaerellaceae associated with cecidomyiid leaf
galls on A. marina.
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Introduction

Mangroves are considered amongst the most productive ecosystems globally. They are
important for carbon sequestration, vital for several food chains, anthropogenic uses and the
protection of coast lines against storm damage (Ellison 2015). Mangrove trees grow along
coastal areas of 123 countries in tropical and sub-tropical zones (Spalding et al. 2010). They
are well known for their ability to cope with harsh environments due to morphological and



physiological adaptations, such as glands that allow them to accumulate and excrete salt,
enabling plants to survive under these conditions (Tomlinson 1986; Wang et al. 2010).

In South Africa, six species of mangrove trees grow along the coastline of the Eastern Cape
and KwaZulu-Natal Provinces (Steinke 1999). Of these, Avicennia marina (Forssk.) Vierh.
(white mangrove) is the most prevalent species. As in other regions, mangrove ecosystems
are under significant threat due to anthropogenic activities (Spalding et al. 2010; Sippo et al.
2018). There are also increasing reports of pests and diseases affecting mangrove trees (Jenoh
et al. 2016; Osorio et al. 2017b; Piatek and Yorou 2018; Sanchez et al. 2018). Recent surveys
considering the health of mangrove trees in South Africa showed that of all the mangrove
species in the country, A. marina is most severely challenged by pests and pathogens (Osorio
et al. 2017b). These surveys also showed that the leaves of A. marina were commonly
colonized by different types of galls. The most common of these had a characteristic flat
shape, caused by cecidomyiid midges (Diptera: Cecidomyiidae). Interestingly, fungal fruiting
structures were commonly observed sporulating in these galls formations (Osorio et al.
2017b).

Leaf galls are abnormal plant tissue growths, formed as a response to stimuli commonly
caused by various microorganisms (Rohfritsch and Shorthouse 1982; Maia et al. 2008;
Carneiro et al. 2009) and/or arthropod attack (Espirito-Santo and Fernandes 2007). This
growth can be due to increase in cell volume (hypertrophy) and/or cell number (hyperplasia).
Plant galls usually give rise to a complex microhabitat where predators, parasitoids, tenants
and successors become established (Maia 2001). Fungi are regularly found within insect galls
(Rohfritsch 2008; Lawson et al. 2014; Washburn and Bael 2017), but little is known
regarding their role in the biology of the causal insects.

Despite increasing interest in mangrove trees, the microbiota of these trees remains a topic
that is relatively poorly studied worldwide. In this regard, there have been very few studies
considering the diversity of mangrove fungi in South Africa (Kohlmeyer and Kohlmeyer
1971; Steinke and Jones; 1993; Steinke and Hyde 1997; Osorio et al. 2016a). The most recent
investigations, including phylogenetic analyses for isolated fungi, have contributed
substantially to the knowledge of fungal communities associated with mangroves globally (de
Souza Sebastianes et al. 2013; Abdel-Wahab et al. 2014, 2018, 2020) and in South Africa
(Osorio et al. 2015, 2016b, 2017a). The aim of this study was to elucidate the identity of
fungi associated with leaf galls reported on A. marina. Multigene sequence analyses of the
nuclear large subunit (LSU), internal transcribed spacer (ITS) regions, and a portion of the
actin gene region (ACT) were conducted, accompanied by morphological comparisons.

Materials and methods
Sampling

Avicennia marina leaves with galls and with obvious fungal fruiting bodies on them were
collected at eight localities in South Africa. These included Kosi Bay (26°54'23.91"S,
32°52"26.18"E), St. Lucia (28°22'44.87"S, 32°25'22.67"E), Mlalazi Nature Reserve at
Mtunzini (28°57'15.39"S, 31°46'23.03"E), Beachwood at eThekweni/Durban
(29°48'19.01"S, 31°02"28.90"E) and Isipingo (29°59'32.10"S, 30°56'59.72"E) in the
KwaZulu-Natal Province, South Africa. In the Eastern Cape Province samples were obtained
from Mgazana estuary (31°41'44.97"S, 29°24'32.24"E), Nahoon (32°58'54.13"S,
27°56'38.36"E) and Wavecrest (32°34'49.19"S, 28°31'24.33"E) (Fig. 1). Sampling was



conducted from March to November 2013. The sample size was standardized; 20 leaves in
total of A. marina per site (one leaf per tree) with different levels of gall formation were
collected and placed in paper bags and transported to the laboratory facilities of the Forestry
and Agricultural Biotechnology Institute (FABI), University of Pretoria, for processing. All
sampling was carried out with the permission of the pertinent conservation authorities
(Ezemvelo KZN Wildlife; Eastern Cape Parks & Tourism Agency, permits no OP3728, OP
4776, OP 1457, ECPTA—RA 00,119).
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Fig. 1. Map of -th)e south-eastern coastline of South Africa showing the sites where stands of
Avicennia marina were sampled for midge leaf-galls

Fungal isolations

Galls were meticulously screened for fungal structures using a Nikon SMZ 745 dissection
microscope. Isolation of fungi was achieved by transferring spores directly from spore
masses within the pseudothecial cavities formed on the abaxial (lower) surfaces of leaf galls
and/or by ascospores shot from the ascomata as described by Crous (1998), onto 2% malt
extract agar (MEA; 15 g agar and 20 g malt extract I"!) (Biolab). Single germinating spores
were transferred onto a new Petri dish containing 2% MEA, with 0.4 g streptomycin sulfate
1! (Sigma-Aldrich, USA) and incubated at 25 °C. The obtained colonies were purified and
used for DNA extractions and subjected to molecular identification.

Pure cultures were selected to be deposited in the culture collection (CMW) of the Forestry
and Agricultural Biotechnology Institute (FABI), University of Pretoria, and duplicate
cultures of the novel species were deposited in the culture collection of the CBS-KNAW
Collections, Westerdijk Fungal Biodiversity Institute, Utrecht, the Netherlands (Table 1). The
type specimens were deposited in the fungarium of the National Collection of Fungi (PREM,
Pretoria, South Africa).



Table 1 Information of representative fungal isolates obtained from Avicennia marina leaf-galls in South Africa

Fungal species Isolate (CMW) No Host Plant tissue Location GenBank Accession numbers

in South

Africa LSU ITs ACT
Zasmidium mangrovei sp. nov CMW41457 A. marina Leaf galls Kosi Bay MW046211 KY290857 MW052503
Zasmidium mangrovei sp. nov CMW41458 A. marina Leaf galls St. Lucia MW046212 KY290861 MW052504
Zasmidium mangrovei sp. nov CMW41472 (T) CBS142048 A. marina Leaf galls Mtunzini MW046214 KY290860 MW052506
Zasmidium mangrovei sp. nov CMW41459 A. marina Leaf galls Durban MW046213 KY290858 MW052505
Zasmidium mangrovei sp. nov CMW42048 A. marina Leaf galls Mgazana MW046215 KY290859 MW052507

CMW culture collection of the Tree Protection Co-operative Programme (TPCP) at FABI, University of Pretoria

(T) Type species



Fungal identification
DNA extraction, PCR and sequencing

To extract genomic DNA, three-week-old fungal tissue was placed into 2 mL sterile
Eppendorf tubes for freeze-drying. The mycelium was powdered using a Mixer Mill type
MM 301 Retsch® tissue lyser (Retsch, Germany) with a frequency of 30 cycles per second for
3 min. The methodology described by Raeder and Broda (1985) was used to extract DNA,
and the resulting DNA was suspended in 50 puL. ddH20, after which 5 pL. RNAse were added
and the samples incubated at 37 °C for 60 min. To measure the quality and quantity of the
extracted DNA, a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies, USA)
was used.

Three loci were used for identification of fungi obtained from leaf galls on A. marina. Initial
identification was based on sequencing of the ITS, including the 5.8S rDNA regions one and
two. Based on results from the ITS sequences, the LSU and ACT gene regions were
sequenced for species level identification.

The ITS region was amplified with the primer pair ITS1/ITS4 (White et al. 1990). The LSU
region was amplified using primers LRS5 (Vilgalys and Hester 1990) and LROR (Moncalvo et
al. 1993), and the partial actin (ACT) gene region was amplified using the primers ACT-512F
and ACT-783R (Carbone and Kohn 1999). PCR reaction mixtures consisted of 25 pL
containing 2 uL. of DNA (20 ng), 2.5 pL 10 x PCR reaction buffer (containing MgCI2), 2.5
pL ANTP (5 mM), 0.5 pL of each primer (10 mM), 0.2 uL Fast start Taq DNA Polymerase
(Roche Applied Science, Mannheim, Germany) and 0.5 pL. MgCl2 (25 mM). To adjust the
reaction mixtures to 25 puL, ddH2O was added.

PCR reactions were performed using the following thermal cycling conditions: initial
denaturation at 94 °C for 4 min followed by ten cycles consisting of 94 °C for 20 s, 53 °C
(LSU) and 55 °C (ITS) for 48 s, 72 °C for 45 s, followed by a further 25 cycles of 94 °C for
20 s, 61 °C (ACT) and 55 °C (ITS) for 40 s with a time increase of 5 s each cycle, and 72 °C
for 45 s. This was concluded with a final elongation step at 72 °C for 10 min. An aliquot of 5
pL of each PCR product was stained with GelRed™ nucleic acid gel stain (Biotium, USA),
separated on a 1% agarose gel for 20 min at 90 V and viewed with the Gel Doc EZ Imager
(Bio-Rad Laboratories Inc.).

PCR products were cleaned using Sephadex G-50 columns (Sigma Aldrich, Sweden). Both
strands of each gene region were sequenced with the BigDye terminator cycle sequencing kit
(PE Applied Biosystems, USA) using the same primers used for the initial amplification.

Phylogenetic analyses

Sequences were checked manually and contigs generated from the forward and reverse
sequences for each isolate and each locus using CLCBio 7.6.1 (Cambridge, Massachusetts).
Sequences obtained in this study were compared with those from GenBank
(http://www.ncbi.nlm.nih.gov) using the BLASTn algorithm (Altschul et al. 1990).

Data matrices for each gene region were compiled in MEGA 7 (Kumar et al. 2016). These
included sequences of isolates obtained from mangroves and reference sequences from
GenBank. Alignments were done online using MAFFT 7 (Katoh and Standley 2013), and



ends were trimmed in MEGA 7 (Kumar et al. 2016). All datasets were subjected to Bayesian
inference (BI), maximum likelihood (ML) and maximum parsimony (MP) analyses.

ML analysis was performed using the online version of PhyML 3.0 (Guindon et al. 2010),
with the automatic substitution model selection by SMS (Smart Model Selection) (Leford et
al. 2017). The Akaike selection criterion (AIC) (Sugiura 1978) was used to determine the
gamma shape and number of substitution sites (nst), and confidence levels were estimated
with fast likelihood-based method (Anisimova and Gascuel 2006). MP analyses were
conducted using PAUP* v. 4.0b10 (Swofford 2003). Gaps and missing data were excluded in
the MP analyses. Appropriate substitution models for BI analyses were determined for each
of the data sets using the MrModeltest 2.3 (Nylander 2004). Bayesian analysis was completed
using the Markov Chain Monte Carlo (MCMC) algorithms (Larget and Simon 1999) in
MrBayes 3.2 (Ronquist et al. 2012). The MCMC chains were run for 5 million generations.
Four chains were used and trees were sampled every 100th generation. Burn-in values were
manually determined, and all sampled trees having lower than the burn-in values were
discarded. The phylogenetic trees were viewed in MEGA 7 (Kumar et al. 2016), and post-
processed with Adobe Illustrator CC v. 2018 (Adobe, San Jose, USA).

Morphological characterization

For the description of the novel species, the morphology of microscopic features including
asci, ascospores and ascomata were investigated from leaf preparations and likewise, the
colony morphology was characterized. Fungal material directly from leaves was mounted on
microscope slides in 85% lactic acid and examined under a Zeiss Axioskop microscope (Carl
Zeiss, Germany). To obtain images an Axiocam digital camera connected to the microscope
was used. Fungal structures were measured using the Axiovision 3.1 software (Carl Zeiss,
Germany). Characters such as size of ascomata, size, shape and pigmentation of ascospores
were determined. Fifty measurements of the length and/or width of structures (1/w) were
made for each morphological character and the mean, standard deviation and 95% confidence
intervals were calculated. Minimum and maximum sizes are presented in parentheses as
(min—) mean —/ + Confidence interval (—max).

For the description of the novel species, colony color, size and texture were described by
transferring a small portion from a pure culture (less than 1 mm approx.) into the center of
60 mm-diam Petri dishes containing 2% MEA. Three replicates per isolate were incubated at
25 °C, and assessed every seven days for one month. Colony color was defined using the
color charts of Rayner (1970). A nomenclatural novelty and description was deposited in
MycoBank (www.MycoBank.org) (Robert et al. 2013).

Results
Fungal isolations

A total of 160 leaves showing similar gall shapes, were sampled from 20 A. marina
individuals per site, at eight sampling sites. All the leaves showed similar fruiting structures
and all of these were associated with leaf-galls on the abaxial sides of the leaves. After
evaluation of the 160 leaves, half of these (80) were selected for single spore isolations,
which resulted in 100 pure colonies resembling species in the Mycosphaerellaceae.



Fungal identification
PCR amplification and sequencing

Because the 100 isolates obtained from leaf galls were morphologically similar based on
colony colour and microscopy, 20 representative cultures were randomly selected for
identification based on DNA sequencing. These isolates were selected to represent all eight
sampling localities. ITS sequences were generated for all the selected cultures and were
found to be 100% identical. A sub-set of eight isolates was then selected for further
identification using additional loci, namely the LSU and ACT gene regions. The sequence
fragments were approximately 826 bp in size for the LSU, 485 bp for the ITS, and 367 bp for
ACT.

Phylogenetic analyses

Preliminary analyses based on BLAST searches of the ITS sequence data for the isolates
obtained from the leaf galls on A. marina indicated that the isolates represented an unknown
species in the Mycosphaerellaceae. The phylogenetic relationship of the mangrove isolates
with currently known species was determined in a subsequent analysis of single sequence
datasets of three loci (ACT, ITS and LSU) (Table 1).

The LSU sequences were used to show placement of the isolates at the family and genus level
(Online Resource 1) following the recent most comprehensive re-assessment of the
Mycosphaerellaceae (Videira et al. 2017). Isolates from A. marina grouped in a clearly
distinct and novel lineage in the genus Zasmidium (Online Resource 1). Species level
identification was further confirmed by separate analyses of data sets for the ITS and ACT
gene regions, which both clearly showed that isolates from A. marina is distinct from other
currently known species for which DNA data are available in Zasmidium (Figs. 2 and 3).
Similar to the LSU analyses, the fungus from A. marina in South Africa formed a novel
lineage within the genus Zasmidium.
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Fig. 2. Phylogram obtained from BI and ML analyses of the ITS data set. The isolates obtained from mangroves
(in bold). The ex-type isolate of each species is indicated by T. BI posterior probabilities (PP) >90% and
Bootstrap support values (BS) > 70% are indicated near the nodes as BI/ML. * =PP <90
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Fig. 3. Phylogram of species in the Mycosphaerellaceae from BI and ML analyses of the ACT gene regions.
The isolates obtained from mangroves (in bold). The ex-type isolate of each species is indicated by T. BI
posterior probabilities (PP) > 90% and Bootstrap support values (BS) > 70% are indicated near the nodes as
BI/ML. *=PP <90

Taxonomy

Based on comparisons of multigene sequence data, a new species of Zasmidium in the
Mycosphaerellaceae was found to be associated with galls of a cecidomyiid midge on A.
marina. The sexual state of the fungus was commonly observed on galls while an asexual
stage was never found.

Zasmidium mangrovei

J.A Osorio & Jol. Roux sp. nov. (Fig. 4). MycoBank: (MB 835,776).



Fig. 4. Mature midge leaf-galls on Avicennia marina (a—b), showing with arrows the fruiting bodies (b) Vertical
section through leaf-gall tissue and hypophyllous (e—d) Asci apex showing the apical thickening and pore, and
biseriate ascospores (e—f). Mature ascospore showing with arrow the big guttule in the center (g). (Bars: A—
B=2mm, C-D=100 pm, E-F-G =10 pum)
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Etymology: Epithet refers to mangroves, the tree on which the novel species was found in
association with cecidomyiid midge flies.

Leaf galls amphigenous, circular to subcircular (2.43—) 3.8-4.7 (—6.2) mm, becoming black
(*1) on the adaxial side.

Sexual state: Ascomata pseudothecial immersed, hypophyllous, subepidermal, within the
spongy mesophyll, erumpent, unilocular, several in the same gall but not forming stroma,
globose to subglobose, rarely pyriform (56—) 68—77 (—88) um wide. Peridium composed of
an outer 1-3 layered of pale brown drab (9'°’’d) wall cells, textura angularis, inner cells are
hyaline. Asci clavate to clavate-cylindrical, with developed ocular chamber, aparaphysate,
fasciculate, bitunicate, subsessile, arising from abaxial side, octosporic, (22—) 28-37 (-45)
pum long, (7-) 8-9.5 (—=10.5) um wide. Ascospores aseptate when young, no mature
ascospores were observed, biseriate, thin walled, ovoid with rounded ends, hyaline, smooth
(without mucoid sheath), unicellular, one big guttule in the center of the spore (6.5—) 8—10 (—
12) pm long, (3.8-) 4.2-5 (-5.5) um wide, ascospore germination not seen.

Asexual state: Unknown, no spore forming was observed from the colonies growing on
nutrient media, neither on leaves.

Colonies slow growing (reaching 2 mm diameter after 2 wk. and 5-6 mm diam. after 1 mo.)
on MEA (Malt Extract Agar) at 25 °C. Colonies with circular to irregular blackish margins,
rising centrally with a hard texture almost without aerial mycelium. Turning from greyish
olive (21"’) to greenish glaucous (33"’f), reverse colonies black to dark blackish brown
(1””°m) after one month. Even though different nutrient media were tested for stimulation of
sporulation, only vegetative hyphae was present, spore forming structures were not obtained
(all cultures obtained and examined in the present study were infertile).

The type: SOUTH AFRICA, KWAZULU-NATAL PROVINCE, St. Lucia, isolated from
galls formed on the leaves of Avicennia marina, collector J.A. Osorio, March 2013. Holotype
PREM 41,457, living culture Ex-holotype CMW41472 = CBS142048.

Additional material examined: SOUTH AFRICA, KWAZULU-NATAL PROVINCE, Kosi
Bay, isolated from galls formed on the leaves of Avicennia marina, collector J.A. Osorio,
March 2013, living culture ex-paratype CMW41457; SOUTH AFRICA, KWAZULU-
NATAL PROVINCE, St. Lucia, isolated from galls formed on the leaves of Avicennia
marina, collector J.A. Osorio, March 2013, living culture ex-paratype CMW41458; SOUTH
AFRICA, KWAZULU-NATAL PROVINCE, Durban, isolated from galls formed on the
leaves of Avicennia marina, collector J.A. Osorio, March 2013, living culture ex-paratype
CMW41459.

Habitat: Mangrove forest characterized by high salt concentration, siltation, anoxic soils,
dominated by A. marina trees.

Host tree: Avicennia Marina

Substrate: Cecidomyiidae leaf galls
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Known distribution in South Africa: Beachwood, Isipingo, Kosi Bay, Mlalazi Nature Reserve
at Mtunzini and St. Lucia in KwaZulu-Natal Province. Mgazana estuary, Nahoon and
Wavecrest in Eastern Cape Province.

Notes Zasmidium mangrovei forms a novel lineage in Zasmidium with no distinct closely
related species. It has aseptate ascospores that represent a distinctive trait. To the best of our
knowledge Zasmidium species that are known to form only the sexual morph have 1-septate
ascospores. The lack of septa in Z. mangrovei may, however, be due to the fact that no
mature ascospores were found on the leaves examined. In addition, Z. mangrovei has wider
and ovoid ascospores, with the presence of a large guttule that occupies the center of the cell,
compared to, for example Z. citri-griseum and Z. musae, which have ascospores that are
narrower, septate and that are straight and oblong to clavate. Likewise, ascospores of Z.
eucalyptorum are tri- to multi-seriate, straight to slightly curved, with obtuse ends and 1-
sepatate.

Discussion

This study contributes to the limited knowledge of fungi associated with mangrove trees in
South Africa. A novel species was consistently isolated from the specialized Cecidomyiidae
leaf gall niche on white mangrove (A. marina). The new species, described as Zasmidium
mangrovei, is a member of the Mycosphaerellaceae, and this is the first study to report the
occurrence of Zasmidium on A. marina leaves in South Africa. It is also the first report of this
genus from mangroves.

Leaf galls provide nutrition and shelter for gall-inducing insects, and also form a niche
suitable for many other organisms, including fungi. Previous studies have estimated that the
global richness of leaf gall-inducing insects ranges from 21 000 to 211 000 species, with
environments having greater plant richness likely harboring higher numbers (Espirito-Santo
and Fernandes 2007). Despite the diversity of these insects globally, relatively little is known
about them and or their interactions with fungi. Previous studies have reported a broad range
of fungal families on the external surfaces of insect galls (Crous et al. 2006; Rohfritsch 2008;
Lebel et al. 2012; Lawson et al. 2014). However, rather specialized fungal associates appear
to line gall-midge larval chambers (Lebel et al. 2012). There are no previous reports of
Mycosphaerellaceae detected from leaf galls formed on true mangrove tree species providing
novelty to this study.

The Mycosphaerellaceae is a widespread and species-rich fungal family, including thousands
of species and 120 phylogenetically recognized genera (Videira et al. 2017). These fungi are
known from diverse habitats, and play a large variety of ecological roles. Some of these fungi
are pathogens of important crop plants such as banana, citrus, and olive (Avila et al. 2005;
Chang et al. 2016; Aguilera-Cogley et al. 2017). Molecular methods have substantially
advanced the problematic taxonomy of genera and species in the Mycosphaerellaceae (Crous
et al. 2009; Videira et al. 2017). One of the recently reassessed genera is Zasmidium
(Arzanlou et al. 2007; Braun et al. 2010a, 2013; Videira et al. 2017), which currently
accommodates more than 40 species and the species described in this study adds to this
assemblage.

Phylogenetic analyses confirmed that isolates from A. marina grouped in a clearly distinct

lineage in the Mycosphaerellaceae, within the genus Zasmidium. This was confirmed by all
three gene regions studied. Characteristics of the ascospores must be interpreted with caution
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as only seemingly young ascospores were found on the leaves examined. The most relevant
possible differences in ascospore morphology is that those of Z. mangrovei are ovoid and
non-septate, and have large guttules that occupy the center of the cell. This is in contrast with
those of for example Z. eucalyptorum, which aside from being narrower, and longer; have
septa and are straight to slightly curved, with obtuse ends, or the septate ascosores of Z.
pseudoparkii. Colony growth on MEA at 25 °C also differs for all the species. Zasmidium
mangrovei, for instance, has a slow growth (reaching 2 mm diam. after 2 wk. and 5-6 mm
diam. after 1 mo.) in comparison with Z. citri-griseum (covering the dish after 2 mo.), Z.
proteacearum (8 mm diam after 2 wk), Z. eucalyptorum (25-30 mm after 3 wk.) and Z.
pseudoparkii (23—30 mm after 3 wk).

Four other Mycosphaerellaceae species have been isolated from Avicennia species. These are
Mycosphaerella pneumatophorae (Kohlmeyer and Kohlmeyer 1971), Pseudocercospora
avicenniae, Pseudocercospora avicenniicola and Rhabdospora avicenniae (Kohlmeyer and
Kohlmeyer 1971; Shivas et al. 2009; Braun et al. 2010b). Mycosphaerella pneumatophorae
was isolated from bark, particularly pneumatophores (Kohlmeyer and Kohlmeyer 1971), P.
avicenniae and P. avicenniicola occurs on leaves (Shivas et al. 2009; Braun et al. 2010b) and
R. avicenniae was reported from dead mangrove wood (Kohlmeyer and Kohlmeyer 1971).
No sequence data are available for P. avicenniicola and R. avicenniae and their identity is
based only on asexual morphological descriptions. This is problematic in light of the
extensive changes to the taxonomy of the Mycosphaerellaceae in recent years. Zasmidium
mangrovei, however, cannot be compared with these species based on morphology, due to the
lack of the formation of asexual structures.

Only three other Zasmidium species have previously been reported from South Africa. These
include Z. arcuatum (host plant Ischyprolepsis subieriticilliata), Z. strelitziae (host plant
Strelitzia sp.) and Z. velutinum (host plant Brabejum stellatifolium). None of these are
phylogenetically closely related to Z. mangrovei (Videira et al. 2017).

The discovery of Z. mangrovei in association with midge galls over the entire range of
mangrove distribution in South Africa suggests that the fungus may have a specific role in
this niche. The fungus sporulated only when the galls were at their maturity and was never
found sporulating on leaf parts that were not galled, indicating potential coevolution between
the fungus and the insect. This is consistent with previous studies that reported symbiotic
fungal associates lining the gall-midge larval chambers on Chenopodiaceae plants (Lebel et
al. 2012). Mycosphaerella nubilosa (Cooke) Hansf. (Hansford 1956) (formerly
Mycosphaerella molleriana) and Zasmidium pseudovespa (Carnegie) U. Braun, C. Nakash.,
Videira & Crous (Videira 2017) (formerly M. pseudovespa) have been isolated from wasp
galls on leaves of E. globulus and E. biturbinata in Australia (Carnegie et al. 2007). Some of
the gall midges are considered mycophagous (Bisset and Borkent 1988; Veenstra-Quah et al.
2007; Heath and Stireman 2010) and this may also be the case with Z. mangrovei. However,
whether the fungus is vectored by the gall midges or is an endophyte of the host plant,
remains unknown.

Despite manglicolous fungi being well documented, the majority of studies have been
conducted in East and South East Asia, particularly in Malaysia, reflecting a higher sampling
intensity than in other geographical regions (Alias et al. 2010; Osorio et al. 2016a). To date,
approximately 2200 fungal taxa have been recorded from mangroves in tropical and
subtropical regions (Jones and Tan 1987; Hyde & Jones 1988; Abdel-Wahab 2005; Vittal &
Sarma 2006; Alias et al. 2010; Simdes et al. 2015; Suetrong et al. 2017). The first fungal
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groups (ten genera), from mangroves in South Africa were reported by Kohlmeyer and
Kohlmeyer (1971). More than 20 years later, 57 different genera have been added (Singh and
Steinke 1992; Steinke and Gareth Jones 1993; Steinke and Hyde 1997; Steinke 2000).
Recently another eight different fungal genera were discovered (Osorio et al. 2015, 2017a,
2017b). The report of a novel fungal species from Cecidomyiidae leaf galls on A. marina in
South Africa increases the number of fungal genera known from mangrove trees to 76 in the
country.
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