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ABSTRACT
Species of Halophytophthora are early colonisers of fallen mangrove leaves in the tropics but
recently found commonly in temperate areas. In mangrove habitats, temperature and salinity
change rapidly daily (high/low tide) and seasonally (summer/winter, rainy/dry seasons). Mangrove
organisms have to develop adaptive strategies to thrive in such a physiologically challenging
environment. In this study, growth of three isolates of Halophytophthora avicenniae and two
isolates of H. batemanensis was tested under combined effects of 3 temperatures (15°C, 25°C, 37°
C), 3 pHs (6, 7, 8) and 4 salinities (4 ‰, 8 ‰, 16 ‰, 32 ‰). No/little growth was observed at 37°C
and growth saturation occurred earlier at 25°C than at 15°C. The log phase of growth was steeper
at pH 6 than pH 7 and 8. Temperature and pH were found to exert a greater effect on growth than
salinity. Generally, a reduction of growth rate was observed at pH 8 and 15°C. Increase in salinity
caused a slight decrease in growth, most noticeable at 32 ‰. The wide growth ranges of
temperature, salinity and pH of Halophytophthora isolates suggest that they are well adapted to
the physical and chemical conditions of mangrove habitats.
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1. Introduction

The genus Halophytophthora is classified under
the Pythiales, Oomycota (www.mycobank.com).
Characterisation of species of Halophytophthora
is mainly based on their asexual reproductive
characteristics: sympodial or irregular sporangio-
phore branching, papillate/non-papillate zoospor-
angia with smooth wall or spines, with or without
operculum, vesicle and plug (Nakagiri 2002).

Halophytophthora currently includes 14 marine
and freshwater species: H. avicenniae, H. bahamensis,
H. batemanensis, H. elongata, H. epistomia, H. exoproli-
fera, H. fluviatilis, H. insularis, H. masteri,
H. mycoparasitica, H. polymorphica, H. porrigovesica,
H. souzae and H. vesicula, after several phylogenetic
studies of the group using various genes (Hulvey
et al. 2010; Marano et al. 2014a, 2014b; Li et al. 2016;
Bennett et al. 2017; Jesus et al. 2019).Halophytophthora
is polyphyletic (Marano et al. 2014b) and consequently,
some species have been transferred to other known/
novel genera (e.g. H. kandeliae to Phytopythium,
Marano et al. 2014a) while some await further studies
(e.g. H. exoprolifera, Marano et al. 2014b).

Halophytophthora sensu stricto includes H. avicenniae,
H. batemanensis, H. insularis, H. polymorphica, H. souzae
and H. vesicula (Jesus et al. 2019).

Halophytophthora can be isolated from freshwater
to saline waters, from fallen mangrove leaves to sea-
grasses and from tropical (e.g. Brazil, Hong Kong,
Japan, Philippines, Taiwan) to temperate (e.g.
Denmark, France, Germany, Netherlands) regions,
although most have been reported from fallen leaves
of mangroves in tropical/subtropical locations (Leaño
et al. 2000; Nakagiri 2000; Nigrelli and Thines 2013;
Pang et al. 2015; Jesus et al. 2019; Man in ’t Veld et al.
2019; Nale et al. 2019). In the above studies, species
composition of Halophytophthora was found to be
different between different salinity gradients, geogra-
phical zones and substrates (hosts). Seasonal variation
(i.e. warm/cold seasons) and substrate specificity (i.e.
Bruguiera gymnorrhiza/Rhizophora stylosa) were also
found in Halophytophthora species isolated from the
mangrove of Iriomote Island (Nakagiri 2000). In man-
grove environments, Halophytophthora species are
early colonisers of fallen leaves and fulfill a degrader
role in mangroves by mineralising leafy materials for
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nutrition by the production of enzymes, such as cel-
lulases in H. vesicula (Raghukumar et al. 1994).
Zoospores of Halophytophthora are potential food
resources for grazing and filter-feeding zooplankton
and metazoan invertebrates (Sime-Ngando et al.
2011). Recently, an unknown Halophytophthora spe-
cies was found to inhibit germination of seeds of
Zostera marina in North Atlantic and Mediterranean
(Govers et al. 2016, 2017).

Mangroves are a harsh habitat as it is known to be
a sink of pollutants and their physical (temperature)
and chemical (salinity and pH of seawater) conditions
change daily and seasonally. Halophytophthora species
were found to tolerate low concentrations (<10 ppm)
of Cu(II), Zn(II) and Pb(II) but high concentrations (>100
ppm) impaired both growth and reproduction (Leaño
and Pang 2010). Leaño et al. (2000) investigated indi-
vidual effects of pH, temperature and salinity on
growth and sporulation of selected Halophytophthora
species and found that they had wide growth and
sporulation ranges. However, these factors influence
growth of Halophytophthora concurrently in mangrove
environments and therefore, this paper investigated
the combined effects of temperature, pH and salinity
on growth of Halophytophthora isolates cultured from
fallen leaves collected in mangroves of Taiwan.
Specifically, this paper reported mycelial growth of
three isolates of Halophytophthora avicenniae and two
isolates ofH. batemanensis under combined effects of 3
temperatures (15°C, 25°C, 37°C), 3 pHs (6, 7, 8) and 4
salinities (4 ‰, 8 ‰, 16 ‰, 32 ‰).

2. Materials and methods

2.1. Isolation

Fallen leaves were collected on different dates near
the river mouth at She-zi, Chu-nan, Pu-zi and Sih-cao
mangroves, Taiwan (Table 1). The leaves were washed
with tap water to remove surface mud and rinsed
twice with sterile seawater (30‰). Washed leaf pieces

(~1 cm2 square) were cut from the leaves and inocu-
lated in 15 ml sterile seawater (30 ‰) supplemented
with 0.5 g/L each of Penicillin G sodium salt and
Streptomycin sulphate in Petri dishes and incubated
at 25°C in the dark for 2 days. Individual zoosporangia
were picked under a stereomicroscope with a flame-
sterilised tweezer and sub-cultured onto peptone-
yeast extract-glucose seawater agar plates (PYGS: 4
g/L glucose, 4 g/L peptone, 4 g/L yeast extract, 14 g/L
agar, 30 g/L artificial sea salt) supplemented with
antibiotics (0.5 g/L Penicillin G-sodium salt and 0.5
g/L Streptomycin sulphate) as pure cultures.

2.2. Identification

One isolate (IMB157) was identified previously while the
rest was identified based on a nucleotide BLAST search
of their 18S and internal transcribed spacer regions (ITS)
of the rDNA in National Centre for Biotechnology
Information (NCBI). Mycelia were scraped from the sur-
faceof PYGSplates andground intofinepowder in liquid
nitrogen using amortar and a pestle. Genomic DNAwas
extracted using the DNeasy Plant DNA Extraction Kit
(Qiagen) according to the manufacturer’s instructions.
The nuclear rRNA genes were amplified using primers
NS1/NS4 or NS6 (18S) and ITS1 or ITS5/ITS4 (ITS) (White
et al. 1990). PCR reactions were performed in a 25 µL
volume containing 0.5 μl of the extracted DNA, 1 μl each
of the two primers (10 μM), 12.5 μl Taq premix (BIOMAN,
Taipei), 10 μl PCR water. The amplification cycle con-
sisted of an initial denaturation step of 95°C for 5 min
followed by 35 cycles of (a) denaturation (95°C for 30 s),
(b) annealing (55°C for 30s) and (c) elongation (72°C for
30 s) and a final 5 min elongation step at 72°C. The PCR
products were analysed by agarose gel electrophoresis
and sent to Genomics, Taipei, Taiwan for sequencing
using the same primers. The sequences obtained were
checked for ambiguity and assembled inMEGA7 (Kumar
et al. 2016) and submitted toNCBI for a nucleotide BLAST
search.

Table 1. Origin of the test Halophytophthora isolates and their identification.
GenBank accession no. BLASTn result (identity/sequence length (bp)/coverage/similarity)

Species Isolate no. Mangrove site 18S rDNA ITS rDNA 18S rDNA ITS rDNA

Halophytophthora avicenniae IMB157 She-zi KM205193 KM205202 Identified in Pang et al. (2015)
Halophytophthora avicenniae IMB215 Chu-nan MN559555 MN565895 HQ161104/1705/100%/100% KM205202/835/100%/99.87%
Halophytophthora avicenniae IMB225 Pu-zi MN559565 MN565898 HQ161104/1705/100%/100% KM205202/835/100%/99.88%
Halophytophthora batemanensis IMB217 Sih-cao MN559557 MN565900 GU994179/1737/100%/99.8% GU258916/914/100%/96.33%
Halophytophthora batemanensis IMB221 Pu-zi MN559561 MN565903 GU994179/1737/100%/100% GU258916/914/100%/99.37%
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2.3. Production of zoospores

The isolates were inoculated onto vegetable juice
agar plates [20% commercial vegetable juice (Bomy
daily 100% fruit & vegetable juice, Taiwan), 0.2%
CaCO3, 12 g/L agar, 2.5% seawater] at 25°C in dark-
ness for 1 week. Five agar disks were cut from the
growing edge of the colony and inoculated into an
empty Petri dish containing 2.5% sterile seawater at
25°C in darkness for 24 h. This zoospore suspension
(zoospores released into the seawater) was adjusted
to 1.1 × 103 spores/ml for all isolates and used as the
inoculum.

2.4. Growth study

Mycelial growth of the Halophytophthora isolates
under various combinations of temperatures, pHs
and salinities were measured based on a microtitre
plate (Co-Star 3595, Corning, Maine, USA) method
designed by Langvad (1999). A medium containing 4
g/L glucose, 4 g/L yeast extract and 4 g/L peptone was
used as the growth medium and 180 μl of this med-
ium adjusted to various pHs (6, 7, 8) and salinities (4
‰, 8 ‰, 16 ‰, 32 ‰ made by sea salt) were dis-
pensed into wells of the microtitre plate. Acidity/alka-
linity of the medium was adjusted using hydrochloric
acid (Taiwan Green Version Technology Ltd., New
Taipei City, Taiwan) and sodium hydroxide (Panrea,
Barcelona, Spain). The spore suspensions (20 μl) were
added to the wells and mixed briefly. For each treat-
ment, four replicates (wells) were done. The inocu-
lated plates were incubated at 15°C, 25°C and 37°
C. A set of control wells for each treatment, i.e. the
growth medium with no spores, was also prepared.
Absorbance of the wells of the microtitre plates was
measured daily at 630 nm using the multi-detection
microplate readers (Synergy HT, BioTek) for 9 days.
Growth of the isolates was represented by subtraction
of the absorbance of the inoculated wells to that of
the control wells.

2.5. Statistical analysis

For growth curve fitting, the sigmoidal function, logis-
tic I, had the best fit for the data and was used. The
modelling was performed using the program Origin
9.1 (OriginLab Corporation, USA). This function is
a generalised logistic model and has the formula:

y ¼ a
1þ e�k x�xcð Þ (1)

where, y represents the observed optical density at
time x; a, the upper asymptote; xc, the point of inflec-
tion on the x-axis; k, growth rate constant; e, the base
of the natural logarithm.

For comparison of growth between different tem-
peratures, one-way ANOVA was performed using
SPSS 25 (IBM Software, Inc., America) using Tukey-
test with post hoc comparison based on the average
of absorbances of the last three incubation days at
stationary phase or the absorbance on the last
incubation day when growth did not reach stationary
phase. The same test was also run for pH and salinity.

3. Results

Figure 1 shows the growth curves of the test isolates of
Halophytophthora avicenniae and H. batemanensis
under different incubation temperatures (15°C, 25°C),
pHs (6, 7, 8) and salinities (4 ‰, 8 ‰, 16 ‰, 32 ‰)
under the model logistic I. No/little growth was
observed at 37°C for all isolates and the available
growth data points at this temperature did not fit in
any growth models. At 25°C, growth reached satura-
tion on Day 3 to 4 for pH 6 and pH 7 for all salinities
while the time to reach growth saturation was
beyond Day 4 when incubated at 15°C. The log phase
of growth for pH 6 was the steepest while that for pH 8
was the least steep. The effect of salinity on growth of
the Halophytophthora isolates was not apparent,
except at 32 ‰ where a slower growth rate at pH 7
and pH 8 was observed. For H. avicenniae, isolate
IMB157 grew faster than IMB215 and IMB225; growth
responses of the two isolates of H. batemanensis were
similar.

Figure 2 shows comparisons of growth at different
pHs and salinities at 15°C, 25°C and 37°C for each isolate
based on the average absorbance of growth on Day 8, 9
and 10 (stationary phase). Temperature and pH exerted
pronounced growth effects on the isolates, when com-
pared with salinity. At 37°C, little growth was observed
for the two isolates H. batemanensis at pH 6 and pH 7
and >8‰ salinity while no noticeable growth was
detected for H. avicenniae. Generally, growth at different
pHs and salinities was similar at both 15°C and 25°C,
except for pH 8. Reduced growth was noted at pH 8.
Better growth was observed for pH 8 at 25°C than at 15°
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Figure 1. Growth curves of five Halophytophthora isolates under two temperatures (15°C, 25°C), three pHs (6: red line, 7: green line, 8:
blue line) and four salinities (4 ‰, 8 ‰, 16 ‰, 32 ‰) based on fitting of the generalised logistic model, logistic I.
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C; at the same pH, the three H. avicenniae isolates had
better growth than the two H. batemanensis isolates.
Increase in salinity only caused a slight decrease in
growth, and it was most notable at 32 ‰ salinity.

4. Discussion

Mangroves are a physiologically challenging envir-
onment for organisms with their significant varia-
tions in salinity (e.g. rainy/dry seasons, high/low
tide) and temperature (e.g. summer/winter, lower
temperature when water comes in during high tide
on sunny days/higher temperature when the sun
heats up mangrove floor during low tide) daily and
seasonally. As degraders of leaf litter in mangrove
environments, the selected isolates of
Halophytophthora avicenniae and H. batemanensis
showed a wide tolerance of salinity and tempera-
ture for growth, as well as a wide pH growth
range, suggesting that they can physiologically
adapt to changes in physical (temperature) and
chemical (pH and salinity of seawater) conditions.
The results are in agreement with Leaño et al.
(2000) who reported that different
Halophytophthora species showed wide growth
ranges of pH (6–9), salinity (0–60 ‰) and tempera-
ture (10–35°C), although better growth was
observed at neutral pH, 10–40 ‰ salinity and
20–30°C.

No/little growth was observed at 37°C for the
Halophytophthora isolates. Jesus et al. (2019) found

that the two new species of Halophytophthora
(H. souzae and H. insularis) did not grow at 40°C but
were able to resume growth after reintroduction to
21°C, suggesting that 40°C was not a lethal tempera-
ture for these species. Growth resumption at a lower
temperature after incubation at 37°C was not exam-
ined in this study but this ability expressed by
Halophytophthora species confirms their adaptation
to temperature fluctuations of mangrove habitats.

The Halophytophthora isolates showed growth at 15°C,
suggesting that this genus can colonise colder climate.
Halophytophthora isolates (within Halophytophthora sensu
stricto) were cultured from leaf litter/organic debris at sites
near Hamburg, Germany and were able to grow from 5°C
to 30°C although the optimal temperatures for growth
among the isolates varied (Nigrelli and Thines 2013).
Unknown Halophytophthora species were also isolated
from the Wadden Sea (Denmark), the Dutch Delta area
(the Netherlands) and Thau lagoon (France), suggesting
that species of this genus are not restricted to tropical/
subtropical locations but have a much wider worldwide
distribution than previously thought (Man in ’t Veld et al.
2019). Hassett et al. (2019), using a high throughput
sequencing technique, detected sequence signatures of
Halophytophthora in the Arctic. Distribution of
Halophytophthora and related taxa worldwide might have
been overlooked; alternatively, Halophytophthora species
can disperse through recent events, e.g. through ballast
water (Nigrelli and Thines 2013; Pang et al. 2013).

Optimal growth pH for Halophytophthora species
was found to be at neutral or slightly acidic pH

Figure 2. Growth of five Halophytophthora isolates under three temperatures (15°C, 25°C, 37°C), three pHs (6, 7, 8) and four salinities (4
‰, 8‰, 16‰, 32‰) based on the average of the absorbance of the last three incubation days at the stationary phase of growth or
the absorbance on the last incubation day when growth did not reach the stationary phase. The bars with the same letter or Roman
numeral represent no significant difference (p< 0.05).
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(Leaño et al. 2000; this study), although average pH of
seawater is around pH 8. The sediment pH of man-
groves of Taiwan where fallen leaves rest on during
low tide (at the time when they were collected) was
found to be slightly acidic (Hseu and Chen 2000; Hsueh
and Lee 2000). Combustion of fossil fuel has already
caused a reduction of ocean pH by 0.1 unit and the
prediction model suggested that a further pH reduc-
tion of 0.7 units would be resulted if carbon dioxide
continues to be released (Caldeira and Wickett 2003).
The optimal growth of Halophytophthora species at
neutral/acidic pH suggests that ocean acidification
might not exert a strong effect on mangrove
Halophytophthora. In a microcosm study of seawater
of the North Sea, a higher abundance and an increase
in species richness of marine fungi were observed after
incubation at pH 7.81 and 7.67 compared with the
normal pH of the North Sea (8.10), showing that mar-
ine filamentous fungi and yeasts might benefit from
seawater acidification (Krause et al. 2013a, 2013b).

The results of this study may have industrial impli-
cations. Halophytophthora sensu lato species (includ-
ing Salispina spinosa) are known to produce both
saturated and unsaturated fatty acids in their mycelia,
especially the essential polyunsaturated arachidonic
and eicosapentaenoic acids, among others (Pang
et al. 2015). The fast growth rate, i.e. 3–4 days reach-
ing the stationary phase of growth, for most species
under optimal conditions may be advantageous for
industrial production of these beneficial fatty acids.

In conclusion, the test isolates of H. avicenniae and
H. batemanensis showed wide growth ranges of tem-
perature (15°C, 25°C), pH (6, 7, 8) and salinity (4 ‰, 8
‰, 16 ‰, 32 ‰). The optimal conditions for growth
were 25°C, pH 6 and 4–16 ‰ salinity. These physio-
logical characteristics enable Halophytophthora spe-
cies to cope with the fluctuating chemical (pH/salinity
of seawater) and physical (air/seawater temperature)
conditions and to be one of the dominant colonisers
of fallen leaves in mangrove environments. However,
the effects of these environmental stressors on spor-
ulation and zoospore germination of
Halophytophthora are unknown and this area requires
further studies.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by The Ministry of Science of
Technology, Taiwan under Grant [104–2621–B–019-004–].

ORCID

Ka-Lai Pang http://orcid.org/0000-0003-4403-925X

References

Bennett RM, de Cock AWAM, Lévesque A, Thines M. 2017.
Calycofera gen. nov., an estuarine sister taxon to
Phytopythium, Peronosporaceae. Mycol Progr. 16:947–954.

Caldeira K, Wickett ME. 2003. Anthropogenic carbon and ocean
pH. Nature. 425:365.

Govers LL, Man in ’t Veld WA, Meffert JP, Bouma TJ, van
Rijswick PCJ, Heusinkveld JHT, Orth RJ, van Katwijk MM,
van der Heide T. 2016. Marine Phytophthora species can
hamper conservation and restoration of vegetated coastal
ecosystems. Proc Royal Soc B. 283:20160812.

Govers LL, van der Zee EM, Meffert JP, van Rijswick PC, Man in ’t
Veld WA, Heusinkveld JH, van der Heide T. 2017. Copper
treatment during storage reduces Phytophthora and
Halophytophthora infection of Zostera marina seeds used
for restoration. Sci Rep. 7:43172.

Hassett BT, Thines M, Buaya A, Ploch S, Gradinger R. 2019.
A glimpse into the biogeography, seasonality, and ecologi-
cal functions of arctic marine Oomycota. IMA Fungus. 10:6.
doi:10.1186/s43008-019-0006-6.

Hseu ZY, Chen ZS. 2000. Monitoring changes of redox poten-
tial, pH, and electrical conductivity of the mangrove soils in
northern Taiwan. Proc Nat Sci Council ROC Part B: Life Sci.
24:143–150.

Hsueh ML, Lee HH. 2000. Diversity and distribution of the
mangrove forests in Taiwan. Wetl Ecol Manag. 8:233–242.

Hulvey J, Telle S, Nigrelli L, Lamour K, Thines M. 2010.
Salisapiliaceae – a new family of oomycetes from marsh grass
litter of southeastern North America. Persoonia. 25:109–116.

Jesus AL, Marano AV, Gonçalves DR, Jerônimo GH, Pires-
Zottarelli CLA. 2019. Two new species of
Halophytophthora from Brazil. Mycol Prog. 18:1411–1421.

Krause E, Wichels A, Erler R, Gerdts G. 2013a. Study on the
effects of near-future ocean acidification on marine yeasts:
a microcosm approach. Helgoland Mar Res. 67:607–621.

Krause E, Wichels A, Giménez L, Gerdts G. 2013b. Marine fungi
may benefit from ocean acidification. Aquat Microb Ecol.
69:59–67.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolu-
tionary genetics analysis version 7.0 for bigger datasets. Mol
Biol Evol. 33:1870–1874.

Langvad F. 1999. A rapid and efficient method for growth
measurement of filamentous fungi. J Microbiol Meth.
37:97–100.

MYCOLOGY 261

https://doi.org/10.1186/s43008-019-0006-6


Leaño EM, Jones EBG, Vrijmoed LLP. 2000. Why are
Halophytophthora species well adapted to mangrove
habitats. Fungal Divers. 5:131–151.

Leaño EM, Pang KL. 2010. Effect of copper(II), lead(II), and
zinc(II) on growth and sporulation of Halophytophthora
from Taiwan mangroves. Water Air Soil Pollut. 213:85–93.

Li GJ, Hyde KD, Zhao RL, Hongsanan S, Abdel-Aziz FA, Abdel-
Wahab MA, et al. 2016. Fungal diversity notes 253–366:
taxonomic and phylogenetic contributions to fungal taxa.
Fungal Divers. 78:1–237.

Man in ’t Veld WA, Rosendahl KCHM, van Rijswick PCJ,
Meffert JP, Boer E, Westenberg M, van der Heide T,
Govers LL. 2019. Multiple Halophytophthora spp. and
Phytophthora spp. including P. gemini, P. inundata and
P. chesapeakensis sp. nov. isolated from the seagrass
Zostera marina in the Northern hemisphere. Eur J Plant
Pathol. 153:341–357.

Marano AV, Jesús AL, de Souza JI, Leaño EM, James TY, de
Cock AWAM, Pires-Zottarelli CLA. 2014a. A new combination
in Phytopythium: P. kandeliae (Oomycetes, Straminipila).
Mycosphere. 5:510–522.

Marano AV, Jesús AL, Pires-Zottarelli CLA, James TY, de Souza
Gleason FHJI. 2014b. Phylogenetic relationships of Pythiales
and Peronosporales (Oomycetes, Straminipila) within the
“Peronosporalean galaxy”. In: Jones EBG, Hyde KD,
Pang KL, editors. Freshwater fungi. Berlin: De Gruyter; p.
177–200.

Nakagiri A. 2000. Ecology and diversity of Halophytophthora
species. Fungal Divers. 5:153–164.

Nakagiri A. 2002. Halophytophthora species from tropical and
subtropical mangroves: a review of their characteristics. In:

Hyde KD, editor. Fungi in marine environments. Hong Kong:
Fungal Diversity Press; p. 1–14.

Nale C, Devanadera MKP, Bennett RM, Arafiles KHV,
Watanabe K, Aki T, Dedeles GR. 2019. Growth and fatty
acid profiles of Halophytophthora vesicula and Salispina spi-
nosa from Philippine mangrove leaves. Lett Appl Microbiol.
69:221–228.

Nigrelli L, Thines M. 2013. Tropical oomycetes in the German
Bight – climate warming or overlooked diversity? Fungal
Ecol. 6:152–160.

Pang KL, Lin HJ, Lin HY, Huang YF, Chen YM. 2015. Production
of arachidonic and eicosapentaenoic acids by the marine
oomycete Halophytophthora. Mar Biotechnol. 17:121–129.

Pang KL, Vrijmoed LLP, Jones EBG. 2013. Genetic variation
within the cosmopolitan aquatic fungus Lignincola laevis
(Microascales, Ascomycota). Org Divers Evol. 13:301–309.

Raghukumar S, Sharma S, Raghukumar C, Sathe-Pathak V,
Chandramohan D. 1994. Thraustochytrid and fungal com-
ponent of marine detritus. IV. Laboratory studies on decom-
position of leaves of the mangrove Rhizophora apiculata
Blume. J Exp Mar Biol Ecol. 183:113–131.

Sime-Ngando T, Lefévre E, Gleason FH. 2011. Hidden diversity
among aquatic heterotrophic flagellates: ecological poten-
tials of zoosporic fungi. Hydrobiologia. 659:5–22.

White TJ, Bruns T, Lee S, Taylor J. 1990. Amplification and direct
sequencing of fungal ribosomal RNA genes for phyloge-
netics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, editors.
PCR protocols: a guide to methods and application. San
Diego: Academic Press; p. 315–322.

262 C.-J. SU ET AL.


	Abstract
	1. Introduction
	2. Materials and methods
	2.1. Isolation
	2.2. Identification
	2.3. Production of zoospores
	2.4. Growth study
	2.5. Statistical analysis

	3. Results
	4. Discussion
	Disclosure statement
	Funding
	ORCID
	References



