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Phylloplane fungi in Hong Kong mangroves: evaluation of study methods
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Abstract: Many methods have been used to study
phylloplane fungi, most of which have constraints
and may result in biased results. This study used light
microscopy and scanning electron microscopy (SEM)
to investigate fungal abundance on the leaves of the
most common mangrove trees in Hong Kong, Kan-
delia candel and Aegiceras corniculatum. Species rich-
ness was investigated using light microscopy and a
leaf washing method. Methods to study phylloplane
fungi are discussed and the performances of these
three investigation methods are evaluated. Seven mi-
tosporic fungal taxa were found by light microscopy,
while 30 sporulating taxa and 18 Mycelia sterilia were
isolated using the leaf washing method. Fungal abun-
dance in terms of percentage cover investigated with
light microscopy was similar using the SEM method,
and was significantly higher on Aegiceras corniculatum
than on Kandelia candel. Fungal abundance peaked
in the summer and was lowest in the winter. This
study indicates that light microscopy reveals the most
typical phylloplane fungi and is more efficient than
SEM, while the leaf washing method reveals many
casual species and is not quantitative.

Key Words: abundance, Aegiceras corniculatum,
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INTRODUCTION

Phylloplane fungi are the mycota growing on the sur-
faces of leaves (Langvad 1980). There are two groups
of phylloplane fungi; residents and casuals (Norse
1972). Residents can multiply on the surface of
healthy leaves without noticeably affecting the host
whereas casuals land on the leaf surface but cannot
grow (Leben 1965). Phylloplane fungi have been
poorly studied as compared to endophytes, saprobes
and pathogenic fungi. Most phylloplane fungal stud-
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ies have been concerned with pathogens or non-par-
asitic fungi of crops or economically-important trees
(e.g., Dickinson 1967, 1973, Pugh and Williams 1968,
Lamb and Brown 1970, Pugh and Mulder 1971, Bain-
bridge and Dickinson 1972, Norse 1972, Godfrey
1974, Mishra and Dickinson 1981, Cabral 1985, Var-
davakis 1988, Carris 1992). There have been some
studies on the phylloplane fungi of mangroves (e.g.,
Kuthubutheen 1981, 1984, Sivakumar and Kathiresan
1990, Goh and Yipp 1996). Several methods are avail-
able to study phylloplane fungi (see review by Lind-
sey 1976). The most common methods, discussed be-
low, include direct observation by light microscopy,
impression films, observation with scanning electron
microscopy (SEM), plating of leaves, incubation in
damp chambers and leaf impression and tape im-
pression for culturing fungi.

The number of fungal colonies and the percentage
cover of phylloplane fungi can be estimated by direct
observation using light microscopy (Lamb and
Brown 1970, Ruscoe 1971, Vardavakis 1988) or scan-
ning electron microscopy (Mishra and Dickinson
1981). Observations under light microscopes can be
enhanced with the use of different kinds of impres-
sion film such as clear nail polish (Dickinson 1967,
Bainbridge and Dickinson 1972), Scotch tape (Cun-
ningham 1972, Langvad 1980), cellulose nitrate
(Mishra and Dickinson 1981) and cellulose acetate
(Dickinson et al 1974).

Fungal species richness can also be studied by leaf
impression (Lamb and Brown 1970, Bainbridge and
Dickinson 1972) and leaf washing methods (Dickin-
son 1967, 1973, Hislop and Cox 1969, Bainbridge
and Dickinson 1972, Kuthubutheen 1981, Mishra
and Dickinson 1981). Leaf impression is made by
pressing leaf surfaces against agar in Petri dishes to
produce leaf-imprints. The leaves are then discarded
and the plates are incubated at room temperature
until colonies grow on the agar surface. Plating of
leaf washing aliquots has been one of the most pop-
ular methods used to study phylloplane fungi. Leaf
disks are cut and shaken in sterile water in a recip-
rocating shaker and a dilution series prepared from
the water. The aliquots are then plated onto agar and
examined over several days’ of incubation.

Plating of the washed disks have also been used to
study fungal species richness on leaves (Dickinson
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1967, 1973, Ruscoe 1971, Bainbridge and Dickinson
1972, Godfrey 1974, Kuthubutheen 1981, Mishra and
Dickinson 1981, Vardavakis 1988). Leaf disks are
shaken in sterile water with detergents to remove fun-
gal propagules. The washed disks are blotted dry and
plated on agar plates which are then incubated and
examined until no further colonies are encountered.
Damp chambers can also used to incubate the
washed leaf disks (Dickinson 1967, Ruscoe 1971,
Bainbridge and Dickinson 1972, Kuthubutheen 1981,
Mishra and Dickinson 1981, Vardavakis 1988). The
washed disks are placed on sterile, moist, filter paper
in a Petri dish before further investigation.

There are several other methods for investigating
phylloplane fungi such as tape impressions followed
by culturing (Langvad 1980) and spore-fall tech-
niques (Lamb and Brown 1970, Dickinson 1973, La-
ngvad 1980, Vardavakis 1988). With tape impressions
a thin agar film is pressed onto the leaf surface that
can then be incubated in Petri dishes containing fil-
ter paper moistened with glycerol. The spore-fall
technique involves attaching the leaf onto the inside
of the Petri dish lid above agar, using the premise
that fungal spores can fall or are shot onto the agar
surface.

Most of the methods mentioned above used in the
study of phylloplane fungi have advantages and dis-
advantages. Direct observation, for example, enables
one to determine the distribution of the phylloplane
population and provides useful information such as
the growth forms and spatial distributions of a variety
of microorganisms. Direct microscopy gives a more
precise estimate of population size than plate count-
ing methods (Baker 1981). Direct count methods
give higher population densities than impressions be-
cause some organisms may remain on the plant when
the adhesive tape is removed. It is not, however, easy
to determine the viability and identity of propagules
unless the groups are separated by their morpholog-
ical differences using microscopy (Last and Warren
1972, Baker 1981, Parbery et al 1981). The irregular
nature of the plant surface, moreover, makes exami-
nation difficult at high magnification (Paton 1982).

Leaf washing facilitates the identification of ‘colo-
nizers’, but cannot separate the true colonizers from
chance itinerants (Last and Warren 1972). Culture
conditions may also affect the subsequent growth of
the propagules (Parbery et al 1981) and some organ-
isms may not grow on the medium provided (Baker
1981).

The slides used in the Scotch tape impression
method (Langvad 1980) need to be rinsed following
staining and spore losses may occur during rinsing.
The cellulose nitrate impression films may give simi-
lar results as the nail polish films, but it is less con-

venient and more time consuming as the film needs
to harden for 24 h (Langvad 1980).

Both plating of the washed leaves onto agar plates
and incubating the washed leaves in moist chambers
may also allow endophytes to grow. It is, therefore,
very difficult to control the length of the incubation
period in order to prevent isolation of endophytes as
well as phylloplane fungi.

In the leaf impression method, fungal spores on
the leaf surface stick onto the agar. This may give rise
to very dense fungal and bacterial growth on the agar
plate (O. H. K. Lee personal observation) and make
isolation of fungi difficult. For the same reason, the
tape impression for culturing also results in dense
fungal growth. When the spore-fall technique is used,
only fungal colonies with mature fruiting bodies will
be isolated and immature fungal colonies, or species
that need water for spore release, will be neglected.

The aim of the present research is to investigate
the abundance and species richness of phylloplane
fungi in Hong Kong mangroves. Three methods: di-
rect observation with light microscopy, scanning elec-
tron microscopy and the leaf washing method, were
compared to study the phylloplane fungi on Kandelia
candel and Aegiceras corniculatum which are the most
common mangrove trees in Hong Kong.

MATERIALS AND METHODS

Thirty leaves of Kandelia candel and 30 leaves of Aegiceras
corniculatum were collected individually from 60 trees in
Sheung Pak Nai (22°27'N, 113°58'E), New Territories,
Hong Kong in the first wk of each mo during the sampling
period (sampling for light microscopy and leaf washing
method: Jul 1998-Jun 1999; SEM: Jul 1998-Jan 1999). The
leaves collected were located ~1 m above the ground, sel-
dom immersed even during high tide. The size of the sam-
pled leaves of K. candel ranged from ~3-5 cm X 5-9 cm,
while those of A. corniculatum ranged from ~3-5 cm X 4—
7 cm. Only green, healthy leaves were sampled to ensure
only true phylloplane fungi, not pathogens and saprobes,
were investigated. To reduce disturbance to the experimen-
tal leaves, the petioles and the stems next to these leaves
were cut and collected to avoid infection and rapid decay
of the leaves after collection.

Divect observation with light microscopy—Twenty freshly cut
leaves, from 10 individual Kandelia candel and 10 from in-
dividual Aegiceras corniculatum trees were examined under
a dissection microscope (Leica WILD MZ8). The abun-
dance of fungi was scored as estimates of percentage cover
per field of view (see Jones 1968, Meese and Tomich 1992,
Benedetti-Cecchi et al 1996, for method of percentage cov-
er estimation). Five random fields were taken at 50X mag-
nification from the upper or the lower surface of each leaf.
To investigate variation in fungal abundance between K.
candel and A. corniculatum, and between the upper and
lower leaf surfaces, half of the leaves from the 12 mo sam-
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pling (i.e., n = 60) were randomly chosen to represent the
abundance on the upper surfaces, while the other half rep-
resented the lower leaf surfaces. The eyepiece of the micro-
scope was equipped with an ocular grid of 100 squares. Fun-
gal occurrence under the intersection points was recorded.
The percentage cover of fungi per leaf was calculated using
the following equation:

Percentage cover = number of intersection points
containing fungal colonies
in five views
+ 500 X 100%

A two-factor analysis of variance (ANOVA) was conducted
with mangrove tree species (Tr) and leaf surfaces (Su) as
fixed, orthogonal factors (X n = 2 mangrove species X 2
leaf surfaces X 60 leaves = 240).

Species richness of the phylloplane fungi was also inves-
tigated using a stereomicroscope (Olympus BX50). If the
fungi could not be picked up with fine forceps, an impres-
sion film was made using nail polish. The fungi were ob-
served and identified with the uses of taxonomic keys (Sy-
dow and Sydow 1913, Ellis 1971, 1976, Sutton 1980, Nag Raj
1993, Goh and Yipp 1996, David 1997). The number of
fungal species found on the leaves was recorded, and vari-
ation in the number of taxa found on the two mangrove
species analyzed with a ttest.

Scanning electron microscopy—Twenty leaves were collected
from individual Kandelia candel (10 leaves) (2 n = 10
leaves X 7 mo =70) and Aegiceras corniculatum (10 leaves)
(X n = 10 leaves X 7 mo =70). A 5.5 mm diameter disk
was randomly cut from each leaf with a sterile hole punch.
The leaf disks were then air-dried for one wk before coating
with gold/palladium. The disks were then transferred to
scanning electron microscope (SEM) stubs, haphazardly
with the upper or lower surface face-up. The disks were
examined in the SEM at 450X with a fixed working distance
(WD ~ 17 mm). Five random fields of view per disk were
photographed. The percentage cover of fungi was estimated
by counting the number of fungal parts under 805 inter-
section points of a transparent plastic grid (16 cm X 11 cm)
superimposed onto the photograph. The mean percentage
cover of fungi from the five views was then derived. Fungal
abundance, in terms of percentage cover, was compared be-
tween the two mangrove species with a Mann-Whitney test
as the data did not fulfil assumptions of normality or ho-
mogeneity.

Leaf washing method.—Ten leaves from Kandelia candel (%
n = 10 leaves X 12 mo = 120) and 10 from Aegiceras cor-
niculatum were sampled (% n = 10 leaves X 12 mo = 120).
Five, 5.5- mm diameter disks were cut from each leaf, trans-
ferred to a conical flask with 50 mL sterile water and me-
chanically shaken in a reciprocating shaker at 180 rpm for
20 min. The washed aliquots (~1 ml per plate) were plated
onto malt extract agar (MEA) with mixtures of streptomy-
cin, penicillin and tetracycline in twenty, 9-cm Petri dishes.
The plates were incubated at room temperature (~22 C)
and repeatedly examined at weekly intervals until no new

fungal colonies appeared. Sterile mycelia were sub-cultured
to MEA plates with sterile leaf fragments. Fungi were iden-
tified using taxonomic keys (Sydow and Sydow 1913, Ellis
1971, 1976, Sutton 1980, Nag Raj 1993, Goh and Yipp 1996,
David 1997) when fruiting occurred, and the number of
species recorded. The number of fungal taxa found (in-
cluding sterile mycelia) was square-root transformed (Fowl-
er and Cohen 1990) and compared between the two man-
grove species using a ttest.

Comparative techniques—Statistical analyses were conduct-
ed to compare the fungal abundance and species richness
found using different investigation techniques. Variation in
fungal abundance investigated by light microscopy and
SEM was tested by a Mann-Whitney test. To compare the
difference in number of taxa found by light microscopy and
the leaf washing method, the number of taxa was square-
root transformed and compared with a two-factor analysis
of variance (ANOVA), with mangrove tree (Tr) and meth-
ods (Me) as fixed, orthogonal factors (2 n = 2 tree species
X 2 methods X 12 = 48).

RESULTS

Light microscopy—The mean (£SE) total fungal
abundance on Kandelia candel and Aegiceras corni-
culatum was 2.7 £ 0.5% and 6.1 £ 0.9% respectively.
The mean fungal abundance on K. candel ranged
from 0~7.4%, being nil in Jul and Aug, but reaching
a maximum in Nov (FiG. 1). The fungal abundance
on A. corniculatum was, however, lowest in Jul, but
maximal in Aug 1998, and then decreased in the win-
ter (F1G. 1). It appeared that the abundance of phyl-
loplane fungi on K. candel peaked in the transition
period between summer and winter, while that on A.
corniculatum peaked in summer. The abundance of
phylloplane fungi on both mangroves species was,
however, low in winter (FiG. 1).

Phylloplane fungi were significantly more abun-
dant on the upper than the lower leaf surfaces (Ta-
BLE I) and significantly higher on Aegiceras cornicu-
latum leaves than Kandelia candel leaves (TABLE I).
There was, however, no interaction between man-
grove species and leaf surfaces (TABLE I).

Seven fungal taxa and some unidentified fungal
mycelia/hyphae were found with the use of light mi-
croscopy (TaBLE II). The mean number of fungal
taxa found on Kandelia candel was 2.4 per mo, while
that of Aegiceras corniculatum was 2.3. Cladosporium
species, Pestalotiopsis maculans, and Trimmatostroma
species were found all year round on both mangrove
species, while Lasiothyrium species and Tubakialike
species were only found in some months (TABLE II).
A Tubakialike species was found on K. candel leaves,
but not on A. corniculatum leaves. The number of
identified fungal taxa found on the two mangrove
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species was similar (#test, t = —0.80, DF = 22, P =
0.435).

Scanning electron microscopy.—The mean fungal
abundance (£SE) on Kandelia candel and Aegiceras

TABLE 1. Variation in fungal abundance on the upper and
lower leaf surfaces (Su) of Kandelia candel and Aegiceras
corniculatum (Trees = Tr; n = 60). Significant Pvalues (P
< 0.05) are indicated in bold. Variances were homogenous
after arcsine transformation (Cochran’s C = 0.35, P >
0.05). SNK multiple comparison tests were performed for
significant results

Source of

variation SS DF MS F P
Tr 915.93 1 91593 23.02 0.000
Su 247.74 1 247.74 6.23 0.013
Tr X Su 22.34 1 22.34 0.56 0.454
RES 9389.15 236 39.78

TOT 10575.16 239

SNK tests

Trees

Aegiceras corniculatum > Kandelia candel

Surfaces
Upper > Lower

corniculatum was similar, at 2.6 = 0.6% and 1.7 *
0.3% respectively (Mann-Whitney test, P = 0.293). As
the abundance of the phylloplane fungi on K. candel
found by SEM was similar to that of light microscopy
(Mann-Whitney test, P = 0.242), investigation of tem-
poral changes of phylloplane fungi by SEM was only
conducted for seven mo.

The mean (=SE) fungal abundance found using
the SEM ranged from 0.9 = 0.4%-7.7 £ 3.4% on
Kandelia candel and 0.3 £ 0.1%-2.9 * 1.1% on Ae
giceras corniculatum (F1G. 2). Abundance of phyllo-
plane fungi did not appear to vary in these seven mo,
except in Sep 1998 when fungal abundance on K
candel increased (FIG. 2).

Leaf washing method.—During the 12 mo sampling,
the mean (=SE) number of fungal taxa found per
mo (including the sterile mycelia) was similar be-
tween Kandelia candel and Aegiceras corniculatum
(5.8 £ 0.7 and 4.9 = 0.5 respectively; #test, t =
—1.06, DF = 22, P = 0.299). The number of fungal
taxa found on K. candel varied during the sampling
period, while that of A. corniculatum was clearly high-
er in summer and decreased in winter (FIG. 3).
Thirty fungal cultures sporulated within 20 mo of
the experiment, while the other 18 cultures did not
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TABLE II. Identified fungal taxa on Kandelia candel (K) and Aegiceras corniculatum (A) from monthly sampling by light

microscopy. + = presence of the taxon

Jul Aug Sep Oct Nov

Fungal taxa K A A K A K A K A
Cladosporium marinum Pal & Purkayastha + + +
C. oxysporum Berk. & Curt. + + + +
Lasiothyrium sp. + + + + + +
Pestalotiopsis maculans (Corda) Nag Raj + + + + + + +
Trimmatostroma botryoforme Goh & M. W. Yipp + + + + + +
T. sarciniforme Goh & M. W. Yipp

+

Tubakialike sp.

sporulate and were, therefore, classified as Mycelia
sterilia (TABLE III). Cladosporium oxysporum and Pes-
talotiopsis maculans were the most common species,
found on both mangrove species all year round. With
the exception of Arthrinium sp. and Colletotrichum sp.
2, which were only isolated from K. candel, most iden-
tified taxa could be found on both hosts. Among the
sterile mycelia, Mycelia sterilia 1 and Mycelia sterilia 9
were the most common species (TABLE III).

Comparative techniques.—Estimates of fungal abun-
dance on Kandelia candel were similar using SEM and

light microscopy (Mann-Whitney test, P = 0.242),
while more fungi were found on A. corniculatum
when investigated with light microscopy than with
SEM (Mann-Whitney test, P = 0.037). The number
of fungal taxa found with the leaf washing method
was significantly higher than found using light mi-
croscopy (TABLE IV).

DISCUSSION

Abundance and species richness of phylloplane fungi.—
The total abundance (i.e., percentage cover on both
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FIG. 2. Mean monthly (+SE; n = 10) total fungal abundance on mangrove leaves as estimated by SEM. Black dots = %
cover on Kandelia candel; white dots = % cover on Aegiceras corniculatum.
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TaBLE II. Extended
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K A K A K A K A A K A K A
+

+ + + + + + + + +

+ + + +

+ + + + + + + + + + +
+ + +

+ +

the upper and lower leaf surfaces) of phylloplane
fungi from Hong Kong mangroves was <10%. Abun-
dance was relatively low because only green, healthy
leaves were studied, thus excluding pathogens and
saprobes. The upper surfaces of the leaves had high-
er fungal abundance than the lower surfaces. A Trim-
matostroma species, which was one of the most com-
mon taxa found in this study, has previously been
found to be associated with the salt glands of Aegicer-
as corniculatum leaves (Goh and Yipp 1996). As the
salt glands are more abundant on the upper leaf sur-
faces, fungal abundance should, therefore, be higher

on these surfaces. Some phylloplane fungi (e.g., Pes-
talotiopsis species) were abundant on both surfaces of
the leaves, as they may be capable of penetrating the
epidermis (Kuthubutheen 1984). Some fungi are,
however, restricted to the lower leaf surface (Last and
Deighton 1965), as the cuticle is thicker on the upper
surface (Last and Warren 1972) which may prevent
them access to leachates, i.e., nutrients, from the
leaves.

Fungal abundance as estimated using scanning
electron microscopy (SEM) was similar between the
two mangrove species. Light microscopy, however, in-
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Fic. 3. Number of fungal taxa found per month from the mangroves with the leaf washing method. Black dots = Kandelia

candel, white dots = Aegiceras corniculatum.
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TasLE III.  Fungal taxa found on Kandelia candel (K) and Aegiceras corniculatum (A) from monthly sampling by the leaf
washing method. + = presence of the taxon

Jul Aug Sep Oct Nov
Fungal taxa K A K A K A K A K A

Acremonium sp.

Arthrinium sp. +

Cladosporium cladosporioides (Fresen.) de Vries + + + + + +

C. herbarum (Pers.) Link ex S. F. Gray

C. marinum Pal & Purkayastha +

C. oxysporum Berk. & Curt. + + + + + + +
Colletotrichum sp. 1

Colletotrichum sp. 2 +

Memnoniella sp + +
Myrothecium-like sp. +

Penicillium sp.

Pestalotiopsis maculans (Corda) Nag Raj
Phoma sp. 1 + +

Phoma sp. 2 + +

Phoma sp. 3 +
Trimmatostroma botryoforme Goh & M. W. Yipp +

Coelomycete sp. 1 +

Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Hyphomycete sp. 1 + +
Hyphomycete sp.
Hyphomycete sp.
Hyphomycete sp.
Hyphomycete sp.
Unidentified sp. 1 + + +

Unidentified sp. 2

Unidentified sp. 3

Mycelia sterilia 1 + + + + + +
Mycelia sterilia 2

Mycelia sterilia 3 +

Mycelia sterilia 4 +

Mycelia sterilia 5 +

Mycelia sterilia 6 +

Mycelia sterilia 7

Mycelia sterilia 8 + +

Mycelia sterilia 9 + + + + +

Mycelia sterilia 10

Mycelia sterilia 11 +

Mycelia sterilia 12

Mycelia sterilia 13 +
Mycelia sterilia 14 +

Mycelia sterilia 15 + +

Mycelia sterilia 16 + +

Mycelia sterilia 17

Mycelia sterilia 18

+
+
+
+
+
+
+

S OU W 00 N
N
+

TU o~ o
+
+
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TaBLE III. Continued

Dec Jan Feb Mar Apr May Jun
Fungal taxa K A K A K A K A K A K A K A

Acremonium sp. +
Arthrinium sp. +
Cladosporium cladosporioides (Fresen.)
de Vries + +
C. herbarum (Pers.) Link ex S. F. Gray +
C. marinum Pal & Purkayastha +
C. oxysporum Berk. & Curt. + + + + + + + +
Colletotrichum sp. 1 +
Colletotrichum sp. 2 +
Memnoniella sp
Myrothecium-like sp.
Penicillium sp. +
Pestalotiopsis maculans (Corda) Nag Raj  +  + + + + +
Phoma sp. 1 +
Phoma sp. 2 +
Phoma sp. 3
Trimmatostroma botryoforme Goh &
M. W. Yipp + +
Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Coelomycete sp.
Hyphomycete sp. 1
Hyphomycete sp. 2
Hyphomycete sp. 3
Hyphomycete sp. 4
Hyphomycete sp. 5 +
Unidentified sp. 1 +
Unidentified sp. 2 +
Unidentified sp. 3 +
Mycelia sterilia 1 + + + +
Mycelia sterilia 2 +
Mycelia sterilia 3 + + +
Mycelia sterilia 4 +
Mycelia sterilia 5 + +
Mycelia sterilia 6
Mycelia sterilia 7 +
Mycelia sterilia 8
Mycelia sterilia 9 + +  +
Mycelia sterilia 10 +
Mycelia sterilia 11 + +
Mycelia sterilia 12 +
Mycelia sterilia 13 +
Mycelia sterilia 14
Mycelia sterilia 15 +
Mycelia sterilia 16 +
Mycelia sterilia 17 + +
Mycelia sterilia 18 +

QO N =
+

Ot
+
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TABLE IV. Variation in number of fungal taxa found on
Kandelia candel and Aegiceras corniculatum (Tr) using leaf
washing and light microscopy (Methods = Me; n = 12).
Significant Pvalues (P < 0.05) are indicated in bold. Vari-
ances were homogenous after square-root transformation
(Cochran’s C = 0.34, P> 0.05). SNK multiple comparison
tests were performed for significant results

Source of

variation SS DF MS F P
Tr 0.16 1 0.16 1.46 0.233
Me 5.38 1 5.38 47.73 0.000
Tr X Me 0.03 1 0.03 0.25 0.618
RES 4.96 44 0.11

TOT 10.53 47

SNK tests

Methods

Leaf washing method > Light microscopy

dicated that fungal abundance was higher on Aegi-
ceras corniculatum than Kandelia candel. The number
of taxa and species found on the two mangrove spe-
cies were, however, similar.

Phylloplane communities may be similar on differ-
ent plants, such as mangrove plants and terrestrial,
non-maritime plants (Kuthubutheen 1981, 1984).
Phylloplane fungi found on a terrestrial tree, Euca-
lyptus viminalis, included Cladosporium cladosporioi-
des, Penicillium species, Phoma sp., Pestalotiopsis ox-
yanthi, Arthrinium species, and Colletotrichum species
(Cabral 1985). These genera have also been found
on other plant species including those from man-
groves (Kuthubutheen 1981, 1984, this study), al-
though they may not be the same species.

Seven fungal taxa were found using light micros-
copy. The most common species were Cladosporium
oxysporum, Pestalotiopsis maculans, and Trimmatostro-
ma botryoforme. Cladosporium oxysporum is common
in the tropics, usually being found on dead parts of
leaves and stems of herbaceous and woody plants (El-
lis 1971). It has been consistently recorded on the
leaves of all mangrove trees sampled in Malaysia by
Kuthubutheen (1981). Pestalotiopsis maculans has
been found on the living leaves of terrestrial plants
and was reported as a pathogen (Nag Raj 1993).
Trimmatostroma botryoforme has previously been re-
corded on the leaf surfaces of Aegiceras corniculatum
in Hong Kong mangroves (Goh and Yipp 1996).

A combination of three investigation methods (i.e.,
light microscopy, SEM, and a leaf washing method)
showed that Cladosporium species and Pestalotiopsts
maculans were the most common species in Hong
Kong mangroves and were present all year round.
These species are capable of growth on the leaf sur-
faces of mangroves (Kuthubutheen 1984, but see Last

and Deighton 1965). Cladosporium cladosporioides,
which was commonly isolated using the leaf washing
method, is a weak pathogen and is common on the
aerial surfaces of many higher plants throughout
temperate regions. This species has darkly-pigment-
ed, thick-walled hyphae which may enable the fungi
to withstand excessive radiation and heat (Ellis 1971,
Dickinson 1981). It is also an endophyte (Cabral
1985) and increases colonization on aging and yel-
lowing leaves (Last and Deighton 1965). Pestalotiopsis
species, Penicillium species, and Cladosporium oxys-
porum occur throughout the development and
growth of leaves (Kuthubutheen 1981). Trimmatostro-
ma spp., which were commonly found using light mi-
croscopy, were dominant on A. corniculatum at an-
other Hong Kong mangrove, Ting Kok (Goh and
Yipp 1996). This genus is a non-parasitic associate
and was stated to be host specific at Ting Kok (Goh
and Yipp 1996), but was also found on K. candel in
the present study.

Seasonal variation of phylloplane fungi—The abun-
dance of phylloplane fungi exhibited temporal vari-
ation in the present study when investigated by light
microscopy. Fungal abundance on Kandelia candelin-
creased in late summer and was highest in the tran-
sition period between summer and winter (see Ka-
ehler and Williams 1996 for description of seasons),
while that on Aegiceras corniculatum peaked in Aug
and decreased in winter. When investigated with the
SEM, the pattern of fungal abundance on K. candel
was similar to that seen using light microscopy. The
number of fungal taxa found on K. candel showed
no temporal variation, while on A. corniculatum the
number of taxa increased in summer, but decreased
in winter. Hong Kong has a hot, wet summer, but
cool, dry winter (Morton and Morton 1983, Kaehler
and Williams 1996). As wetness is an important factor
in facilitating fungal growth (Ruinen 1961), the rel-
atively dry environment may account for the low
phylloplane fungal abundance in winter. A distinct
seasonal pattern was reported for phylloplane fungi
on Eucalyptus viminalis in Argentina, with maximum
abundance in the autumn-winter and minimum in
the summer (Cabral 1985). The airborne spore con-
centration of many phylloplane fungi is subject to
seasonal change (Last and Warren 1972).

Dispersal of phylloplane species is largely passive
and may be affected by rain-wash or other vectors
(Andrews and Kinkel 1986). Cladosporium cladospo-
rioides, for example, produces a large amount of
wind-dispersed conidia in summer (Dickinson 1981).
Rain and wetness of the leaf surface affect the devel-
opment of fungi (Ruinen 1961, Reuveni and Rotem
1974, Wheeler 1981), as germination and growth of
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germ tubes are facilitated in high humidity (Dickin-
son 1981, 1986, Cabral 1985). Fungal abundance and
species richness, thus, are higher in summer. High
temperature, however, might reduce the growth of
fungi (Cabral 1985, Dickinson 1986). Some phyllo-
plane fungi (e.g., Lasiothyrium species) produce
spores in the cooler months only, although Trimma-
tostroma species form spores all year round (Goh and
Yipp 1996). Several phylloplane, filamentous fungi
(e.g., Cladosporium species) are able to form chla-
mydospores and sclerotia in unfavorable environ-
ments (Dickinson 1986). Phylloplane fungi are,
therefore, able to grow immediately in favorable con-
ditions, i.e., in the warm and wet summer.

Methods to study phylloplane fungi—The leaf washing
method resulted in a higher number of taxa (48)
than using light microscopy (7). Leaf washing prob-
ably overestimates species richness since many casuals
might grow on the agar plate (Norse 1972). It has
been suggested that species isolated with a high fre-
quency by leaf washings can be considered as true
inhabitants of the phylloplane (Cabral 1985). Clado-
sporium cladosporioides, C. oxysporum, and Pestalotiop-
sis maculans could be considered as true phylloplane
fungi as they were commonly found on many leaf
specimens of the two mangrove species throughout
the year. Other fungal species found using light mi-
croscopy might also be true phylloplane fungi as they
occurred continuously during the sampling period,
and thus may able to grow on the leaf surfaces.

Many fungal taxa found by the leaf washing meth-
od might be casuals (Norse 1972), as the taxa growth
on the agar plates might be from dormant spores
from the leaf surfaces. Cladosporium and Colletotr:-
chum species, for example, are considered as cos-
mopolitan pathogens (Ellis 1971, Sutton 1980). They
might not, therefore, actively grow on healthy leaves.
Phoma species might also be saprobes (Sutton 1980).
The leaf washing method cannot, however, provide a
quantitative description of the species richness of the
phylloplane fungi as leaf washings only indicate the
amount of propagules, but not the fungal biomass
(Mendgen 1986). The large amount of Mycelia steri-
lia species recorded with the use of the leaf washing
method might also overlook some common species
as these species might not sporulate ex situ. Trim-
matostroma species and a Tubakialike species, which
were commonly found by light microscopy, were not
found by the leaf washing method and did not spor-
ulate in culture.

The number of fungal taxa found with the leaf
washing method was similar to some previous studies
(Kuthubutheen 1981, 1984). These studies might,
however, include some endophytes, as they also re-

corded the fungi found on the washed leaves. Fungal
taxa found in this study were also different from a
study of Aegiceras corniculatum in India (Sivakumar
and Kathiresan 1990), perhaps due to the variation
in technique as a leaf impression method was used
in the Indian study. Both of these previous studies
(Kuthubutheen 1981, 1984, Sivakumar and Kathire-
san 1990) are likely to only reveal the casuals, but not
the true phylloplane fungi from the mangroves.

Fungal abundance found by light microscopy was
similar to that by SEM. It was not, however, possible
to identify the phylloplane fungi to species level with
the SEM. The preparation time of specimens for
SEM is longer than for light microscopy and the run-
ning cost of the SEM is high. Direct observation us-
ing the light microscope is, therefore, the most suit-
able method for studying the abundance and species
richness of true phylloplane fungi, while the leaf
washing method is suitable for qualitative studies
only.
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