List of Figures

Figure 1.1 The morphology of Verruculina enalia; a) Ascoma of V.enalia on
sliced mangrove wood, the fruiting body is partially embedded b) Dark brown and
verrucose ascospores of V.enalia c) Ascus of V.enalia containing 8 ascospores.

Figure 3.1 Study Sites. a) Cape Rachado, b) Telok Pelandok and c) Morib.

Figure 4.1 Verruculina enalia. a) Carbonaceous, black, partially-immersed
ascomata b) Dark brown, verrucose and constricted at the septum ascospore with
one septate (17-22.5 x 8.5-10 um) c) Obliquely uniseriate with eight ascospores in
ascus. Asci is pedunculate, cylindrical, bitunicate and without apical apparatus. a=
150 pm, b-c=10 pm.

Figure 4.2 Dactylospora haliotrepha. a) Aerial view of ascomata showing
coriaceous dark reddish brown to black fruiting body b) Side view of the
superficial ascomata; subglobose or flat or convex, discoid, apothecia like c)
Grayish green to brownish with delicate longitudinal striations with 1-septate
ascospore and constricted at the septum (17-25 x 8-11) d) Ascospores attached to
pseudoparaphyses. b= 250 um, ¢= 10 pum, d= 30 pm.

Figure 4.3 Kallichroma tethys. a) Coriaceous orange yellowish ascomata,
gregarious, subglobose or depressed ellipsoidal b) The presence of fruing bodies
of another marine fungi species (arrow) c-d) Hyaline ascospores with one septate
that slightly constricted at the septum, longitudinal ridges from one pole to the
other, ellipsoidal or ovoid (16-24 x 8-12 um). a= 300 um, ¢= 5 pum, d= 10 um.

Figure 4.4 Halorosellinia oceanica. a) Black carbonaceous ascomata on
Rhizophora apiculata b) Side view of the subglobose ascomata c¢) Paraphyses
persistent, broad, 2-2.5 um diam. d) Brown, one-celled, subglobose to broadly
elliptic with a straight germ slit, monostichously arranged in the ascus (19-24.5 x
8-12.5 um) e) germ slit presence (arrow). b= 96 um, e= 11 um.

Figure 4.5 Aigialus parvus. a) Aerial view; Black carbonaceous to coriaceous
ascomata, three-fourths immersed in a black stroma with a longitudinal furrow at
the top, ostiolate, gregarious b) Ascospores are yellow-brown with hyaline to
light brown for its apical cells ¢) Ascospore with (9-) 10-11 (-12) transverse septa
and 1-3 longitudinal septa in all but the end cells, slightly constricted at the septa
(45-60 x 16-23 pm). a= 15 pm, b= 30 pum, ¢c= 3 pm.

Figure 4.6 Phaeosphaeria sp.1. a) Black membranous ascomata, partially-
immersed, solitary b) Light brown and becoming darker in age, biseriate, fusiform
and slightly curved c¢) Young ascospores with 5 septate, strongly constricted at the
septum. a= 120 um, b= 25 pum, c¢= 30 pm.

Figure 4.7 Quintaria lignatilis. a) Ascomata; Black, carbonaceous to coriaceous,
immersed  ostiolate, papillate, gregarious. b) Hyaline 5-septate ascospores,
fusiform, slightly constricted at septa, smooth-walled (50-76 x 14-20 um) c)
Ascus cylindrical, pedunculate, thick-walled, bitunicate with 8 biseriate
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ascospores. b,c= 20 pym.

Figure 4.8 Antennospora quadricornuta. a) Black, immersed or becoming
exposed ascomata, coriaceous to carbonaceous, gregarious. b-c) Hyaline
ascospores (20-35 x (6-) 8-12 um ) with one septate, slightly constricted at the
septum, cylindrical appendages at both ends in juxtaposition , stiff appendages
(20-37 um long, 1-2 um diam.) a= 200 um, b= 15 pm, c= 10 pm.

Figure 4.9 Rhizophila marina. Rhizophila marina. a) Black ascomata and
completely immersed in the substrate b) Aerial view after wood surface were
sliced; Coriaceous, globose to subglobose, ostiolate, papillate, gregarious
ascomata c) Yellowish to yellowish brown at maturity, hyaline when immature,
one celled, ellipsoidal to fusiform (20-32 x 6-10 pm). b= 600 pm, c= 9 pm.

Figure 4.10 Savoryella lignicola. a) Ascomata; black, partially-immersed to
superficial, ostiolate, papillate, membranaceous b) Mature ascospore; Ellipsoidal,
3-septate and slightly constricted at the septa, large central cells are brown (10-6-
16 um), with small hyaline apical cells (2.6-6 um), ascospore 24-36 x 8-12 pum c)
Young ascospore. a= 200 um, b,c= 10 pm.

Figure 4.11 Savoryella paucispora. a) Ascomata immersed, ostiolate, papillate
membranaceous, dark brown, gregarious b) Mature ascospore; Fusoid-ellipsoidal,
three-septate, slightly constricted at the septa, central cells brown, apical cells
hyaline without appendages, ascospores (36-)44-50(-60) x 12-16.5 um c-d)
Young ascospores. b= 15 um, ¢c= 10 pm.

Figure 4.12 Aigialus grandis. a) Ascomata subglobose, partially immersed in a
black stroma, carbonaceous to coriaceous, black, gregarious b) Ascus cylindrical,
fissitunicate, thick walled with 8-spored, biseriate ¢) Ascospores ellipsoidal to
broadly fusiform, with 14-17 (-18) transverse septa and 1-3 longitudinal septa in
all but the end cells, yellow-brown except for the hyaline or light brown apical
cells (76.0-102.0 x 17.0-22.5 um); Germ tube presence (arrow). a= 315 um, b= 45
pHm, c= 20 pum.

Figure 4.13 Periconia prolifica a) Conidiophores cylindrical, septate, simple or
branched, hyaline, often forming pustules on the surface of the substrate (arrow)
b-c) Conidia one-celled, subglobose or ovoid, smooth, thick-walled, light brown
with a reddish tint or dark brown, developing basipetally, catenulate, cells finally
separating (6-11.5 um diam.) ¢= 5 pm

Figure 4.14 Acrocordiopsis patilii a) Black, carbonaceous, conical ascomata
seated on a black stromata b) Ovoidal or ellipsoidal ascospores in cylindrical asci,
bitunicate c-d) Ascospores; Hyaline to yellowish, 1-pseudoseptate ascospores,
lacking a sheath or appendages. b,c,d= 10 pm.

Figure 4.15 Morosphaeria velatospora a) Ascomata; Immersed, becoming
erumpent, subglobose or depressed, ostiolate, papillate, coriaceous, brown to
black, gregarious b) Asci; 8-spored, cylindrical, short pedunculate, bitunicate,
thick-walled c-d) Ascospores; Hyaline, fusiform to ellipsoidal, initially 1-septate,
later becoming 3-septate, central cells larger, surrounded by mucilaginous sheath
(arrow) and constricted at the central septum (41-50 x 14-17 um). a= 134 um, b=
35 um, ¢= 15 um, d= 12 pm.
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Figure 4.16 Lulworthia grandispora a) Ascomata immersed, brown to black,
gregarious, subglobose to pyriform b-c) 530-650 x 3-5 mm (including apical
chambers), filamentous, curved, hyaline, tapering at each end into an elongate,
conical apical chamber, 5-10 mm long, acute or rounded, filled with mucus. c=
100 pm.

Figure 4.17 Linocarpon sp. a) Ascomata immersed developing below the clypeus,
black, ostiolate, periphysate b-c) Ascospores hyaline, fasciculate, needle-shaped,
tapering to a narrow point at the base, with refringent septum-like bands (3-7
septa) 50-72 x 4-7.5 pm. ¢c= 23 pum.

Figure 4.18 Phaeosphaeria sp.2 a) Ascomata; Coriaceous, black, immersed,
papillate, ostiolate, obpyriform, gregarious b) Asci; 8-spored, pedunculate,
clavate-fusiform, indistinctly bitunicate c) Ascospores; light to dark brown when
mature, cylindrical-ellipsoidal, 3-septate, constricted at the septa, second cell from
the top largest (18-24 x 5-7 pm). c= 14 pm.

Figure 4.19 Ascocratera manglicola a) Ascomata; Carbonaceous, black, conical
with a flat base, erumpent from the substrate and superficial when mature, seated
on a thin stroma, ostiolate, periphysate, epapillate, gregarious or two or more
attached to each other b) Asci; eight-spored, cylindrical, pedunculate, thick-
walled, fissitunicate c) Ascospores; Hyaline, ellipsoidal, initially one-septate and
later becoming three-septate, constricted at the central septum, surrounded by a
gelatinous evanescent sheath (arrow). a= 150 um, ¢= 20 pm.

Figure 4.20 Julella avicenniae a) Ascomata; Immersed, globose or subglobose,
membranous and ostiolate b) Ascospores; Brown, with (6-) 7 transverse septa
when mature, 3 longitudinal septa, constricted at septa particularly at the central
septum, ellipsoidal (28-36 x 12-16 pm). b= 10 pm.

Figure 4.21 Halocyphina villosa a-b) Aerial view of the basidiomata on a
Rizophora apiculata wood. b) Basidiomata; Whitish, 330-540 um high, 260-
410 um diameter at the apex, turbinate or clavate, cyphelloid, , pedunculate, soft,
thin-walled, eventually funnel shaped or cupulose, superficial, tomentose,
gregarious ¢) Mature basidospores; 1-celled, hyaline, subglobose, smooth, non-
amyloid, accumulating at maturity in the opening of the basidiocarp (7.5-9 x 6.5-
7.5 um) d) Young basidiospore. b= 475 um, ¢= 8 um, d= 2 pm.

Figure 4.22 Nia vibrissa a-b) Basidiomata; Whitish to olive brown, 1-3 mm in
diameter, subglobose, superficial, soft, thin-walled, villous, gregarious c)
Basidospore; 8-14 um long 6-10 um, hyaline, one-celled, ellipsoidal,
appendages; hyaline, flexible attenuate, 3-5 subterminal radiating appendages
around the base. a= 4 um, b=2 um, ¢c= 7 pm.

Figure 4.23 A) Asco CR sp.03, Al) Ascomata; Completely immersed with
ectostromata, papillate, ostiolate A2) Ascospores; Hyaline, 2-cells, fusiform to
ovoidal. B) Leptosphaeria australiensis, B1) Ascomata; immersed, globose,
ostiolate, papillate, coriaceous, solitary or gregarious. B2) Ascospores; Hyaline.
fusiform or clavate-fusiform or ellipsoidal, 3- septate, constricted at the septa (19-
26 x 5-6 um). C) Asco CR sp.16, C1) Ascomata;dark brown to black, superficial
on wood C2) Ascospores; olive green, 1l-septate constricted at the septum,
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surrounded by mucilaginous sheath (arrow).

Figure 4.24 A) Bathyascus sp., Al) Ascomata; gregarious, ellipsoidal, superficial,
ostiolate, papillate, coriaceous, thin-walled A2) Ascospores; Hyaline. elongate-
filiform, rounded at each apex, straight or slightly curved, 8-10 septate, slightly
constricted at the septum, without appendages. B) Asco MB sp. 19 B1) Ascomata;
Immersed, becoming erumpent, subglobose or depressed ellipsoidal, ostiolate,
papillate, coriaceous, brown to black, gregarious B2) Ascospores; Hyaline,
fusiform to ellipsoidal, 3-septate, constricted at the septum (32-41 x 10-14.5 um)
C) Leptosphaeria peruviana C1) Ascomata; Immersed, lenticular-subglobose,
immersed, ostiolate, black C2) Ascospores; cylindrical-ellipsoidal, obtusely
rounded at both ends, three-septate, darken septate when mature, constricted at the
septa (13-15 X 4.5-5 pm).

Figure 4.25 A) Asco TP sp.27, Al) Ascomata; Black, partially immersed,
carbonaceous to coriaceous, globose to subglobose A2) Ascospores; Dark brown
when mature, 1-septate slightly constricted at septum, ellipsoidal to fusiform,
straight or curved, B) Asco MB sp.22, Bl)Acomata; Immersed, globose,
carbonaceous to coriaceous, gregarious B2) Ascospores; Hyaline, cylindrical with
rounded end at each apex or elongate-ellipsoidal, 1-septate and slightly
constricted at septum, straight or slightly curved C) Deuteromycete sp.08 C1)
Colonies sporodochial, orange C2) conidia solitary, subglobose to obpyriform, 1-
2 cells, second cell smaller, orange (15-29.5 X 14.5-17 pum).

Figure 4.26 A) Asco MB sp.20, Al) Ascomata; Black, partially-immersed,
carbonaceous, gregarious, subglobose A2) Ascospores; elongate-ellipsoidal with
rounded end at each apex, 2-3-transverse septa, not constricted at the septa,
hyaline. B) Monodicyts pelagica, B1-B2) Conidia; 22-35 x 18-30 um, dark
brown, composed of 4-25 cells. C) Asco TP sp.27, C1) Ascomata; completely
immersed, membranous, forming pustules on the surface of substrate C2)
Ascospores; Light brown, 1-septate constricted at septum, ellipsoidal, with no
appendages.

Figure 4.27 A) Bactrodesmium linderi, A1-A2) Conidia; Dark brown to black,
solitary, subglobose to obpyriform, 1-2-septate, not constricted at the septa (20-
33.6 X 14.5-20.5 um). B) Asco MB sp.23, B1) Ascomata; Immersed, brown to
black, solitary, subglobose to pyriform B2) Ascospore; Ellipsoidal, 1-
pseudoseptate with large oil globules, not markedly constricted at the septa, light
brown (32-45 x 6.5-9 um), C) Asco TP sp.30, C1) Ascomata; Immersed, black,
solitary or gregarious, subglobose. C2) Ascospore; Two-septate, central cell dark
brown, apical cells light brown, mostly curved, fusoid-ellipsoidal (38-50 x 15-
18.5 um).

Figure 4.28 A) Asco TP sp. 36, Al) Ascomata; Immersed in pseudostroma,
subglobose to hemispherical, carbonaceous, black, ostiolate, papillate A2)
Ascospore; Light brown, darken septate, 3-4 trans-septa, 2-longi-septa,
cylindrical-ellipsoidal, B) Asco TP sp.38 B1l) Ascomata; Partially-immersed,
globose to subglobose, black, carbonaceous to coriaceous, gregarious B2)
Ascospore; Ellipsoidal, 1-pseudoseptate with large oil globules, not markedly
constricted at the septa, light brown (32-45 x 6.5-9 um), C) Asco TP sp.41, C1)
Ascomata; Immersed, subglobose to pyriform, ostiolate, papillate, brown to black,
solitary C2) Ascospore; Cylindrical-ellipsoidal, obtusely rounded at both ends,
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two-septate, constricted at septum, olive-brown (11-14.5 x 4-5.5 um).

Figure 4.29 A) Asco TP sp. 42, Al) Ascomata; Immersed, black, coriaceous,
subglobose, gregarious A2) Ascospore; Hyaline, 2-septate constricted at septum,
cylindrical, rounded at both ends. B) Mauritiana sp. (Asco TP sp.49) Bl)
Ascomata; Immersed, globose, ovoid. B2) Ascospore; fusiform, with rounded
ends, dark brown, thick septa, 6-7 distoseptate, not constricted at septum, lacking
mucilaginous sheath. C) Phoma sp.3, C1) Conidiomata; Immersed, ostiolate,
unilocular, papillate, dark coloured, gregarious C2) obovoid or ellipsoidal, 1-
celled, hyaline, without appendages or gelatinous sheath (2-3 x 1 um).

Figure 4.30 a) Distribution of Dactylospora haliotrepha b) Distribution of
Halorosellinia oceanica c) Distribution of Kallichroma tethys d) Distribution of
Lulworthia grandispora e) Distribution of Halocyphina villosa f) Distribution of
Verruculina enalia. (a-f) Species distribution of 6 common marine mangrove
fungi. Data based on published literature by Besitulo et al., 2010 (Phillipines),
Sakayaroj et al., 2011 (Thailand), Jones and Puglisi, 2006 (Florida, USA), Pang et
al., 2011 (Taiwan), Hyde, 1988 (North Sumatra, Indonesia), Nambiar and
Raveendran, 2009 (Kerala, India), Abdel Wahab, 2005 (Egypt), Hyde, 1988
(Brunei), Jones and Abdel Wahab, 2005 (Bahamas), Tan et al., 1989; Leong et
al., 1991 (Singapore) and Jones and Vrijmoed, 2003 (Hong Kong).

Figure 4.31 Species abundance distribution of marine fungi collected from 3
study sites. CR= Cape Rachado, TP= Telok Pelandok and MO= Morib (Species
sequence are in decreasing order of % of abundance).

Figure 5.1 Genomic DNA extracted from V.enalia isolated from Malaysia,
Taiwan, Hong Kong, Philippines and Singapore using the method of Pang et al.
(2003) and Sakayaroj et al. (2005) visualized on 1% (w/v) of TAE agarose gel. A)
ISB0201-Tioman Island, Malaysia B) 1ISB0301- Kukup, Malaysia C) 1SB0361-
Bagan Lalang, Malaysia D) 1SB0362- Bagan Lalang, Malaysia E) 1SB3532- Sai
Kung, Hong Kong F) ISB3533- Sai Kung, Hong Kong G) ISB2952- Samal,
Philippines H) 1SB2953- Samal, Philippines I) 1ISB2954- Samal, Philippines K)
ISB5059- Sai Kung, Hong Kong L) 1ISB1350- Three Fathom Cove, Hong Kong
M) ISB0657- Jici Rockyshore, Taiwan N) 1ISB0658- Jici Rockyshore, Taiwan.

Figure 5.2 PCR amplification of 1TS1-5.8S-1TS2 region from V.enalia isolated
from Malaysia, Taiwan, Hong Kong, Philippines and Singapore. Representation
of isolates showing amplification of the entire ITS1-5.8S-1TS2 region. The PCR
products had a molecular weight of 500-550 bp. A) 1SB0658 B) ISB0657 C)
ISB1350 D) ISB1350 E) ISB5059 F) ISB5059 G) ISB0201 H) ISB0301 I)
ISB3532 J) ISB3533 K) ISB5059 L) ISB1350 M) ISB0361 N) 1SB0362 O)
ISB2952 P) ISB2953.

Figure 5.3 A single most parsimonious tree inferred from the ITS1-5.8S-1TS2
sequences data. The tree was produced using branch-swapping algorithm with the
Multiple trees option (MULTITREES) disabled (tree length=178 steps, C. I.
=1.000, R.1. =1.000). Maximum parsimony tree was produced by the unweighted
parsimony analysis where gaps are treated as missing data. Sixteen taxa were used
and a Phoma sp. was chosen as the outgroup taxa. One tree was resulted with a
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tree length = 178, a consistency index (C.l.) = 1.000, a retention Index (R.l.) =
1.000 and rescaled consistency index (R.C.) = 1.0000 Two clades were resulted;
the first clade consisted of 13 isolates (1ISB2954, 1SB2953, 1SB2952, 1SB0362,
ISB0361, 1SB5059, 1SB1350, ISB3533, I1ISB3532, 1SB1349, 1SB0301, 1SB0201
and GQ203796) with a moderate bootstrap support and the second clade consisted
only 2 isolates (ISB0658 and 1SB0657) with a weak bootstrap support. The
pairwise matrix (Table 4.2) shows the sequences within both clades are identical,
while sequences between the clades differ only for less than 1%.
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Table 3.1 Description of Study Sites.

Table 4.1 Marine fungi isolated from Cape Rachado, Telok Pelandok and
Morib.
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occurrence) at the three study sites.

Table 3.4 Diversity indices in marine fungal communities collected from Cape
Rachado, Telok Pelandok, Bachok, Jambongan Island, Mandidarah Island and
Malawali Island (see Figure 1 for locations).

Table 3.5 Sorenson’s similarity indices between the study sites in Malaysia (see
Figure 1 for locations of sites).

Table 5.1 Three most significant strains deposited in GenBank associated with
V.enalia isolates from the study.

Table 5.2 Pairwise matrix.
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List of Abbreviations and Symbols

UV- ultraviolet

EDTA- ethylene diamine tetra-acetic acid
DCA- detrended correspondence analysis
%00 part per thousand

MA- million years ago

ITS- internal transcribed spacer

rDNA- recombinant deoxyribonucleic acid
IWP- Indo West-Pacific

ISEA- Island South East Asia

Ha- hectares

DIC- differential interference contrast
CMA/SW- cornmeal agar/seawater
rRNA- recombinant nucleic acid

LSU- large subunit ribosomal

CO1- cytochrome ¢ oxidase subunit 1
ng- nano gram

M- micro molar

mM- mili molar

L- litre

g- gram

dNTP- Deoxyribonucleotide triphosphate
PCR- polymerase chain reaction

wi/v- weight/volume

bp.- base pair

OD- optical density

NCBI- National Centre for Biotechnology Information
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