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ABSTRACT- Competition experiments were performed using precolonized leaves or leaf disks of red
mangrove Rhizophora mangle with: (1) disks containing pure cultures of single species of marine true
fungi or species of Halophytophthora (the principal genus of marine oomycotes); and (2) leaves bearing
bacterial films. Preoccupied leaves were exposed to natural microflorae in mangrove creeks at 2 Cays
in the Bahaina Islands, or placed in laboratory seawater enclosures wherein pairs of halophytophthoras
were given equivalent opportunity to occupy fresh leaf material. The ubiquitous coastal-marme oomycote H. vesicula was found to be an able competitor versus true fungi and versus other halophytophthoras. Against other halophytophthoras, this was true for both primary and secondary resource capture. The one exception among the fungi was a species (Dendryphiella salina) common in decaying
drift material in high-intertidal zones. H. spinosa was a weak competitor with true fungi and with H.
vesicula, though it was not displaced by H. vesicula, and H. spinosa could depress the frequency of H.
vesicula occupation when H. spinosa was well established. H. bahamensis did not routinely form sporangia, preventing identification and firm conclusions regarding compet~tiveness,other than that it
could not block H. vesicula, but could block H. spinosa from entering its occupied arenas. When bacterial films were present on leaves prior to access by halophytophthoras, the occupation frequency of
halophytophthoras was sharply depressed (by about 70 to 90% with 48 h bacterial films), including for
H. vesicula, implying that in some types or parts of mangrove systems, submerged-leaf decomposition
may sustain low levels of participation by halophytophthoras.
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INTRODUCTION

Eukaryotic mycelial decomposers are potentially
important secondary producers in coastal zones where
there is high productivity by vascular plants (Newel1
1996). In saltmarshes, marshgrass shoots are the basis
for high productivity by fungi (rough estimate: 325 g
m-2 yr-', principally by ascomycetes) (Newel1 1993,
1996, Newel1 et al. 1996). In mangrove ecosystems,
there is evidence that oomycotes, rather than fungi, are
the major mycelial decomposers of submerged leaves
(Newel1 1996). The oomycotes are mycelial protoctists
that have swimming propagules (zoospores) resembling planktonic heterotrophic flagellates (Dick 1990,
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Nakagiri 1993, Fell & Newel1 1997, Kohlmeyer et al.
1997). The oomycotes were formerly termed 'zoosporic
fungi', and are still alternatively referred to as 'chromistan fungi' or Peronosporomycetes (Dick 1995), although they are not evolutionarily close to the Kingdom Fungi (references in Erwin & Ribeiro 1996, Fuller
1996, Newel1 1996). We use the word 'fungi' herein
only to refer to members of the Kingdom Fungi.
The most prominent marine oomycotic species is
Halophytophthora vesicula (Anastasiou et Churchland)
Ho et Jong, which can be found at high frequency
(290% of small samples of decaying leaves) in mangrove ecosystems and temperate marine coastal systems where there is high input of leaf litter (e.g. Newel1
& Fell 1994, 1995). H. vesicula has been found in
marine ecosystems in both hemispheres at the edges of
the Atlantic, Caribbean, Pacific, and Indian Oceans
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(Fell & Master 1975, Nakagiri et al. 1996). Halophytophthoras of secondary occurrence frequency to H.
vesicula are H, spinosa (Fell et Master) Ho et Jong, H.
kandeliae Ho, Chang et Hsieh, and H. exoprolifera Ho,
Nakagiri et Newel1 (Newell& Fell 1995, Nakagiri e t al.
1996).Rare species (110% frequency) include H. bahamensis (Fell e t Master) Ho e t Jong and H. epistomium
(Fell e t Master) Ho et Jong (Newell & Fell 1995).
Halophytophthoras can be detected in fallen mangrove leaves within 2 h of leaf fall, and frequencies of
internal mycelium approaching or equalling 100 % can
b e found by 24 to 48 h after leaf submergence (Newel1
et al. 1987, Newel1 1996). It has been speculated that
this rapid occupation of fallen leaves is a means of coping with competition from microbial films that form on
leaves (including protozoa and labyrinthulids that are
potential predators upon halophytophthoras) (Newel1
& Fell 1995). Although ergosterol contents of submerged, decaying mangrove leaves strongly suggest
that fungi a r e not usually successful competitors with
halophytophthoras for submerged mangrove-leaf substrates (Newell & Fell 1992a), marine fungi are regularly found in submerged, decaying mangrove leaves
by culturing techniques (Newel1 1996), and may also
have the potential for successful competition with
halophytophthoras, given appropriate environmental
conditions (e.g. perhaps, the intermittent drying of the
upper intertidal zone; Newell & Fell 1992a).
Study of competition among eukaryotic mycelial
decomposers has been more strongly targeted to fungi
(Cooke & Whipps 1993, Robinson e t al. 1993, Wardle et
al. 1993) than to oomycotes, although competition
experiments have been performed with species of
oomycotic p1.a.nt pathogens (e.g. Holmes & Benson
1994), with true fungi and oomycotic plant pathogens
or oomycotic parasites of fungi (e.g. Lederer e t al. 1992,
Jones & Deacon 1995), and with oomycotic plant
pathogens and potential bacterial biocontrol agents
(e.g. Fukui e t al. 1994). We report here our experimental testing of the competitiveness of halophytophthoras
versus bacterial assemblages and marine fungi, with
respect to secondary resource capture (the taking of

previouslyheld territory; Cooke & Whipps 1993). We
also tested capacity for both primary and secondary
resource capture among 3 species of mangrove halophytophthoras, one ubiquitous (Halophytophthora
vesicula), l of secondary occurrence frequency (H.
spinosa), and 1 rare (H. bahamensis).

METHODS

Sites. Experiments were performed at 2 sites in the
Bahama Islands, Mangrove Cay north of Grand Bahama (26" 54.4' N, 78" 37.4' W) and Manjack Cay,
Abaco Islands (26" 49.1' N, 77" 21.9' W) during May
1996. Temperatures and salinities at station sites in the
mangrove creeks ranged from 23 to 31°C and 24 to
36%0(Mangrove Cay) and from 26 to 32OC and 30 to
34 %O (Manjack Cay). There was rainfall from scattered
storms at both stations during exposure of experimental leaves. The Manjack site was 'Station C' of Newel1
et al. (1987).Red mangrove trees bordering the creeks
were approximately 4 m tall at both sites. At the Mangrove Cay site, the creek was approximately 3 m deep
by 3 m wide at mean low water (MLW) at the experimental station, with walls steeply sloping away from
the edge of the mangrove-proproot zone, so that
deposits of naturally decaying leaves accumulated at
the creek bottom, away from the proproots. At the
Manjack Cay site, leaf deposits accumulated among
and adjacent to the proproots; the creek was about 6 m
wide by 0.3 to 1 m deep at MLW at the bag-attachment
site (see below).
Three types of senescent leaves of red mangrove
Rhizophora mangle L. were employed: (1) leaves sterilized, inoculated, and incubated with pure cultures of
particular microbes before field exposure; (2) leaves
not presterilized, and exposed to pairs of oomycotes in
non-sterile seawater; (3) leaves not presterilized, but
preincubated with mangrove-ecosystem microbes that
could pass 1.2 pm glass-fiber filters before field exposure (Table 1). We used autoclaving in our Expt 1 to
ensure that our intended preoccupying microbes

Table 1 Basic summary of Expts 1 to 3 involving disked or whole yellow senescent leaves of red mangrove Rhizophora mangle
that were picked from trees, treated, subsequently submerged in the mangrove ecosystem (Expts 1 and 3) or in seawater from
offshore of the mangroves (Expt 2 ) , and then sampled to detect outcome of competitiorl for leaf occupation
Expt

Type of intended competitor

Treatment of experimental yellow leaves

Preestablished mycelial

Disks autoclaved, and inoculated (or not) with pure cultures 2 to 3 wk
before natural mangrove-ecosystem submergence
Disks not presterilized; juxtaposed to source of mycelium of pairs of
oomycotes immediately before submergence
Whole leaves not prester~liz~ed;
exposed (or not) to natural bacterial
suspension prior to exposure in mangrove system

P

Non-established mycelial
3

Bacter~alassemblage

P
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would be well established when placed in the field to
face competition from naturally occurring microbes.
We recognize that autoclaving causes change in the
leaf substrate that could affect microbial activity during field exposure, but no presterllizlng method is
without this fault, including the often-recommended
gamma sterilization (Coleman & Macfadyen 1966,
Frankland et al. 1990). I t should be noted in this
connection that the same 2 oomycotic species were
predominant occupants of both autoclaved and nonautoclaved disks (control leaves for Expts 1 and 3,
respectively; see below); these are the same predominant species (Halophytophthora vesjcula and H. spinosa) that have been found for new-fallen leaves of red
mangrove in several previous studies, in which exposure of pi-esterilized leaves was not performed (e.g.
Newel1 & Fell 1995, 1996, and references therein).
Expt 1: competition with a well-established occupant. Leaves were picked directly from trees at the
senescent, yellow stage, and stored at -20°C. They
were thawed and used to obtain 330 disks of 1.4 cm
diameter (cork borer). The disks were autoclaved
(30 min) in glass dishes (15 disks per 100 X 15 mm dish)
with 5 m1 tapwater Sets of 15 sterihzed disks were
placed at the growing edge of mycelium of one of 9
species of mangrove fungi or oomycotes, on a plate of
dilute V-8 agar (Newel1 & Fell 1994) made with 15%0
seawater. Two sets of uninoculated control disks were
prepared, one on V-8 agar, and one that was kept in
the original glass sterilizing dish. Disks were incubated
at 25°C in diffuse daylight (about 20 pE m-' S-') with a
natural light/dark cycle for 2 to 3 wk.
Three of the precolonizing species were marine
fungi (Kohlmeyer & Volkmann-Kohlmeyer 1991), all
isolated from decaying leaves of red mangrove: Dendryphiella salina (Sutherland) Pugh et Nlcot (culture
accession number SAP 30); Lulworthia sp. (SAP 56);
and Zalerion varium Anastasiou (SAP 58). The first
species is characteristic of intertidally decaying plant
material (Kohlmeyer & Kohlmeyer 1979, Miller & Whitney 1981, Genilloud et al. 1994); the other 2 of submerged decaying leaves (Newel1 et al. 1987). The
Dendryphiella species used exhibited characteristics
intermediate between the descriptions of D. salina and
D. arenaria Nicot (most conidia with 2 3 septa, but
some with as many as 6 septa), so it is listed here as D.
salina, the taxonomically older species (based on Cercospora salina Sutherland 1916: Kohlmeyer & Kohlmeyer 1979). All 3 species had produced propagules
(conidia or ascospores) on/in the presterilized disks
after 2 wk of incubation.
The remaining 6 strains of precolonizing microbes
were marine oomycotes (Kohlrneyer et al. 1997) isolated
from submerged decaying leaves of red mangrove.
These were species of the genus Halophytophthora Ho
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et Jong, with 2 strains each: H. vesicula [SAP 40 (= ATCC
64763) and 881; H. spinosa var. spinosa (Fell et Master)
Ho et Jong (SAP 87 and 97); H. bahamensis (Fell et
Master) Ho et Jong [SAP 38 (= CBS 153.96) and 1131.
SAP 40 and 88 are examples of the 'delicate-vesicle'
variety of H. vesicula (Kohlmeyer et al. 1997). The H.
vesicula and H. spinosa strains produced sporangia on
the presterilized disks after 2 wk of incubation, but the
H. baharnensis strains produced only mycelium.
Precolonized disks and uncolonized controls were
exposed in mangrove creeks at Mangrove and Manjack Cay. Disks were placed in nylon-mesh bags
( 4 m m h e s h , 12 X 12 cm, 15 disks from 1 treatment per
bag) along with a label (a marked 2.5 cm watchglass),
and these small bags were placed together into a
larger nylon-mesh bag (30 X 30 cm). Approximately 30
naturally submerged decaying leaves of red mangrove
collected near the bag-tying sites were mixed into the
larger nylon bag among the smaller bags (to provide a
natural source of zoospores of marine oomycotes;
Newel1 & Fell 1992b, 1996). The bags of disks were
submerged and tied to proproots of red mangroves 1 to
5 cm below the level of mean low water, at a location
about 50 m upstream from the mouth of a creek draining the mangroves. Precolonized control disks for the
Halophytophthora species were directly plated onto
A/T medium as controls, and incubated as described
below for the field-exposed disks.
After 48 h of exposure, the bags of disks were
retrieved and kept in seawater until sampled (within
3 h). Disks were removed from each small bag, drained
of free water, and placed on plates of A/T medium
(Newel1 & Fell 1996, Kohlmeyer et al. 1997), an agar
preparation that is selective for oomycotes [contains
amphotericin-B (2.5 mg I-') and thiabendazole (10 mg
1-l) to ~ n h ~ btrue
i t fungi, and ampicillin (250 mg I-'),
chloramphenicol (10 mg 1-'), and rifampicin (10 mg 1-')
to inhibit bacteria]. Plates were incubated in darkness
for 4 d , dnd then under a 12:12 h 1ight:dark cycle (50 pE
m-' S-'), at 25°C. Plates were examined under the dissecting microscope (x25 to X 100) for presence of oomycotes (with confirmations under a compound research
microscope) (Kohlmeyer et al. 1997).
Expt 2: competition with equal initial status. Precolonized disks of red-mangrove leaves were used as
in Expt 1 (Table l ) ,containing the same species and
strains of Halophj~tophthora.For Expt 2, the precolonized disks were paired (all combinations of the strains
used). Each pair of disks was placed together, and a
smaller disk (0.6 cm diameter) was simultaneously
removed from the center of both precolonized disks.
Then a 0.6 cm disk from a yellow (senescent) red-mangrove leaf collected from trees at the Mangrove Cay
site was inserted into the hole in the pair of precolonized disks. The fresh yellow leaf-disk was thus equiv-
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alently exposed to mycelial entry at its periphery from
both strains of a pair of species. Three replicates of
these 'filled-doughnut-hole' preparations were made
for each pair of halophytophthoran strains. The 'filled
doughnut holes' were placed into plastic flow-through
enclosures (8 pm screening at each end of a cylinder,
10 X 2 cm; Newel1 & Fell 1996) and immediately placed
into a 6 l volume of seawater (collected from about
200 m outside of the mangroves where no propagules
of marine mycelial oomycotes would be expected;
Newell & Fell 1992b, 1996).The enclosures were incubated outdoors in the 6 1 bucket for 5 d , out of direct
sunlight (temperature range, 25 to 34°C).
After incubation, enclosures were opened and the
small yellow disks were removed. The small disks
were drained of free water, placed on plates of A/T
medium, and incubated and examined as for Expt 1.
Expt 3: competition with established bacterial
assemblages. Two 200 m1 water samples were collected in screw-cap bottles from just above naturally
decaying red-mangrove leaves at each of the cays.
Two naturally decaylng red-mangrove leaves were
added to each sample. These were shaken for 10 S by
hand, and 120 m1 from each sample was pushed
through a Whatman GF-C syringe filter (1.2 pm nominal pore size, 2.5 cm diameter) into a 2 1 volume of seawater from 200 m outside of the mangroves. To one of
the two 2 1 volumes were added 17 yellow red-mangrove leaves picked from trees at the cay sites. Both 2 1
volumes were incubated outdoors out of direct sunlight, with stirring approximately every 8 h. After 24 h,
the second 2 l volume received 17 yellow leaves. After
a further 24 h, 15 leaves from each bucket were transferred to 30 X 30 cm nylon-mesh bags (4 mm2 mesh),
and tied to red-mangrove proproots as in Expt l . Also,
15 vellow leaves that had not received exDosure to
1.2 pm filtrates were placed in a 30 30 cm nylon bag
a n d tied to proproots' *longside the bags Of
leaves, a bag of 50
submerged decaying redmangrove leaves was tied as a natural zoospore-source
(Newel1 & Fell 1996). The remaining 2 leaves from
each of the sets exposed to 1.2 pm filtrates were used to
provide
the potential presence of
cotes in the filtrates. Four 0.6 cm diameter disks were
taken from each leaf and plated on A/T medium as
described below.
After 26 (Mangrove Cay) or 46 (Manjack Cay) h, the
baqs of vellow leaves were retrieved. Leaves were
drained of free water and two 0.6 cm diameter disks
were taken from each leaf with a sterile cork-borer
(Kohlmeyer et al. 1997) and plated on A/T medium,
with incubation and examination as for Expt 1.
Identifications and statistics. Identifications of oomycotes were based upon references listed in Kohlmeyer
et al. (1997). Voucher specimens are available from

S.Y.N. Frequencies of occurrence were compared
using the R X C G-test of Sokal& Rohlf (1995).

RESULTS
Expt l

Four species of oomycotes were encountered on
field-exposed control (not precolonized) disks: Halophytophthora vesicula (delicate-vesicle variety), H.
spinosa var, spinosa, H. exoprolifera, and Pythium
grandisporangium Fell et Master. The former 2 were
most common (to 93-100% of control disks) (Table 2),
and the latter 2 rare (7% maximum). H. bahamensis
sporangia were not found for field-exposed control
disks. There were no significant (p < 0.05) differences
between occurrence frequencies for the 2 types of
field-exposed control disks (agar plated or not), nor for
disks of any 2 strains of preinoculated oomycote species, so the control data and species-strain data were
pooled in Table 2.
Control disks plated directly onto A/T medium (no
field exposure) for the halophytophthoras all exhibited
immediate growth, and the strains of Halophytophthora vesicula and H. spinosa formed abundant sporangia. The 2 strains of H. bahamensis, however,
though forming mycelium as rapidly as the other 2 species of Halophytophthora, did not form sporangia on
the control plates.
Disks preoccupied by Dendryphiella salina exhibited 1 occurrence of Halophytophthora vesicula and
none for H. spinosa (Table 2; p c 0.05 vs control), although Pythiun~grandisporangium was able to co-

Table 2. Frequencjes of occurrence from Expt 1 (Table 1) for
Halophytophtl~ora vesicola (Hv) and H spinosa (Hs) from
disks of red-mangrove leaves preinoculated with specles of
marine funqi
salina, Lulworthia sp., Zalenon
- (Dendryphlefia
..
varium) or oomycotes (H. vesicula, H. spinosa, H. bahamensiS)~then exposed (48 h) in 2 mangrove creeks (Mangrove
disks were
preinoculated.
C a and
~ Manlack C a ~ ) .
Least-significant ( p < 0.05, R X C G-test) difference (LSDlltfi)
between control and any other frequency, 17 percentage
units for oomycote-preoccupied disks (total n = 60), 24 percentage units for fungal-preoccupied disks (n = 45)
Preestablished
species

D,
~
~sp,
Z. varium

Mangrove Cay
'%Hv
'/OHS
l 100
100

0
~ 0
0

100

93

0

Manjack Cay
% H v 'YiHs
~

7

0

80
67

~ 20
0

90

57

H. bahamensis

~
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occupy 53 % of these disks at Manjack Cay ( p < 0.05 vs
control frequency of 7 % ) (data not shown). Disks preoccupied by the other 2 true fungi tested (Lulworthia
sp., Zalerion varium) were CO-occupiedby H. vesicula
(67 to 100%);but p < 0.05 vs control for Manjack),
whereas H. spinosa exhibited 0 to 20% frequencies
on fungal-preoccupied disks (p < 0.05 vs control)
(Table 2). There was only 1 case of occurrence of H.
bahamensis on fungal-preoccupied disks: 27 % on Lulworthia disks at Manjack Cay.
Disks preoccupied by Halophytophthora vesicula
exhibited occurrences of H. spinosa at a maximum of
7 % ( p < 0.05 VS control). Preoccupation by H. spinosa
allowed 47 to 80 % occurrence of H. vesicula (p < 0.05
vs control). Disks preoccupied by H. bahamensis were
the only ones among the oomycote-preoccupied ones
for which sporangia of H. bahamensis were found, and
even then at a maximum of only 33 % (compare results
for H. vesicula and H. spinosa on self-preoccupied
disks in Table 2). However, disks preoccupied by H.
bahamensis allowed only a maximum of 17% frequency for H. spinosa (p c 0.05 vs control), but 87 to
90% frequency for H. vesicula ( p > 0.05 vs control).
Sporangia of H. vesicula occurring on mycelium from
H. bahamensis-preoccupied disks were always visibly
smaller and fewer than associated with other types of
disks revealing H. vesicula.

Expt 2

When paired with Halophytophthora spinosa or H.
bahamensis, H,vesicula always appeared on the A/Tplated disk (the 'doughnut-hole' disk), in all 24 of the
possible cases. When paired with H. vesicula, H. spinosa appeared in 3 of 12 possible cases ( p < 0.05 vs
frequency of H. vesicula). When paired with H. baharnensis, H. spinosa appeared in 7 of 12 cases. H. bahamensis appeared only once (as identifiable spordngia),
when paired with H. spinosa. In pairings of H. spinosa
and H. bahamensis, H. vesicula appeared in 7 of 12
cases; since it was not present in the original disks (the
'doughnut' disks) placed into these 8 pm screened
tubes, it must have gained access to the 'doughnuthole' disks in these pairings as zoospores that swam
through the screening twice, out of a tube containing
H. vesicula and into one originally not containing H.
vesicula.

Expt 3
The only oomycotes encountered in this experiment
were Halophytophthora vesicula and H. spinosa. Control disks exposed to the 1.2 pm filtrates, but not ex-

0

24

48

O

24

4s

I-IOURS OF EXPOSURE TO 1.2-pm FILTRATE

Fig 1. Frequencies of occurrence for Halophytophthora vencula and H. spjnosa from disks of red-mangrove leaves
exposed for 0 to 4 8 h to 1.2 pm filtrate of a bacterial suspension from decomposing red-mangrove leaves, prior to exposure for 1 to 2 d in mangrove creeks. First 3 sets of bars, left to
right, are for Mangrove Cay; second 3 sets are for Manjack
Cay. LSDOIlS(see Table 2 heading) between any 2 frequencies, 17 percentage units (total n = 60)

posed in the mangrove creeks, exhibited no occurrences of halophytophthoras (n = 32). Exposure of yellow leaves of red mangrove to l .2 pm filtrates of bacterial suspensions from decomposing leaves caused
significant ( p c 0.05) decreases (by 17 to 53 percentage
units) in frequency of occurrence for both halophytophthoras after 24 h of bacterial access to leaves (Fig. 1).
After 48 h, frequencies of halophytophthoras were
reduced by 2 x 2 at Mangrove Cay, and to <13% at
Manjack Cay (Fig. 1).Frequencies of disks negative for
halophytophthoras rose with time of exposure to
1.2 pm filtrates, from 3-17 %, with no pre-exposure to
bacterial suspensions, to 67-87 % with 48 h exposure
to bacterial suspensions.

DISCUSSION

Competition among species of mycelial decomposers is known to be a determinant of the degree to
which individuals are successful in capturing substrate (Cooke & Whipps 1993, Robinson et al. 1993,
Rayner 1994, 1996), although use of manipulation
experiments in the field (e.g. Wardle et al. 1993), for
comparison to laboratory pairings, has not been common (Shearer 1995). By manipulating the content of
halophytophthoras within red-mangrove leaves, in
samples exposed in the field and the laboratory, we
found that one likely reason for the predominance of
Halophytophthora vesicula in submerged, decaying
leaves of Rhizophora (Nakagiri et al. 1989, Newell
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1996) and other maritime leaves (Newel1 1992) is that
this species is an aggressive competitor. Not only was
H. veslcula able to CO-occupy substrates that contained well-established fungi (except for Dendryphiella salina substrates), H. vesicula blocked H. spinosa almost entirely when H. vesicula was the first
occupier of leaves (Table 2). When H. vesicula and H.
spinosa had equivalent opportunity to move together
into new substrate (Expt 2), there was CO-occupation
by H. spinosa in only 25% of the possible cases. H.
vesicula CO-occupieddisks even when it had to swim
to them as zoospores from outside of experimental
enclosures in Expt 2, behavior not evidenced by H.
spinosa.
It may be that Halophytophthora spinosa must precede H. vesicula in finding and occupying substrates in
order to successfully compete with H. vesicula, as evidenced by the partial suppression of H. vesicula that
occurred when H. spinosa was well established
(Table 2). This would be consistent with the finding
that H. spinosa var. spinosa is the predominant halophytophthora in submerged decaying Rhizophora
leaves only when there are not large submerged leaflitter deposits near new-fallen leaves (Newell & Fell
1995). This may imply that the zoospores (or zoospore
cysts) of H. spinosa are better long-term survivors of
the planktonic period of their existence (see Verity &
Smetacek 1996).
Halophytophthora bahamensis also did not prevent
CO-occupationby H. vesicula, even when it was well
established, although it (or ~nvadingH , vesicula) did
sharply depress occupation by H , spinosa (Table 2).
Whether H. bahamensis could CO-occupy disks containing other oomycotes or fungi, well established or
not, cannot be determined from the present results,
because the 2 strains of H. bahamensis used did not
form sporangia in control preparations that contained
no competitors. Therefore, it could not be determined
whether H. bahamensis was present in disks not preinoculated with this species. We cannot conclude
whether or not H. bahamenszs is a weak competitor,
or whether it is truly rare, until we learn more about
its requirements for sporangium genesis, or until we
attempt to detect its presence using non-cultural
methods (Bermingham et al. 1997, Fell & Newel1
1997).
The one species of fungus that provided effective
obstruction of Halophytophthora vesicula was Dendryphiella salina (Table 2 ) , which is the one fungal
species among the 3 tested that is not common as an
occupant of submerged decaying leaves of Rhizophora (Newel1 et al. 1987). D. salina is a cosmopolitan
species of decaying matter (perhaps especially drift
macroalgae) of marine intertidal and supratidal zones
(Kohlmeyer & Kohlmeyer 1979, Pugh & Beeftink 1980,

Schaumann & Weide 1995). There is preliminary
evidence that leaves decaying in the high-intertidal
zone, where regular drying takes place, have fungi
rather than oomycotes as thelr principal decomposers
(Newel1 & Fell 1992a). High competitiveness of intertidal fungi may act in concert with water-availability
stress in shifting the competitive balance away from
oomycotes in high-intertidal zones. Note that D. salina
produces secondary metabolites (trinoreremophilanes)
with potential antimicrobial activity (Guerriero et al.
1989).
The periods during which the yellow leaves of Expt
3 were exposed to 1.2 pm filtrates of bacterial suspensions (24 and 48 h) were less than has been found to
lead to maximum bacterial coverage of newly submerged leaves of red mangrove (Benner et al. 1988,
Blurn et al. 1988). Benner et al. (1988) found a plateau
(3 X 10' cells cm-2 leaf surface) at 5 d, and Blum et al.
(1988) found continuously increasing bacterial mass
(per g remaining leaf) through 40 d of decay. Even so,
when bacterial films (including small protozoa from
the filtrates (Newel1 et al. 1986) and other protozoa
from the unfiltered seawater in the suspension) were
given 24 h to form, halophytophthoran occupancy of
leaves was depressed by about 20 to 50% and after
48 h of bacterial activity, about 70 to 90% of leaves
were unoccupiable by halophytophthoras (Fig. l ) .
Yellow red-mangrove leaves are reported to float for 1
to 2 d after falling into seawater (Findlay et al. 1986),
and in our present enclosures, the fraction floating
after 24 h was 47%, and after 48 h, 12%. Newel1 &
Fell (1992b) found that leaves placed at or near the
surface of mangrove water columns could exhibit
rates of occupation by halophytophthoras 1 3 0 % of the
rates found directly adjacent to naturally decornposing leaves on the sediment surface. Thus, in sites such
as the tidal creek of Mangrove Cay, where new-fallen
leaves are commonly swept out of the mangrove
stand, and where the natural submerged deposits of
leaves are meters below the proproots (see 'Methods'), it may be that some fraction of fallen leaves is
enwrapped by bacterial films that are effective blockades to entry of leaves by halophytophthoras, so that
not all submerged decaying leaves experience halophytophthoran decompositional activity. If so, halophytophthoran capacity for rapid attachment and
entry into new-fallen leaves (Newel1 et al. 1987) may
have evolved as a mechanism for successful competition with bacterial assemblages.
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