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INTRODUCTION

The red mangrove {(#hizophora mangle L.) detrital system is a basic

energy source for certain food webs in estuarine environments (Odum, 1970).
The degrading leavos are converted by microorganisms to a high protein
material that is cousumed by small invertebrates which, in turn, are con-
sumed by commercially important fishes and crustaceans. Similar leaf
degradation system:s have been observed in terrestrial (Hudson, 1968; Clark
and Paul, 1970; Przcece and Dickinson, 1971) and freshwater (Cairns, 1969;
Odum, 1971; Kaushik and llynes, 1971; liynes, 1970) communities. Freshwater
community structures are dependent, to a large extent, on the import of
degradable organic waterials (Chapman, 1966; Nelson and Scott, 1962;
Cummins et al., 1573; Minshall, 1967). During leaf decay there is an

absolute increase In nitrogen that is 2 to 3 times the original (Kaushik

and Hynes, 1971). Fungi, rather than bacteria, have been considcre& to
be the principal scurce of this nitrogen increase, and Kaushik and lynes
(1971) found that enimals feed preferentially on microbially infested

leaves. A microbial decay process also takes place in Spartina salt marsh
communities (Burki:izider and Bornside, 1957); these marshes have a twofold
importance to the adjacent estuary, as a nursery ground for a variety of
animals and for the production of organic materials (Teal, 1962).

The only mangrove detrital system that has been studied in any detail
is R. mangle. ileald (1969) observed, during the degradation of mangrove
leaves, a significant increase in the relative amount of protein similar
to that observed in freshwater systems due to fungal activities. Heald
conjectured that fungal protein might be an important food source for the
dutritallconsumers.

Casagrande (l1970) examined some of the chemical changes during leaf



decay. He analyzed tihe amino acids in living and dead plant material

(R. mangle and Cladium) in the Everglades (Florida) and found considerable

increases in amounts oI protein and non-protein acids in the surface litter.
While it was difficult Lo distinguish the added proteins in the surface
litter from those coriginally present in the protoplasm, most of the non-
protein acids were cither not present in the plant or were in much higher
concentrations in tie licter than in the living plant. Some of the non-
protein acids such as y—-anminobutyrie acid, a-y-diaminobutyric acid and
t-g=diaminopimelic acid are constituents of bacterial cell walls, whereas
n—aminobutyric acid, citrulline, ornithine and cysteic acid are metabolic
breakdown products ol microbial.protein amino acids. Casagrande assumed
that fungi were involved in the conversion process; however, it was not
possible to prove this tiochemically due to the lack of amino acids that
are specific to funpa. cells,

There have not been any extensive studies of fungi from mangrove leaves.
The available reports (Creager, 1962; McMillian, 1964; Ciferri and Fragaso,
1927; Batista et al., 1955; Guba, 1961; Stevens, 1920; Vizioli, 1923) have
been examinations i parasites and saprophytes on living leaves. Additional
mycological studies in mangrove habitats include the extensive research of
Kehlmeyer (1969) of the woody parts; Lee and Baker (1973) of roots; and
Lee and Baker (1972a,b), Rai ct al. (1969), Swart (1958, 1963), Cribb and
Cribb (1955, 1956, 1960) and Ulke:» (1970, 1972) in soils. This research
has been reviewed by Newell (1975) who studied the fungal successions on
red mangrove seedlings.

As far as we are aware, the meiofauna associated with deprading mangrove
leaves have not been studies, although certain mangrove sediment groups such

as the foraminife:r: (Broaniman and Zaninetti, 1948; Saunders, 1958), nematodes



(Gerlach, 1957; Timu, 1966) and polychaetes (llartmann-Schroder, 1959) have
been investigated.

The purpose of the present program is to study the degradation processes
in mangrove leaves; in this paper we will discuss the fungi that are asso-
ciated with various stcges of leaf degradation, the alterations in nitrogen
levels that take place, an! some of the population responses of the primary

consumers (meiofauna).

METHODS

Rhizopiiora ninizl> leaves were collected from the following locations:

1) Stations from the north to south ends of Biscayne Bay (Miami, Fla.) in-
cluding Turkey Point, Mangrove Point, West Point, Matheson Hammoék, Bear_
Cut; 2) Card Sound, which is south of Biscayne Bay; 3) Several other loca-
tions in Florida including Windy Key in the Fiorida Keys, Ten Thousand
Islands and Flamingo Kev on the west coast, and Ft. Pierce on the east
coast; 4) Bahamas including Andros Island, Conception Island, Long Island,
Great Exuma aad Man-0O-War at Abaco Island; 5) The Caribbean including
Gonave lsland (ilaiti), Jamaica, Grand Cayman, Curacao and Bonaire (Nether-
lands Antilles), Columbia, Costa Rica, Trinidad; 6) Viet Nam; 7) Selangor,
Malaysia; 8) Seycheilos in the Indian Ocean. The leaves from the Indian
and Pacific Occans were not identified but Lhey were from mangrove species
other than R. manclc.

At all of thz stations, random samples of leaves were obtained that
usually included those that were pre-senescent, senescent and post-
senescent as estinated by color (green, yellow, brown). Samples were trans-
ported to the labovatory in sterile plastic bags with enough water from the

field to keep the material moist. Some of the laribbean and all of the



Pacific and Indian Occan samples were sent to us by cooperating investi-
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collections were made of senescent yellow
leaves that easily dctached from the tree and were considered ready to fall.
100 5.0
The leaves were placed in nylon mesh tags with a 2.5ﬂsq. mm mesh size. The
bags, with 50 leaves/bag, were tied to mangrove roots so that they were
continuously submerged and lay on the bettom in the leaf litter. Leaves
were removed from L:c bags weekly or bi-weekly for 3 wonths. At each
sampling period, two lecaves were removed from each bag and placed in sterile
plastic containers Zor transportaticn to the laboratory. Succession studies
were in the Miami z2:tca 2t Card Sound, Matheson Hammock, Mangrove Point,
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Turkey Point in Ju.y 1570 and at Turkey Point in April 1971. A study was

made at Andros Island, Bahamas in August 1973. This was a 5-day study of
2 stations, 5 miics apart; samples were collected every 24 hours.

Fungal isolation techniques (Fell and Master, 1973) employed incubation
of 4 mm dia. leaf discs on corn meal agar (Difco, prepared with 15 ppt (parts
per thousand) seaw..>r and 0.027% chloromycetin) with and without prior leaf
surface sterilization wiih a mercuric chloride-alcchol wash. A water culture
technique was uscd for scme of the lower fungi. This consisted of placing
leaf discs in 100 = 15 wa dishes containing 25 ml of 15 ppt seawater with
0.05% streptomycin sulfate and 0.05% penicillin G. Temperature tolerances
wvere tested by meascering the daily radial colony growth on corn meal agar
at 15 ppt salinity.

For meiofaunsa! studics, the leaves were placed in clean glass petri
plates and then pgently scraped with a rubber policeman, using a washbottle
of seawater for rinciug . .emove all of the detrital coating. The rins-—

ing and detritus wore ciought to a 50 ml volui:e. Ten ml aliquots were
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examined in a ceouniicy chamber. The ntumber and types of meiofauna were
recorded and the r-.uli: extrapolated to the total velume. The numbers
of meiofauna per s uare centimeter of leaf surface were cialculated. The
mangrove leaf surlace area was approximated by determining the area of an
oval (Zilab), to inciuadce the two leaf surfaces. The animals were cultured
by placing the leaves on the surface of half-strength Difco corn meal
agar plates preparcd with 15 ppt seawater (Hopper et al., 1973). Most of
the meiofaunal specics migrated into the agar, carrying with them the
microorganisms whica they utilized as a food source. 7The microbes, rnostly
bacteria, prolifecrated on the corn meal agar. This particular mediwa was
chosen because eof it: transparency wihich facilitated microscopic viewing
of the meiofauna +i1:l. a dissecting microscope and in many cases permitted
the elucidation of their iife histories. Temperature tolerances (12--37 C)
were carried out Lv (he cstablishment of monospecific meiofaunal cultures
on separate 15 ppt zornn weal agar plates (Hopper et ai., 1973).

In a separate ccudy the habitat range of the mangrove associated
meiofauna, withia cu estuary, was examined on two diverse substrates:
sublittoral sedircnis of Card Sound and marsh grasses (Juncus and Cladium)

on the adjacent coast. Sediment collections were obtained October 1968

at water depths c¢. 1 tc 2 m. Eight surface sediment cores (10 cc each)
were collected at each station. Nematodes were extracted from the sediment
by differential cencrifugation and sieving techniques, then preserved in
47 seawater formnalin or later identification. Marsh grasses were examined
by the same litter bap techniques as used for mangrove leaves.

Relative carbon aind nitrogen values were determined f{rom leaves col-

lected from o sequeatial Litter bag study, November 1973 - March 1974, in



Card Sound. The loeavas cere washed to eliminate surface debris and animals,

and then oven dricd =t 205 C for one week or until a constant weight was
reached. The sar:> t2 ground in a Wiley mill and the powder stored in
a vacuum desiccat: oi. processing in a Perkin-Elmer 240 Elemental
Analyzer. The resulis wore recorded o a per weight basis. Absolute

values required th: additicnal step of a constant volume throughout the
series witich was -aiod by cutting 21 mm diameter discs with a cork

borer. These diccs vere dried, weighed and the percent of carbon and

niltrogen determing., L ils perceatage was multiplied by the weight of
the disc. Thirty to .2 iy leaves were tested from eachk of 0, 15, 24, 50,

and 115 days. Tie resuits of each sampling period were subjected to an
analysis of variance teot fellowed by the Student-Newman-Keuls test (= =

0.05).

RUSULTS AND DISCUSSICN

Hycorlora

— e -t ———

The initial s :iics of mangrove leat degpradation were designed to
obtain a general .0 - . of the decay process and to ascertain the asso-

ciated fungi. Thooe csults were published by Fell and Master (1973), who

isolated 66 zenc.. of (unei and observed a sequence of infestation. Senes-

cent leaves, prior itc leal fall, harbored several parasitic and saprephytic

fangi. estalotia and hvilosticta were readily discernabie due to their

- S ——— ——— -

targe fruiting boo’ ' tiiat were visibie as small dark spots in the upper
epidermis of the lc¢ifl. Some of the other fungi, particularly Aurcobasidiua
and Myrothecium, were adventitious or leaf surface colomizers. Many of the

fungi, e.g., Cladii -ovium, Cylindrocephalum and Nigrospora, penetrated the

e e m————

internal layers oi (e leaf. These fungi varied in their ability to survive



when the leaves tell It the water. ‘cstalotia, the wmost prevaleat geuaus,

persisted througho:l ..: dacay process whereas Phvllosticta disappeared

after the first .. -he water, and the remaining genera diminished in

prevalence at difforinz vates. A variety of fungi invaded the leaves as

tiey decayed. wWitiiia the first week of submerzence the most abundaat

-

initial aders wor2 Lo Phycomyceces Thraustochytrium, Schizechverium,

-n
-

Puytophthora vesi- ... and several undescribed species of Phvtophthora.

In some instanccs ..o:¢ were the only fungi isolated from the leaves. Other
primary invaders weoo A cerpilius, Penici liwa, Triclhoderma, Fusariuu,
Curvularia and [rezisiere. In the Fell and Master report (1973), Drechslera
was mis-identificd ns Dondryphiella, also Fusarium was listed as a
Cephalosporium=>roe: - ~imm-Verticillium compiex. Subsequeatly, we incubated
that complex of cr .. » at 37 C and found thai they all produced typical
Fusarium macrocor. "_u.  Lhe only significant iavader that appeared a‘ter

the second woek of Lo cnence was Lulwvorthia, a cellulolytic marine

Ascomycete. The coricissat technique that we used is preferential for

scveral of tha ubigfious iyphomycetes. The water culture technique, which

was designed for piivcoivcetes, uses a low nutrient medium and therefore
was also of vailuc (or observing slow growing marine forms. Of particular

interest was Zalesion vorium, which was found on the majority of the leaves
after the second an. third weeks of submergence ir the litter bag studies,
Another incubation teclinique that should be considered, ia future studies,
is the Keyworth (L1951 damnp chamber.

The majority ¢ th: genera isolated from the mangrove leaves are
ubiquitous sapropintes tiat are often associated with the breakdown of
plant material. !‘ony of these genera have beea isolated from a variety

of substrates incliuding teorrestrial soils (Barron, 1968), terrestrial leaf



litter in terrcstrial soils (lHering, 1965), in fraspwatcr (Kaushik and
Hynes, 1968) .. ! in scawater (Anastasiou and Churchland, 1969), the marine
grass Thalassi . {iewrs et al., 1965), mangrove muds (Rai et al., 1969;
Swart, 1958) and sa mrshes (Dickinson, 1965). In contrast, the fungal
populations r. o tc (rom mangrove wood (Kohlmeyer, 1969) are quite dis-
tinct from tlc ;. uLulations in leaves. Only Phoma and Lulworthia were

found in boithi sucsisaties.

As Indicatc. t.c pliycomycetes were prevalent during the initial
phases of deci . oo little is known about the role of phycomycates in
marine detrit:.. : 7. Perkins (1973) suggested that labyrinthulids
and thraustochy rois nigat be significant in the detrital formation of
non=marine spe: oot material. Anastasiou and Churchland (1969) des-
cribed Thytop: . 1. csicula from arbutus (Arbutus mensiesii) and laurel

('runus lauvra

leaves that were submerged at brackish and marine
sites near Vancoooor, E.0.  The incidence of P. vesicula was high, 71% of

the 750 leave: <ainiacd ceontained the fungus. Voiz and Jerger (1972)

reported Schiczochvorion and Thraustochvtrium from marine soils, mangrove

S . - P i .

wood and ailpae o> Sooco Island, Bahamas, Ulken (1970, 1972) also observed

those two genc . In marine soils in Brazil. The genus Phytophthora has

not been reportos {rom mangroves, in fact, Lee and Baker (1973) remarked
about the absence of phycomycetes on m-ngrove roots in Hawaii, but
suppested it might be due to the isolation techniques. DMethodology is
important; using tie water culture technique we found P. vesicula and
an undescribed ‘avicoathora species to be prevalent in leaves from a

—_—— et ——

variety of locations {Table 1). Phytophthora sp. has a spiny globose

sporangium (¥ip. 1), & characteristic that has not been described in

the genus. As Indicated in Tatle 1, this species appears to have a



Filameantous Phyccmycctes from decaying mangrove {(Rhizcphoru mangle) leaves.
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1. Mangrove species not identified

2. Morphologically, the llalaysian isolates are distinct from those isolated
elsewhere.



aistribution as it has not beea isolated from

Asian or India: . sumples, Those areas have a similar species or
varicty with = Ly et lobate sporangium (Fip. 2).

The 24=nhr =coucicial studies at Andros lsland, Bahamas demonstrated
that the two siccies o lhvlophthora inhadbit 75 to 100Z of the leaves

within the fir=u .% ars of subnergence and vetained this level for the

entire 3-day test poriod.  The results of the long-term experiments in
florida were vir .. c¢. Jle 1970 study indicated a 20%Z infestation aifter
7 days of sub; , wiicreas the 1971 testing at the same time period
indicated a i: : :tation by the Puvtophthoca spp. 1In all cases the
phycomycetes wors sore or not present after four weeks of submergonce.

Our sampling procs ol C s not suilficiently extensive at present to ascer-
tain the envir . .o»il conditions that atffect phycomycete colonization.
The spreific . Laese phycomycetes is not knownj; tiicy are probably
saprophytes tiiat .. lize the readily available carboa compounds.
Plhiytonhtihe - v aave an additional role in the mangrove degradation

-l — e ——

system. Mo feioid o species at several locations in Florida watere that is

parasitic on guaer fungi, particularly Pestalotis, Amerosporium and
Fusarium. The hypi... of the parasitized fungl are attacked by appressoria,

twining and hyphal iavasion (Fig. 3). Formal descriptions of these and

other mangrove .ssociated phytophthoras are being prepared.
Phycomycetos are also parasitic on the animal populations. [uring
our study of nernatodes associated with mangrove leaves, Newell and

b 8

Cefalu (unpubl: :iiz2) “ound a lagenideaceous species, Myzocytium (vermicolum?)

Fig. 4) that was pathogenic on marine rhabditid nematodes. Zoospores of
& t &
Myzocytium attach by au adhesive process to the cuticle of the nematode,

Rhabditis mavin.. 7The zoospore-penetrates the cuticle and grows as a nypha




throughout the nei:-cle's pseudococlom. The hyphae digest the nematode's
internal organs i wrontually convert entirely to zoosperangia; tubes

form through the culicle and the wmotile zoospore stage is released.
In addition t& :the phycomycete, Newell and Cefalu encountered two

hypliomycetous fungl, il:rposporium that destroyed nematodes of the genus

Diplolaimelloides and Paccilomyces (Fig. 5) that attacked a tylenchid

nematode. The bhypune infect the animals internally and develop external
conidia. Also, Zalerion varium, a common mangrove fungus, has been ob-

",

served "trapping’’ niuntodes of the genus Monhystera. Most of these nema-

tode destroying itunii can be readily observed in culture and will destroy
an entire nemateod: :ulture population. However, their role in contirolling

ncmatede population: in nature is unknown.

Carbon-Nitrogcn [lunalvaes

The alteratic.s in nitrogen content, as an indication of protein con-
centrations and tie potential food value of degrading leaves, have been:
examined {or several litter systems. Kaushik and Hynes (1971) observed
absolute increases in nitrogen with various leaves in freshwater streams.
In their review, choev noted that in woodland litter studies, absolute
nitrogen levels wvaricd; it was suggested that the available phosphorous
and nitrogen was the determining factor. 1In Spartina, Odum and de 1la Cruz
(1967) reported a rolative iuncrease in nitrogen during the decay process,
as did Heald (196%) in studies of red mangroves.

As there is some question as to the meaning of an increase in the

relative amount ol rogen, we compared relative and absolute nitrogen

o
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and carbon values (Figs. 6 and 7) as well as dry weight loss and C:N levels

(Fig. 8) from leaves in Card Sound. The results of dry weight loss and



relative nitrogen chanues are essentially the same as those presented
by Heald (1969) rfor th: Everglades. The mean values in Figs. 6-8 are
given with 95% counlidenc2 intervals. Within the first 15 days there was
a 3C% dry weight Iosz which gradually increased to a 59% loss at 115 days.
Paralleling this loss was a decrease in C:N from 109 at day 0 to 55 at day
115. In terms of relative nitrogen there was a 587 increase during the
115-day period, supgesting enrichment. In contrast, significance was not
detected betwecn wmzan absolute nitrogen values at day 0 and day 115,
although there was a 1GZ increase from day 15 to‘day 50. The relative
amount of carbon  Fig. %) increased by 17% from 0 to 115 days; however,
absolute ca:bdon values {¥Fig. 7) indicated a 51% loss for the 115-day study
period. Thirty-twe pevcent of this loss took place during the first 15 days.

It would appcar that there was a rapid loss of materials due to
leaching, followeca by microbial colonization whiich increased the nitrogen
content of the leal. This increase was considerably smaller than previously
indicated by re.ative nilrogen. These results demonstrate nitrogen standing
crop and do not taxe into account the constant and rapid turnover that is
taking place in aud on the leat due to the activities of large populations
of microbes and mcicfauna.

Assumning a rapid production and utilization of protein, the question
is presented as to tie origin of the nitrogen. Nitrogen concentrations in
the mangrove intertidal waters have not been measured. The only available
information is from surface waters in Card Sound (Segar ct al., 1971) which
demonstrated that nitrates ranged from 6 to 93 ug/liter and nitrites fromn
4 to 8 pg/litec. These figures suggest that ambient nitrogen levels are

low, as they are in nost marine areas. Therefore, Taylor (personal communi-

cation) censidercd anotaer source of nitrogen, specifically, nitrogen
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fixation by bacteria on thre mangrove leaves. In preliminary field cegra-
dation studies of 2 te 23 days, Taylor found that the rate of nitrogen
fixation ranged from 24 to 96 ug/day/gm dry wt of mangrove leaf. The
nitrogen values in degrading leaves reported in Fig. 8 for the days 15-50

are equivalent to 34 vg/day/gm. This would suggest that bacteria axe

capable of contributin: a considerable portion of the required nitrcgen.

Meiofauna
Within the first 24 hrs of submergence there is an accumulation of
detritus and sedirent particles as well as fungal spores, meiofauna and

unicellular algac on the leaves. In many cases, a bacterial slime will

coat the leaves aud acc as a matrix for adhesion of these particles and

—
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organisms. Studi.cs Andros Island (Table 2) indicated that during
the first six dars thcere was a gradual increase in the numbers of animals
to approximatelv Z to 12 aunimals/sq cm of leaf (a sq cm averages 1.4% of

the leaf surface area;. Longer term studies in Florida (Table 3) dewmon-

L

strated peaks at 3 to 7 weeks in the range of 34 to 71 animals/sg cm of
leaf. These date are insufficient to withstand statistical scrutiny;
however, they incicate a trend of increasing population densities duving

the decay process. The majority of the animals were nematodes and copepods.
In an examination of 30 samples (3 leaves/sample) over a year in Florcida,

29 to 95% of the uciofaunal populations were unematodes (average 73%Z), 1 to
58% were copepods (average 21%) and 1 to 217% (average 6%) were a variety

of other animals. There is considerable variation, quantitatively and
qualitativelv, in the mciofaunal populations on the leaves at any particular

site. This has not been statistically evaluated. As an indication of the

observed community structure, a "typical" degrading mangrove ‘eaf usually
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Total number oI neicfauna per cm® surface area of leaf with time
of submzigcnce, Andros Island, Bahamas (average of 3 leaves/
samplc).

TABLE 2

Number of Days Submerged

r £ 2 3 4 < 6
STATION 1
Exp. 1 1 0.4 4.6 = 5.2 7.0
Exp. 2 f 1.9 0.9 — 1-6 3.6
STATION 2
E:‘CI). 1 3 1.0 3.2 _— 7-1 13|2
EXP. 2 On2 1.2 = 0-9 1.5




TABLE 3

L . o= b - = b
Total number of meiofauna per cm™ surface ar=2a of leaf with time
of submergence, West Point, Biscayme Bay, Florida (average
of 3 lcaves/sample).

Number of Days Submerged

1-120 17-20 23-25 28-34% 38-42  47-48  50-53 59

64

STATION 1

i 2 6 2 34 11
STATION 2
Exp. 1 7 15 61 71 43 57
Exp. 2 4 16 42 15 17 20 1l




includes 10 species of nematodes, 1 to 3 copepod species, 1 to 2 polychaete
species, several cpccics of foraminifera and large ciliates, and one species
each of flatworms, iasect larvae, mites, oligochaetes, ostracods, tardi-
grades and testacids. Ecologiccl studies of this type are particularly
difficult due to the lack of taxonomic information on the various meio-
faunal groups. DMany of the species that we have examined appear to be
undescribed. The lack of in-depth taxonomic studies has resulted in a
compromise that is useful in the laboratory but unsatisfactory for report-
ing purposes. We hu.ce maintaired permanent slide mounts and drawings for
the majority of the unidentified species in order to recognize and compare
animals from diffcrent locations. These comparative studies have indicated
that certain pop:l:atZons are cosmopolitan in distribution, whereas the
occurrence of cther populations will vary with location and environmental
conditions. Specics Laat appear to be ubiquitous components of the leaf .

habitat (Tables 4 and 3) include the nematode Diplolaimelloides sp. 1,

the copepod lLeptccaris trisctosa, the polychaete Capitellides giardi, and

the foraminifeva 'Irichoihvalis sp. and Quinqueloculina sp.. Many of the

geopgraphical restricticns observed in Tables 4 and 5 may be due to sampling
error, for example tihcre was considerably more sampling in Florida than
in Viet Nam, which makes it difficult to confidently distinguish specific

geopraphical groups. Possible exceptions are Diplolaimelloides spp. 3 and

4, Mononcioides sp. und Oncholaimus spp. 5 and 7 from Malaysia. This parti-

cular difference in nciefaunal populations muy be host dependent as H.
mangle does not ocour In Malaysia.

Tab'e 6 indicates the basic results of meiofaunal distribution :tudics
in mangrove leavc:, sublittoral sodiments and marsh geasses. These lists

arc restricted to tae nove abundant species, for example, over 100 spp. were
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Nematodes found on decayirg mangrove (Rhizophora manmgle) leaves at various locations.

Miami, Fla. Florida Bahamas Caribbean Asia

Sound
*
*

Cut.

Exur

ard
Matheson lammock

Turkey Point
West Point

l
»

Fort Pierce

Sanibel Island

10,000 Islands

Windy Key

Andros Island

Conception Island
A8

Long Island

Bonaire

Costa Rica

Curacao

Gonave

Grand Cayman

Jamaica

Malaysia

Viet Nam

Bear

Diplolaimelloides sp. 1
Monhystera parelegantulia
Cyatholaiminae
Dichromadora scandula !
Hlaliplectus dorsalis i Sl
Oncholaimus sp.8 | X X X
Diplolaimella ocellata
Theristus
Eurystomininae
Viscosia
Chromadorinae H
Halicoanolainus i
Linhomoeinae X
Syringolaimus striatocaudatal X X X
iheristus sp.l PoX X X
Actinonema .
Chromaspirina
Desmodorinae
Epsilonematinae
Halalaimus
Neochromadora bonita
Oncholaimus sp.1l P
Rhabditis marina :
Spilophorella paradoxa = X
Tylenchidae X X
Anticoma X
Axonolaimus X
Cephalobidae

Diplolaimelloides sp.3
Diplolaimelloides sp..
Enoplus paralittoralis
Eubestrichus dianeae
Eubostrichus parasitiferus
Meversia major
Mononchoides

Microlaimus i X
Odontorharynx | X
Odontophoia X
Oncholaimus Sp.5

Oncholaimus SPe7

|

1
raro.vntophora , X
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TAV1E 5

Meiofauna, other than nematcies, found on decaying mangrove (Rhizophiora mangle)
leaves at various locations.

Miami, Fla. ° Florida Bahamas Caribbean Asia
I
; e
| (9]
i & Q oy |
R = = = o
g Hﬁu (] = =1
|. o2& o~ o o 3 fe
I_"Eﬁ-l..-w-l-t-l Uﬂ o ';l! (=] = L
'S ued A s @ |m o T w8
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N IS =) - (=] o -4 g > -
Meiofauna Iz 0.5 220 e I I E B 1 mecg e
o SS9 K0 H B = = 2 B [~ 4 com - o
ladgoa oo = g o 6 2ouw |od=
ICEEZHXE Ly =< & R = ocoooun | =
COPEPODS |
Leptocaris trisetosa XX XXX X X XX % X ORI AS TRRY
Leptocaris vermicularis | X X X X X
Nitocra & Nitocrell: spo. !X XXXX X L | X X K X
Paramphiascella robinsoni® l X X X . Ry S8 N0 1 X
Microlaophonte sp. P oX X X X
]
|
POLYCHAETES 5
i
H
Capitellides giardi | R ¢ X X |X X Xl X S X
unidentified with spines {X XX X ¥ X
unidentified with tentacles ix X
FORAMS ‘
Trichohyalis sp. !X XXXX X KoK X XxX |X
Quinqueloculina sp. XX XXX S G [ CRE < X ¥X |XX
CILIATES !
Keronopsis rubra IXXX X X X X XX
OLIGOCHAETES !
i
Marionina sp. Xx X X X |X X X X |X
i
TURBELLARIANS !
|
2 unidentified spp. IX X XX X X X X X X XX XX
HYDRACARINES
several unidentified =pp. PoAX X X X X X
|

Mangrove species not identified.



TAI1E 6
Nematodes found en shoreline cecaying mangrove leaves (Rhizophora mangle) and grasses
(Juncus roemerianus and Clzcium jamaicensis) and in sublittoral sediments of Card Sound.

Nematode Taxa 1 | Sediments Decaying Mangrove Leaves | Decaying Grasses
| (36°/00)2 (18-44°/00) (C=28°/00)
Cyatholaiminae f X X
Dichromadora scandula : X
Epsilonematinae i X
Halalaimus X
Monhystera parelegantuln x3
Oncholaiminae X
Oncholaimus
Ptvcholaimellus
Syringolaimus striatocazudata
Theristus
Actinonema
Anticoma
Axonolaimus
Chromadorinae
Chromaspirina
Desmodorinae
Eubostrichus dianeaec
Eubostrichus parasitifc.-us
FEuchromadora
tHlalicoanolaimus
Linhomoeinae
Monhystera sp. 1 X3
Odontophora !
Parodontophora
Spilopliorella paradoxa
ierschellingia X
Viscosia X
Diplolaimelloides sp. 1
Haliplectus dorsalis
Microlaimus i
Neochromadora bonita
Tylenchidae -
Diplolaimella ocellat. !
Eurystomininae |
Aphelenchidae
Cephalobidae
Dorylaimidae
Ethmolaimus
Plectus
Rhabditinae
Ceramonema
Lheironchus
Croconenma
'I_;‘ﬂ._lc:mth:'on
HMetonyx
Moversia minor
Monhysterinae
Neotonchus
Phanoderropsis
Tselionena
Richtersia
Sphaerolaimus
Tricoma X

1. Taxa listed only a: ranmily, subfamily, or genus may contain more than one species,
%. Salinities recorded ot siryle collections.
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found in the sediment samples. Also additional sampling could aiter some
of the apparent habitat limitations of some of the species. However, the
study establishec tiat Che mangrove leaves do_uot have a specific nematode
fauna. Some of the mangrove associated neratodes were ubiquaotous to all
of the habitats, otihers {in sediments ar. mangrove leaves) were restricted
to the more saline envivonmencs and samé, cuch as Diplolaimelloides sp. 1,
may be specific conscituents of decaying plant material. This species is
particularly significant due to its widespread geographical distribution
(Table 4).

One of the muin cavironmentar concerns in the study of food webs is

the potential disru tica of one or more of the links due tc natural or man

induced perturbaticis. As a preliminary indication of tolerance levels, we
examined the teupe ature effects on two of the components of the leaf
degradation systew o the laboratory. Figure 9 indicatss that the optimal
growth temperaturce .oy sirains of Phytophthora are at or below 33 C and that
most strains are incapablo of reproducing at 37 to 39 C. Similarly, the

mangrove associated nenctodes (Fig. 10) studied by Hopper et al. (1973)
do not reproduce zhove 35 €. Although laboratory expesimentation of this
type requires contirmacion in the field, it is suggested that high tempera-

ture, as occurs noyaaliv in the summer in some areas, and abnormally as a

result of industrial efiluents, may disruvot the entire food web.

SUIMMARY AND COKCLUSIONS
Fungal invasion of 3, mangle leaves initiates while the leaves are
on the tree. Several species of fungi inhabit the leaves; some penetrate

the epidermal laycers, othiers are leaf surface inhabitants. Their survival

and ceatinued activity in the water vary with the individual species,



Within the first - &Lrs of submergence, the leaves are attacked by phycomy-

cetes of the genus hyctophthora; subsequently they are infested by a variety
of other saprophytes such as Fusarium and Penicillium. In the second and

third weeks the ccllulelytic fungi (Zalerion, Lulworthia) appear and by the

end ¢f the third week the majority of the phycomycetes have disappeared.
The sequence is probably a reflection of the availability of carbon com-
pounds initiating »Ith the utilization of simple carbon compounds by the
phycomycetes throuci to the consumption of the wmore complex compounds by

the other saprophiytic Tungi. Eventually, cellulose and lignip are the

major remaining ccuponents.

During the first two weeks of submergence there is considerable leach-
ing of water soluble nmaterials, during which time the carton level drops
by 32%. Absolute nitrozen values then increase by 16% during the next
5> weeks of submerjeicce. This nitrogen increase reflects standiag crop of
microorganisms onl .loes not take_into account the rapid utilization of
energy sources. LUnder optimal conditions fungi and bacteria can replicate
within minutes aad sore of the nematodes can reproduce in 1 to 2 days.
The agents respoasinle ior the nitrogen iucrease are probably fungi, but
this has not been proven experimentally. The inference is based on anala-
gous roles in tcrresurial and aquatic litter systems. Nitrogen leveis in
the water probably are not sufficient to account for the entire increase.
It is suggested tihat bucterial nitrogen fixation on the leaves contribute
to the nitrogen pool.

The major mciofaunal constituents are nematodes and copepods, althcugh
a variety of othicr iavertebrates are present. These animals inhabit the
surface lavers of tihc leaves within the first 24 hrs of leaf submergence.

Generally, the animals are interstitial within a detrital layer that



accumulates on thco Zcafl surface. Animal nutrition may be dependent to
some extent, upon legradation of detrital material that accumulated on the
leaf from externa. sources as well as decay of the leaf. Peak meiofaunal
populatioﬁ densities are reached after three weeks of leaf submergence,
which coincides wiii: tliie leaf nitrogen increases.

Bacteria uudcultedly are important in the detrital system. In many
instances, they producs 2 heavy slime layer on the leaf during the first
week of submergence. Tais slime acts as a matrix for accumulation of
detritus, algae, ::icfauna and fungal spores. Dacteria are alsola pPrimary
food source for .zay I the meiofauna. While some animals, such as the
amphipods and poliyciuctes, consume leaf particles and appear to derive
their energy from lcaf and fungal material, the majority of the animals,
particularly the ncwmitodes, are bacterial feeders. This suggests an
additional step I:m iLihc Zccd chain, i.e., bacterial utilization of break-
dowin products ¢! _:..:..l and plant degradation. The postulated food chain

i

is depicted as [oilows:

CHogenous

.
‘!
i

ilmgrove loaf

. = ——- - fungal protein ~ bacteria -» meinfauna
Carbon + liitropen :
bacterial
N

Distribution .! siuacies of fungi and meiofauna indicate that comnmunity
structures are siailar throughout tiie world., Some populations are ubiqui-
tous, whereas ihe cccurrvence of other populations may be dependent on a

variety of factors iicliuding environmental conditions, liost substrates or

-

geopraphy. Because i this basic similarity in microbial communities,



the mangrove leaf depradation food webs are probably similar in all red
mangrove regions. Certain nermal and induced environmeatal perturbations
potentially can aiizr these food webs. The only paramecer that we have
studied is temperature. The results indicate that individual components

(phycomycetes and nemacodes) are unable to reproduce at temperatures of

35 to 39°C. Tem

~

crature is only one of many possible stresses; alsc of
concern are effects of changes in salinity, and additions of insecticides,
fungicides, industrial znd domestic wastes, etc. These effects must be
taken into account w=l:en considering future uses of estuarine regions which
can range from anniii . acion of mangroves, to dumping of industrial and

s particularly critical as the studies of Odum

e

domestic wastes. ‘Thisg
(1970) and Austin & Austin (1971) have shown a dependence upon the mangrove

detrital system by a large variety of fishes and invertebrates.
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Phytopiitiiors s:. wii. & L 00082 spiny sporangiu=. Li3e spacies is

SBUNEINT In docivink wulpseve leaves in the wostorn Lcx=isphere.
Figure 2

Fastophtihiora s:. siin & ichata spiny sporangiuxm. Tais sjpecies is

found £n decayin. ~toizove leaves in the Indlan~-Pacific reglon.

Fhavtaphzhor. #r., . "..nal pavasize that iz wwiniag «houl the hyphae
of festaloti: ::
.'igu:‘c -
Phycomycete, 1. o (vemsioolun?), In the nenatode Bhabditis movinal

, L zccspdres penetrating cuticle, c) sporangium,

Figure 5

Paccilomyces sp. sarasitizing & tylenchid nematodc.

Figure 6

Mean relative coooncs {per weight) of carboa and nitrogen in decaying

25 - H Ve a  Emseym iy ) > o R ? ne b5 "- = ..; i ﬂ‘e i t 4 1" & ! l 2'
.J‘.!ilnopl.‘d ru B &+ o v & e L4l s -t \-5 L] i crcell\- CMr‘- o.i Con. -("c"“' *n er\ a 9 = 2

——

Fipure 7

Mean absolute unounis of carbon and nitrogen in decaying Rhizophora

mangle leaf discs.

Figure 8

Dry weight and carbon nitrogen determination in decaying Rhizophora

mangle leaf dises. Lry weight confidence intervais 7 = 2.8 mg.

Figure 9

Colony size of ¥ tophthora spp. after seven days on corn meal agar.




1. 15T OF FICURES (continued)

Fipure 10

Durations ¢f 1l:: o coles of marine nematodes at varlous temperatures

in laborator: cul:uve, 15%es salinicy (From Hopper et al., 1973).
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Abstract

Fungi of the ganus Plivtophthora were found to be assaocizsted witi the

initial stages of licatf litter decay of Rhizophora mangle L. and othe:
Rhizophora species in estuvarine and coastal mariue wabters. Phytophtliora

appears to be an important component o red mangrove litter degradation systems

'—l.

threcughout the tropics including the Atlantice, Yacific and Indian Oceans.

» -

The distributions of Paytopathora vesiculs snastasioun ¢t Churchiand,

3 * - - - ~ o ] g Y e s 4 g gt SEaE L B ) g g - :
and four new specics of Bhytophthora are discussed, as well as ' their

occurrence 4n other tropical marine alliocnthonocus.szeiaatophycic leaf litter.,

’ e e S et ] s e L s : s o feeae G S e i R B =
'HIC‘ WitSCL l}" LONS QL L Eew .‘.'-?L‘:\.ll.'?.b < 3.(1 \'arlCL.;.L’.b_\ o l._-li-....:.-'.’l;. SOudiliCNsS1ls,
P. epistomium, ', N COL UAasitlca, P, spinosa var, splnosa and

i - - - - 3 . e g -y ~ - - 1

P, spinosa var.: ioba: L, are presented.
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Pythium was carzly chserved ia the mangrove litter system, altaough

one species, Pytli i arandisporangiun sp.ney is descrived.
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contribute a major puriion of the organic material that <oives cetrtain
estuarine food chizins. In tiie case of the red mangrove (lhizopirora mangle
L.), ‘it has been ¢s: .cared (Odum et al. 1973) that the lcaves contribute
appr roximately 730 pus cry u“fnzfy ar of organic material tu the estuary.
Heald (1969) reporste!l that this material is converted to .aizsrobial protein
which is coasunu!! 1Y duvertebrabes,; which, i furs, die eaten by
commercially iusoeinsn: erustaceans and fisa.

In freshwasor leas rital systezms,; Iungi are couszdered to be of
primary importance in deprading plant materials (naushilk and lLiynes 1971).
The association of Iunii witlh: the maagrove detrital system was reported by
Fell aad iiaster .. : iy notad that plhycoayceres acliuding Phytophthora,
Schizochybtrium Ferzastachytriiun, were nenbersi of ¢ e radation tlora.
Similarly, Persius (1977 suggested that labyxinthiuiics aitd thraustochyfrids
mignt be sigaificant 1 » getrital Zormation oI asn-i.acine spermatophyte

Jhvtoghtiiora may be

.
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stugzes ave not indicated

Previous
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the presence of i i in tiie mangrove ccosyston. Lee and Baker (1973)
noted the absconce of shvconyoetes on mangcove voots in lLiwaii, but suggested
it might be due %o the mcthods tuey used. Volz and Jerper (1972) specifically

wvamined the mavrine soi

far
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ulatiois of hizochytriunm,
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ated hiy comycetes
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soil mycoflora. 1In coatrast,



(19705 1972) repor IThrauscochivtrium and Schizschviriva froa mzngrove
soils of Brazil; in addition, she described a new specics, 2olyciccavirium
mangrovii.

1here Is reiatively iiitie Raosn about the macine sccusrence of the
genus Phvtophthoia; several rogorts (Fuller and Poyton 1Y9€45; iiBhnk 1956
Siepmann .1959) have cited the presence of Phvtoouthora sp. in brackisn or
marine waters and sodimenis. according to Gocdman (1959}, Austwick (uapub-
lished) observed a Uaztophcliora sp. cn Spartina tovanganldii. The first
report of a petential ralie for Phivtophthora in the nzrine environmest was
by Anastasiou and roanand £1969) 0 They isaia;gc a suucies, waich they
described as P. wvcsicula, from arbutus (Arbutus mépnzlesii) dud laurel
(Prunus lauroceras: iezves that were submerged at brackisiy and mariae
sites near Vavcouves; 5.C. - The aacidence of P. visicalia was nizas 714 of
the 750 lcaves ¢ yacained the fungus.

In coatrasc, PEKS BT LIl 18 cvalent in nc<ine cavironmeniss and
has been 1isol:ats r abers, scdiments and alpgae,; and os & parasite of
invertebrate ova (v ot by Johmson and Sparvow 1Ycl;.

The purpose of clic sresent répore is to dndicate the presence of the
Pythiaceac in-smauyrode & yrhier allochtinonous tropicac datrital systoms,
Because thie spocics that have baen obsorved in these decrital. systems are
mique among their reospective gencera, descripticns ol four new species of
Phiytophthora aud 2 gpecices af PythiuW are preseniced.

Laterials and detheds
Collection Sitos
Mangrove (Riiccphorn manzlc) leaves were coliec ci irci the Zollcw-

ing locations:

fi

ations in Miami,

Florida

orea Lrou noirth to

LiiC
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south end of Biscajy.c bBay, including Bear Cut, West Point, Macneson hamzock

n

Turkey Point, aagreve Point; 2) Card Sound, which is sosth of
3) Windy Key in tae Florida Keyss 43 10,000 Isiands, on La@ west coastc of
Florida; 5) Flamingo, Fiorida; 6) Costa Rica; 7) the Sanawas, including

Andros Island, Conception island, Long Isiand and Abaco; £} Conaves Island,
Haiti; 9) Jemaics; 10) Curacao and Bonaire, Netherlands Antilles; 11i) Colombia;
12) Trinidad; 13) lizwaiian Islands a: Raneche Zay, Oahu sad Rona, Hawaii;

14) Vietnamj 15) Selangor, HMalaysiajy and 10) Seychelles, indian Ocean. Leaves

from the Indian and Pacific Occans, except for Hawaii, wzre from unidentified

Rhizophora species other than R. mangles

-
~ g oy -
COn LA s

Collection T

v

T

At all the sisticas, random samples of mangrove lcaves were obtained

that usually inciuded those that were pre

rt

gRescent;  sant =1l ana postsenes-

Ui

-

n

cent as estimated by cclor {(greea, yellow, brown). Submerged samples were

transported to the Insoratery in sterile plastic bags with encugh water from

the field to keep the naterial asoist. Some of the CaribLezan and the majority

of the Pacific and Indian Ocean samples were sent to us oy cooperating inves-
tigators (sce Acknoviaedonents).

For the funzal succession scudies, collections were made of senescent
yellow leaves that casily detached from the tree and were considered ready
to fall. The leaves woere placed in nylon bags with a mesh size of 2.5 sq
rm. The bags, witi 53 leaves/bagz, were tied to mangrove roois so that they
were continuousiy sunmer;ecd and lay on the bottom in the leat litter. Leaves
were removed from Lle Sags weekly or biweekly for pericas up to 3 monchs.

At each sampling porsiod, two leaves were removed from ezch bag and placed

in steriic plastic containers for transportation cte the laboratory.
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Succession studics AL Ehree locations oa t:he Siant areas  Card
[ RS ANy ey s " » 1y .. Faryels mae 13 Ty - 3 - & Sy =
Sound, Mangrove Point 2nd turkReyvy Point in Sulw 1970, CUTEOY. 25inlan
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buttonwood {(Loitacas caoLed ) plustralian pine (Cosimouna eguisetifolia

'

herbst  Juncus roozarisuus, Gakile fusiformis, Distichisds spicata, railoxerus

vermiculavis, Sesuv! on portulacastrum, Sallcornia wivpia’ca and Sporosbolus

Sp.; marine gragsses: Lhgiassia testudinum and Syriasodiua Iiliformis; and

a marine alga: Scoparshunt Sp.

sampling Techndiao )
Plant nmaterial wos usually sampicd within 2 £ew ucurs Dyt could be

stored up to a week at 3 €. Anv o detritus or mud was vrinscd off with sterile

~
| L

rr
4

withh a

o

water. All sampls lLandliag was periorme

o

(J
-t
[ V
n

instruments. Sannlus woere removed from the leav & mm {I1.D.) cork

borer. FEight sargles wvere taken from each leaf and treated with two techniques:

+ -

four discs were placed cn an isolation agar medium and four in an isolation

water culture (sce helowy.

All water uscd ior riunses, media, water cultures, slide preparations,
ete., was seawater diluted to 15%°/eo with deionized water and autoclaved.
Fresh or aged seawacer was used with equal results. Witk the excepticon of

agar media, the water had to be used within a few days acter cutoclaving;

wvater stored for over & week usually did not permlt sperungial production
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limitations.

)

Plastic petra ses WAJ0 L XD BS) lconiaining 29 il ol Dellig wereused

for water culturcs a.d spar piates. Lo agar isolaticn med tum (ChA+) consisted
of Difco corn meal agar eariched with 0.01i% Difco yeast extract, 0.001% NBC
liver extract, 0.20.7 Uilco cunolesterol, 0.0002% ferzrous suifats, and 0.002%
chloromycetin. The cultures were maintained on this meiium (CUAL), but

without chloromycetia, unless "normal® g

- .. 1 - . - 1 - - .y - s — e —— -
ITOWL was obtasnit on corn meal agar

e » LA e e e Sl Lo S o I T e e g 10
lacking additive. isolation water cultures cossistec of 15% e

44

seawater with 0,C5% screptoniyein suliate and 0.054 periciliin G, added

-

aseptically after suvocliaviag. The observation water cilture; wiaich consisted
of 15%/ .0 seawartor wichont any additive, was used oz subculturing, measure-
ments and other oLscovi.cions.

Isolatici waser cultures were examined the fdrst cad sccond days after

ssorangio-

[ &9

sampling, with a starcoscope with substage lightiag. S ¢varngia an

phores were visible radiating from leaf discs. When cnly one type of phycomycete!
L]

0 v . - -

was present in a disli, subcnltures were made by valiting witli 2 sterile crushed

rr

sesame seed, whica, «fter 1-2 days of incubation, was transierred to the

isolation medium, UWhen more than one type of plycomy:teve was present, the

funpus was isolated by disscection of the sporangia or Luvpitae with fine-ti
A i L o

forceps which was ticn Lransferred to the isolation mediun,

Isolation apas plates were observed for the last-goowing saprophytes y
2 and 3 days aftor samnline. OCbservations cuployed a steraéscepe with substage
- . . - .) s

1
.

|

and suprastage lighiting. The distincitive hyphae and sporcugia were visible
around or on the lecaf discs, growing slightly faster caaan the higher {fungi.

Subcultures were made with agar cuts at the colony periphicty ©r by removing

0
~
<,
<

X



i

sporangia and sporanpioplores with forceps. The isotation plates were

- " D B T | 3 e . " v . e B LR —~eyyy e B . 40 L B
inspecced ot 10-31 VS 10T DArasilic paycomycetes., Lnae oS SPolafila were
observed mixea wilii the io.phae of the host Dingi. These shyrsomycetes were

subcultured axenicalily by teiansferring ag blocks ¢i the @ix to a water

culture and baiting tie zoospores with stexile crushsd scsame seeds, or by
micromanipuiating a sperzagiuna free from the hosc and platiag it on CMA+
for direct germination ratiier than zoosporuiation.

The majority: ou Ulie obsérvations and measuremonts for descriptions were
made from inocu.aced scesatie seeds dn observation water cuisures 24 hours after

(I . - «

inocuiation ‘la:-_.... aanrarehki azfferancidl Interference contrash I".'iCI'CSC'pr.

.
4
.

An exception was :iv.oanticora spinosa wnica was descrited from CMA plates.

SRR oy 1 - 4 5, A

All hyphal measurcuents were from Cils for P. spinosa und Ciar for the other
species.

[

Attempts to coserve sexuval reproductlon involwed the classical methods

»
1
st

yiocaemical

-
-

of Emerson (1953), Sparizew (1960) and Waterhouse (1L563); and &

stimulation of Brassicr (1971), Reeves and Jacksoa (1972} znd dendzix (1964,

1965, 1970). |
Temperature and salinicy tolerances were tested on 47-man tightly secaled

plastic petri digiies (ilichare Corp.) utilizing Ciik prepared with distiiled

AAC /,

water, 15°/co; 30° /o0 and 45°/e0. The latter wss prepared by the addition

- L4 -4

of artificial seawaicr salts (Tritoan Marine Salts). Pl.ates were incubated

in the dark at 31, 33, 35, 37 and 39 C. Radial growth was measured daily

for one week. All cultures were then tested for viabiiity at oom temperature.

nesults and Discussicn
Random sampling fron a variety of locations incladiay Fiorida, the

Bahamas, the Cavibbean, Malaysia, Vietnam, liawaii and tie Seychelles lias



shown a widespread cccurrence of filamentous puycessCeres (.znle 1). The

results iadicate ¢ e paylomycetes were associatef wath Zreshly faliea

leaves, i.e., thosc that were vellow to yvellow-br aot Wity deaves

picked dircetly fcom ths treces or those that had tega scbmerzed for & con-—

siderable period and had becore dark brown to black. The 24-n: seguential

studies at Andros Island indicated that two species, “hviopathora vesicula

and P. spitiosa, could iInhablit 75-100% of the leaves wichin the Zirst 24 hrs

of leaf submergence and totain this ievel Ior the eatirc S-day rest period.

The results of cxger nts in Fiorida were variable. Gho 1970 study indicated

a 20% infestation at the first sampling, which was afcer 7 ¢ays of submer—

gence, whereas the 1971 Lesting dndiceted a 100% infiectitien by che Phvtophthora

spp., also after 7 days. In all cases the phycomycetes werse rare or not

present: after four weeks of leaf submergence. This saspling program was

not sufficieatly oxicnsive to ascertain th Ravaremrental conditions: that

affect phycomyccre colonization. -
Sampling of cilicr piant materials indicated tial the puycoTycetcs were

not restricted to manproves. Paytophthoras were isclated from decaying leaves

.y -

I.ho

of sea grapes, pine, buttonwood,

- L .- > -
wiil oC bacsta oV

P

~ -
v o
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bl

cCnut 3

p

and salt grass. Phyvtophithoras ay not inhabit &ll plang materials, as we

did not isolate thom irom Sargassum, Syr fnpodium, Salicoraia, Cakile, Philoxerus,

sporobolus or Sesuvium. As this was a limited sampli nrogram, additional

collections are raquivred of thesz and otiter plant matesials to ermine

the substrate range c. these fungi. :
I‘hj.'Lopthor_._; Lesicuia was the wost prevalent species; it was found at

all localies (Table i) on a variety of allechthoncus piant acverials including:

sea grape, Australian pine, buttonwoed, white mangitove, olac
cococnut palm and Distichilis, and the meristem of discaszd

W Lla

-y .

..arOV*z,

aalassia scedlings
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maintained in artiiic_a. taces o dne majority of tie isolztas Goece similar
to the descripticn i aucitastos and Chgrepland; althcusl, @s will pe dis-
cussed in' the descy i xdps Secedlcn of this wepors, scaw wezspelispi ezl dirfer—
ences were obsar .

Be SpiNosa Vor. Saincys IS Snother prevalent specias particulariy in
Florida, tiie Baicias, tihe Caribbean andé the Hawaiian Islands. In addition
to R. manple leaves, 1. stinosa has boen abserved oo octielr allochthonous
matecials such 2 o ChaYa tEnzle Seeddings, and dacaya.ng deaves of 'sea
prape, australicn pire. witite mangrove, cocontt paim ona butlLoawodd. The

species is unigues in toc genus because of the characteriscicalily spiny sporangium

- ; o \

(Figs. 20 & 21). nese spinss arve glongate (x = 20 x 4 ) with a hollow

fur

. . . B e e o e N e ) 3 R ARENAg T i
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variability in' the desreo of spine formation) sporavzia In I8ar cultures
were usually abu t 2dy Whareas iy waber cuigures Lhe Saines were
restricted to ti Eal ek oX were completeliy laching. The prasenceiof
spines on the sporanyinm Jg 2 unigde characteristic within che genus, but
has been reported ancap otusr biflagellated and uniiflaseliates species such
as Pythium spinosur . Arniossora spinosas and Rhizoonydian Reratinophilum
..-.-.--—-——o————— S SR — - - "—‘- - — S~ ——-
1Ty 8 o0 secery Gy . 4 cyresee 1 N=T00)
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tion from the variely shinssa. Isolations of war,. looatd were from Vietnam,
Malaysia and the Sovcenelles, an area that is imhabited o Lihizophora mucronata,
o - l e B 1 4 e =3 :'l'll' ¢ = e | b 'r‘.'!'] O 71 L) [ b P L B O v U f f’l x'ar H
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lobata are spiny; lowever, the basic-difference from the var. £pinosa 1s
the multilcbate charasceristic of the sporangia {(Fig. 25). Yhe sporangia
initiate as a singiz un.t, then develop lateral lobes wiich increase in

size and number un-il a single sporangium rescmbles a bccrrvose group of fused



sporangia. This cenplex still funetions as a siagle sjuranziuh 58 O0aiy one

papilia per sporaupine geveiops.

While P. vesiciioa ant 1. sSpinosa werd the nisst ctuscent spedies an
the decaying mangcove icavas, three cother Phytophichcora =uecics were encountered.

These species, P. baiumensis, £. apis!

-
- i
—— —— e ——— i — —_ o~

differ from other meuders ¢f the genus by the presesnce ¢f cluzged dehiscence

- L B o I w N e~ o o g | g S - . s g el e L . oy i - (N
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cal. " The distal end of the plug exteads sSlightiv bevenit ¢ dehiscence
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tube. At ZOUSDOLL  JTeLlaats e PBLUl 4S5 forces LALLY eTeCieh ang  aonears to
expand to approximately turee times thwe original lengceh. Tiiz plug dissolves

]

within an hour of ejecticn, . mycoparasiticz has a similiar type of plug
(Fig. 12). Within the Jdehiscence tube chere anpears o be some initial dis-

-

solution at ecithies eud of the plug, Lollowesa by ejoccicn o the Temaiuder

of the plug. Aunciliar distirct characteristic of P. myveapmrasitica is the
denticulate sporansium; thae spines are are short (x = 2.3 um) as compiared
to the spines of ¥. upincsa (X = 20 um).

In contrast to . spincsa and P. bahamensis, whica appesar to be saprophytes

on decaying plant matecial, P, nycoparasitica is a Izculiitive parasite of
other- fungi, particularly Pestalotia and Penicilliun. The hyphae of the

parasitized fungi are atiacszea by appressoria, twining <ad nypaal invasion.

P. cpistomium is also a facultative Ifungal parasite; however, the sporangium

is smooth and the dehiscence plug (Fige. 12) is distinct fvom that of the

-—

two other specics. The dehiscence tube is elongate n = 27 uw) pared

to the tubes of P. hahamensic (¥ = 5 pm) and P. nyvcoparasizica (x'= 8 um)
he dehiscence plug of P. cpistomium is elomngate (X = &1 13}, cylindrical

and extencds well bevond the end of the dehiscence tube, There is a
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nternal proliferation.
ces considerable reliance cu sroraagial size as

sporaagia within the genus generaily vange irom
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candrum) was described with sporangia of 81-116 um; however, this species
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proliferates iaceriul:iyv and has a spiay oogonium., 11 Culagun var.
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Ito. In addition to ihe ciifereaces in size cf the szoraagium, cogonium

and oospore wali, cthe sporangiuna of 2. plefoticuiz procuces ayphae rather
than zoospores, :. ilinun sporangia are globose to subzlotbose,; while Po

147

trﬂudulTliT". produces chiamydespores aad has gicboss to subplobose sporangia.

The sexual structures of [, arandisporangium are similary to P, iwayamai
Ito in that chey are yecliouish im color ana plerotic, and that the antheridia
are never hypogyuous. L. lwavamail differs by terminal or iantercaiary oogonia,

the presence oi chilamvicspores and smziler, generally spherical, sporangia.

Fhytophthora bakaucisis spon.

-— - -~ -

llyphae — brancho:d, swooth-walled, 1~3 pm, £ = 2.2 .m alamncier; dsvelops
lunate or umbonate septa with agey vacuoles and oil drep.cis are presant.
The colony is rosclic in appeartance, superimposed wici coacentric growth
rings in some isclates.
on CHMA+, 1.5-1.9 mw/day an Gili,

Sporangiophores — indistinet from vegetative hyphae, intra~ or eixtra—

matrical, simple; preliiferation or branching is Tare. Length up to 1 mm;

width 1=56 im, x = 3.4 a.
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hyaiine to subhyaline, thia=walled, s.ooth, terminal, non-
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llec¢ with
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deciduous; pricr to zoospore differeatiation the sporangiu gre £

prominent- irreguiar vacuoles. The sporangium is scparcice from the



sporangiopiore by a hiyailne plug or septum which is varliaudc ~a diamater,
thickness, shape ace logatien. Usually the pluzs sre @ T Zwice the thick-
ness. of the cell walls apd afe at toe base of the sporzayiun, elriough tiey
may: protrude into Lie sporangium, The shape of tiie sSporacziva is highly
variable. In sore isclates (Fig. i) the sporangia ove sursiform, single
to multilobed (26-219 x 1%-43 im, X = 61 x 23 pm), “;L;“ Wit OnNE OY irore
septate or aseptata sctifornm appendages, up to 102 pm lcng. There is one
dehiscence tube, ¢ven in th2 multilobed sporangia, wihich is distal or lateral
to, the long axis ol tie sporangiuvm.  Other isolates (Figs 2) have cobpyriform
to obclavate sporanuzia (35-97 x 146-31 umy; 5= 63 x 23 am) that lack appendages
and have the dehiscence tubce at the tapered distal end . the sporangium.
Zoospores are relsaced tirough a shert (3-7 pm, X = 3.1 o) plugeed dehiscence
tube. The dehiscence pluy is hyaline, gelatincus, nearliy cyiindrical and
fills the dehiscence tube. The dehiscence Lube and plug [orog dizing =sarly
stages of sporanglal development. In the dulcial scages thac »lug ds smdif—
ferentiated (Fip. 3), but lcter becomes distinct from che procopiasn (Fig.
4). A split devciops distaily {Fig..S) and the cuter wall of che tip ruptures
as the plug beconics eutended (fig. 6). At this scant the protoplase. contains
numercus vacuoles asnd the protruded end of the piug iu ragned iam appearance
(Fig. 7). Prior toc zoospore release, the vacuclas disanp :0r sad the protoplasm
cleaves into zoospores. A small mass of semisolid naceriayi scparates the
zoospores from tiwe dehiscence plug. This plug is fovced oul of the dehisceince
tube at zoospore rclease (Fig. 8). The plug approximacely iriples in length
after relcase and somectimes has a ba d appeazance; it Lhen dissolves in
less than one hour.

Zoospores - veniiorm, laterally biflagellate, dou.ccex 1-6 um, X =
2.6 um when encysted, germination usually by one gern tuoe, occasionally 2-}.



Sexual repreduction — nob observed.

Sakinity tolcrances, — (At 3%, C) rrowikh in' disciile cLes uediz, weaks
optimal growth varicd with isolate; 15-45 “/5e3 arox=n iguest salinity
tested ( Slee) strons or weak. ;

Temperature tolevances — (az 15 ?/foo) growth az 33'C, positive: at
35 C, weak.

Balt dish stwii:>s — sesame seeds &nd asar bleécks arve rz2adily colonized,
with abundaant sporangial formatica.

tlabitat - iszclates w :oriected from yellow leaves of knilzophora
mangle submerged in seawater ab Conception Island,: Ezaznds, October 1972,
Another isolate was clsecves on yellow R. mangle leaves irom CGrand Cayman,
April 1974.

Type cuiture - a bursiforn culture isolated from h. mangle leaves
submerged in seawater at Coneception Island, Bakamas, Octctar 1972, was
selected as tne type and cepositeid et ATCC Mo, 2825835, ALl asposited, ATCC
No. 28297, was an ohpyriicrm to obclavate cultuce collecred at Conce :pt:ion
Island.

P. babamensis is distimct in the geuus by the presecnce of smooth-walled,

-variahlc—shapcd spocangia with a short congenital deliiscence tube and a
cylindrical evanesccent dehiiscence plug.
Phytophthora epistomium sp.ni. ‘

lyphae - in axenic culture the growth is slow (0.8 nmyday on CMA+, 0.7
mm/day on CHA), hypihac ave irregular, smootih-walled, 2-%4 uiE, =31 pm in
diameter, infrequently scptate with age; frequently branch aund form inter-
calary sclerotia When mixed with a fungus (Pestalotd ¥ Lum and Amero-—
sporvium) that I'. cpistomium is capable .of parasitiziug, cha ayphee grow

e
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considerably faster and ace less branched. The lLivshae Sac parasitized
fungi are attacked by twining and appressorial formatic Tl AG

Sporangioplhicres = extranatrica) on natural subscrztées, intrexatricel
on agars simple, up te 3 nm long. Width is 2=9 n;, X = 4.4 um at che lower
portion, often randomly develeopiung wmany fine, hair-like braaches along the
entire length. Adjacent to the sporangium, the sporangiophora may widen
to 19 im (X = g Y aud become thick-wallec (to 3 m). ZProiiferation is
rare. The sporangium is scparated I[rom the sporangiopliore by a thick, hyaline,
false-pediceliate nlug (Fig. 10). When the sporangiorhore walis are thiek,
they often constrict at a point below the subspcrangia iug to form a sec-

ondary pluz (Fig.

Sporangia = hyaline

to obpyriforiz (43-]
(10-51 x 9-10 jm, =
cence plug (Fig. i1
may be thick necavr thc
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i'he dehiscence tube (Fig. 12) is stiraight, bulges

then constrictks sharply, app

: ared skirt., The wails of the dshisceiice tube
radually become thin at the distal ead. The
cylindrical (14-90 x 9-10 pm, x = 41.0 = 9.7 um) and
indentation where it was grinped by the end of the

tabe and is convex;
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or cucullate. A small geolacinous mass separates

ha dehiscence pluge. Zoospores may or w.y not be visibly
Zcospores are released by forceful ejection of the

dehiscenace tube (Fig. 13). plug is followed



by the gelatinous nass, wiiich rapidly svanesces or is suzut away. The base

of the plug becomes distin:=tly cuiullace-bullata. Sporassziz aad dzshiscence
plugs are persistent for at l=ast several days (Fiz. 143, The dehdscence
tube and plug are ceispicuous isaiyres ducing oooly 3tozes of sporangial
developnient.

Zoospores = reaiforn Lo irregular, lateraldy piilasellate.  IEncysted

zoospores are /-9 um, x = 6.1 un diameter, one germinaticn tube is produced.
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formed.

labitat = rarely obsorved; first isolated ifvon an uaidentified leaf,

Bear Cut, Miami, Florida, Harch 1970; several isolatas were iound on subnerged

decaving BRhizophora mangie leaves at Matheson Namimocl, &damil, April 19725

Key Biscayne, Florida; July 1975; Puntarenas, Costa Kiza, August 19735 and
from a submerge:d, decaying leaf ol Hymenocallils lacifo! i at Jonathan Dickinson
Park, Jupiter, Florida, May 1973. Other fungi isolated with ¥, epistomiun

included Pestaloti:. Fusarium and Amerosporium,

- ~g - - .=

. 1 e | - #a Y oo g N Pyl - . = Y e - s £ - -
Typo cultuve = dsolated at Bear Cur, Miami, Florida fron an unideantified

leaf, March 1970. Uepocited. at ATCC Ho, 26293.

The distinctive feature of P, epistoniium is & congendiial dehiscence
tube with a persistient cylindrical dehiscence piug.



Phytophthora mveoparasicica ispen.

Hyphae = variable; slow growth (v 0.26 mmfday) in ansaic cultuare; braanch
frecquently, i¥reguiay, 2-% jm, X = 3.9 in o diareter D sAYasiEN s cplture,
-the hyphee of 2. mveghacasiticad grow faster apc are more spursely brscched.
Hyphae are smootin-wallied snd daveiop aunerous umbonacs oy lundte scpta with
age. Hyphae of parasitized fupngi zre attacked by appressovia, twining and
sometimes hvphal invasion {(Fig. 135). -

Sporangiophiore — intvrasatrical on agar, extranatrical 1. water caltures
on sesane seads onr agar blocws, Spw;.".;;1.:;'_"_1\:.‘3_, are sSinple, (3-3 um; %
= 5.4 pm wide, rarcly proliifercte, are often nultisepcate.: The sporangium
is separated from the sperangicphore by a thickened avaliine plug or saptu
which may or may not protrude into tiie sporangiuii.

Sporangia = hyaline to subhyaline {26=131 =x 14-131 pn, X = 82 x 51 pm),
nondeciduous, terminal Lnapilorm wicih @ shore b= 2% ), tapering denis-—-
cence tube (Fig. 16). ‘The surface is denticulate, the spines (G-4 uny x :
= 2.5 um din Yenmth; are ciustered in -J;T-.call_,_';;':‘c,'-..,_..: prcass with tue spines
angled towards tiie ceater of che group (fiz. 17). Ssorangial walls fairly
thick, especially necar the base of the dehisce..ze tube. The deaiscence plug
is hyaline, golatineas, cene-shaved (5=15 = 3=10 uxm, = = 9.2 = 7.7 um); the
proximal end 3Is coacave, aud the distal end, wiich exvends kevend the end
of the tube, 1is mucronate. The dehiscence tube anc plun form during early
stages of sporangial development. The dehiscence plup partially dissolves
from botit eads, the rozaeinder is forced out of tieé ucck to rclease the zoo-
spores. The plug has not been observed aiter ejection #id protably cvancesces
rapidly. Sporangia have been observed on G+, on scsura sceds in water
cultures and in parasitic agar plate culture.

Zoospores — renifornn, laterally biflagellate wich epproximately equal
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in diameter. The sporangium i1s separated from the spescagiophore oy a
hyaline piug or sentum (3—17 o, X ='0,5 um ia leziath} thac is fosote
slightly below the =porxangivm im a false pedicesl. The subgperan2ial alug
begins forming as a vencuri-shaped constriction in the snorangiophore (Figs.
18 5‘ 19).

Sporangia — hyaline to subhyaline,; thick-walled; entircly, partially

or nion—-aculeolate

20 & 21), 6C-1G7 % = 80 vm in diameter, distoil wipapilaace, rpapilia
inconspicuous. Sporangial size and degree of spine cocverzge appecr to be
nutritionally dctermined. SdSpourangia formed on ¢ tich substrate tend to be
large and fully spined, whiie those formed on poorer sudstraiis are smallex
and have fewer proximal spines or no spines at ail. <Sa C4, sporangia develop
in 24-48 Lovrs, suitierged and on the surface. Spines (Fie. 22) (12-29 x

4=6 um, xo= 200x 4.3 va) ave often hollow agar bic-bazo and partially filled
with sporangial prciorl , which is granular, often with irregular vacuoles.
Zoospore relcecuase is throupl the rormation 0f a perssiuvcent, thin-walled, short

vesicle focnation is absent.

Dehiscence tube forracisn hogins and is completed just Lelore tihie zcospores

are cleaved. This fomuatica appears c©o be hyavolrojuic; LI no water covers
S L HP 4 - - i -

the papilla the tubc will elongate in tue difection cuvar for distances

evanescence of the
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Sexual rosranesias = a0k observads
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optimall grovtn, 15-50 "/, .3 gvcwch at highest Salinity tested (43 °/..),

positive.

Tempetdtuye tolerasges = (8t 15 57 oy erowkl at 37 G, positiva; at
39 C, weak.
Bait dish stucics - weal: colonization of secsame secis, cellopnhane coated
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lHabitat S SAX A var., SpInosa was first isolated larch 3969 Lrom
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a Rhizcphora manple Jeaf that had been submerged in secawater (Biscayne Bay,
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all R. mangle leaves are colonized during the first two weeks of subnmergence,
often in less tuan 24 hours. This spescics was not cuserv/ed onn Seaescent

leaves still on tiae trec, and was rarely isclzted from leaves thac had decayed

for three or nore woeks. - Lgolations were also made from R. maungle lecaves

. > =~ -

K 1 -y i s -t =~ e o > - % e e e o g e o { =, .
collected at Severa: lacations on Lhe east and west ecpasis 0f £10210as in

the Bahamas at tien-0-ilar Cay (Abaco), Concepiicn Islanc and asadros Island;

. ¥ s e o A sl M i PO TR A e S W o el W W S 25
in the Caribbean at CGonavaes island (Haitil), Coionbia, Crasd Cavnman, the
Metherlands Antiijes and Trinidadj in che Hawalilan Isiands at Kaneohe Bay,

Oahu and Kona, Hawaii. Other substrates include R. manale seedlings, and

leaves of sca grape, Australian pine, white mangcove. cocontt palwm and button—

wood., Suiistrates on whiich P. spinssa Var. shinosa was nobt observed include
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| Ry P L B SR Sorein 17 We anc Dinlanche sac and Shore 1la:
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Sesuvium; axenontis . Philoxerus; o9akicoyYnia,; Julltus ana Laxiue.
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Type culture = isclate from Rhizopuova wiaple scal iduna subierged
- -~ —— e e

- i - A rn

in seawater at Pear Cut, Miawi, Florida, January 19%72. Deposited at ATCC

No. 28294.



P. spinosa differs from other members of the geaus by the viesence

of a spiny sporangiun with & thin-wallcd, hycérotrophic dehiscenc *

nain,

.
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the Seycheldles and linlaysia; and has the hasic charzacteristics of the

variety spinosa witii the following exceptions

l.

Growth rate of tuie hiyphae is cousiderably faster, %.5-0.0 mw/day on CMA,
depending on isalate. !

The sporangium (Iigs. 24 & 25) ivitially-is :b4y:;;J:m, stcoing auriculate,
then continuousiy develops lateral lobes until a siag.e sporangium

resembles a botryvose groun of fused sporan:

3 ¢ g gia.

- - . - - ’ - - - r - - - - - - - -
. - - cren v 10 il i J= v ; - 44 = i e : 54 7 . -~ i
The sporangium is unipavililate (Figs. &6 & 25). The papilia is iacon-
3 el g X -4 o e LR v S 4 - = ony - = e - Il o ot -
bplCUOilc 9 .-.1."\.‘1 S a7 " % ] T - ihiin ‘ﬁL td’-'-'\-'- Lot f-::.- LI apdtx 0 Li;c

sporangitii.
Zoospore germination is restricted to cne germ tuue.

Growth in distillecd water medium positive to 32 C: on 45 °/,. medium
erowth Lests werae positive to 37 C.

k) % - — -

llabitat - The varicty was first cbserved fvoum a l.ai oI Rulzcpaora sp.

collected in a wmangrovce swamp, April 1972, near hkuag sat, South Vietnam,

Another isolate was found o a submerged leaf orf Riiizophora sp. {rom a

mangrove swamp near Sunzii Pulah, Selangor, Malaysia, September 1972,

T

Additional jisolates were obtained from Rhizonhoia spe. iccves at Rung Sat,

- .

Decemver 1972 and Februavy 1573, and from Khizophoura sp. lecaves from

the Seychelles, Indian Ocean, aprii 1Y

Sizes — hyphae, diamcter 3-12 um, X = 6.8 um; sporansicnhore, diameter



5-12 1, % = 8.1 jm; subsporangial plug; ‘dength G-I um, R'= 33,2

pm; sporangicl lens=th {plug 'to prpilla) 5075 ;2. = = 07 = and wvidth
56=150 pm, = = 57 un {shen siagle iobed); apicsi cootzusion, width 18-
36 umy. x = 25.8 s spines; Ii=19% 5+5 pm,- X = i34 x. 3.5 1=

encysted zoospore. diameizsr 7=9 un, X = 7.3 ua.

- LR oo e o e L e Wl i L e P oo T gl
1\'1)0":;!.1; IS = LSl Ca oM ......L._\‘:._“xll."l‘. SPs 1 COLAEELE

a April 1972 near

{C

Rung Sat, South Vietnam. ATCC Xa. 28231
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Ih\'LO DilL hora vesicuia HZNASTESLEW ¢ gadrciilana

ine majorily oI oul ocpsarvaltlions agreed with cie original description:
- . was thoe ot S i L R e e e s ey e iR e - .
an Q.\Ceptlon Ve Laa g 4 B LA LU Wi e VRes5AC Lt .-bl.l.ufc-'...-;-:. -;-uw-‘:i'_..‘r;.: Lelluadse, m.astas:l.ou

and Churchland (i863) reported tiiat the vesicle collapscd-and evanesce

; e St e g e e i e g B R T e B S DR > T
The vesicle, in the 1lsclates that we examined, gradually shranx back to the

C

(u

papilla and then disappeared. In addition, we ware not abiec to induce oogonial
oxr antheridial prcodecticn. Tiiore were gonme rorpacicgical variacions among -
certain strains., Aun isolace fyrom Long lsland, Banamas had lens-shaped papillae
(3-9 x l’—“O ums X = 6.2 % 16,8 pm) in ‘contrast to chic narrower papilla of

the typical ' vesieuia (5=-10rx /=05 i, % = o3 X 1000 m).  The growth

rate of this Bahamian isolote was .approximately i mm/fday (radial growth)
on CMA and OMA+, whereas that of P, vesictla was 5 mmfdey.
1 1 =Ty : .

The subsporangial plug of . vesicula was described &s having an apophysis—

like knob on the sporaagial
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porangiophore
side. While the majority of the isolates that we observed are iz agrcecement

2 - . . - -

with the description, isolates [rsm Viectnam and Malaysia diifered by Laving

the knob-lilke proicctions on beth sides oi the »iug. OCiuer septa in the
sporangiophore oitenr have a small knob in the centew. Other acypical P.
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vesicula strains were isolated from R. ma
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Grand Bahama Island. The sporangiophore branching In . vesicula is usually
sympodial; however, im these alypical isolates the branching was piunace.

The succeedinyg branch originated well below the firsg sporaugium znd deveacped
at a right angiec to it, 1he sporangiophore branches were Zusiform, swelling

in the middle to zbout tlirce times tie thickness at the eads (end of the

sporangiophore was 2-3 mm, X = 2,3 jim in dizgmecer; middle wis 56~9 im, X
= 7.9 pm in dizweter). The growkth rate of these scraing ou CMA: was r:‘pi'd,
8 7 nuily/ l.u e
Pythium grandisvorana.um Sp.n.

Hyphae — smoochk, relatively straigab and unvranched, 2-5 um, =3l
pm in diameter, &the wadial Zrowth is fast — up to . J7.5 mu radial grow:h per
day; hyphae deveiop thichkenet lunite septa Wilh agcs

Yo -y o o e . A | e 4= T wy se g oan® . = T P —
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matrical, simple, extersal wroliferatica or branchinl race,; =7 im, X = 3.9

pmoin diameter. Llpternal proliferation ddoes It ocuur,

S v e S e e Sl B BT s Sy T Fete S et L
SDOrun}. L. = SHOUCITwaL LGl , & ...,:l:,'-.l‘..l.'l!.." L0 VeliaoWisa, celindiildiy G4 ton
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with the long axis at nearly zight angles to the eccseowilaat hyphae (Crans—

verse). - The shape [(Tine 27s is isregular bursifois-Ventricoss (S5-124 X 22=74
pm, X = 83.,% % 53.8 Y with o taperding recw (22-1406. pm, ® = 61,8 pm long),
ending in a papiila (9-14 um, x = 10,5 pm in dicpetecr). The ctotal sporangial

length was 91-235 um, » = 147.1 pm. Vesicle (Fig. 25) scssile, produced

either terminnliy or lagvsuizdiy, ovanescent in aposfoximarely o minl. Zeospore
s s TR . = s o : 2 ey e L PR

cleavage begins at 1-I min., aicter wvesicle formatlon, is canpgiele alteds 3=4

min.: zoospore activicy infimstes and cyeatualiy bursts the vesicle, —
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Rl
m, X = 7.5 M when encysied, germinatics usually By coe germ bube, occassion=
ally up to four.

Oagonia = rfotmed dn larpge ousbere on Lo dn 2638 than chres days,
subliyaline, teraminal, smootl, spherical, diamerar 35-L3 n, 3 = um, wall
thin (Fig. 29).

Antheridia — Iormed with the oogeala on CXit in less than thres days,

usually monoclincus, occasionally dicliaous, ¢oae to several that are tightly

adpressed to the oagoniun.

Qospores = single, plertoliic, yeliowish, spliericeal,’ snootix, 29-36 Umy
x = 33.1 un in diamolor surrounded by a'wall 2-=5 g, ol oh “im in ‘thickness
(Fig. 30).

Salinity test - average radial growth rate on G137 a0 is 10.5 mm/day,

on CIA/DW = S.2 wa/aay. Oogonia developed on CL/DW bLuc dic no= mature into

ecospores.

1. ;= - = AN S ] s E T e e ki s U T B L s s = F A - - -
Hablitat — isolialos walre collected fyYonm yarLlow iezves S hhizopnora
i - it ettt S

mangle submerged in ifrcsh water, yeilsw leaves ©f Distichkiliis spicata sub-
merged in 19 ®/ee and 30 “Joo SH and yellow leaves of Cladium jamuicensis
submerged in 10 “/fes S, 2li in a salc-marsh, dwari-nangrove area inland
From Little Cavrd Sound, Flocida, Octosber-=tovember 1977,

Type culbturs = isolata-frca DIscichilis splcatd icaves suonerged in

o s Ay gy o B | T Ml T e L e T R iy et o S S B BT TN
30 %] oo SW dn Ehe above =malt marvsh dn Jovember 1373.. Deposited at ATCC

Mo. 286295.

P prandisnersanum is distiaguisied by large, irrcgutar bursitori-
ventricose sporanpia (91-235 pm) wilh tapering neciks that end ia a papilla,

the size of the sogonia (35-45 um) ang the thickness cf tlhie oospore wall

(2-5 um).



Latin Diagnoses
Phytophthora buaaiicrnsis sp.n.
Sporangiopuora a hwilds non distinctis.  Sporangicgiicra Int
aut extramatricalia. Sporangia éx sporangicphoris sc

hyalino. Sporangia hyaliua, terminaliia, -5

Y -9 Ty o be \ . S - - .
X 28 pym) ad nultilobata appeadicut obturbinata
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TYPUS: ATCC dNo. 252950,
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Phivtopiithora mveoparasitica sp.in.
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Vesicula absens. Zceosparae reniformes (diam
biflagellatae, genninantes tuto germinali si
Habitatio: fungus marinus sunzergus, sarasi
Pestalotia et Pexicitiinm. 12235  EC0 No.

Phytophthara spiacsa sSp.n. var. Sninosa Var.

RO

Sporangiophora hyphis a

aut extramstricalia, STy

: :
Sporangia ex sporangiophores sejuncta
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1011__.__... IO Vab tadbilhlsS e

centi ad apicem tubi dehiiscentis. Zocsihorae
- TR o : oy

meter x = 8 um), laceraliter pitlageliatae,

1=2.  Sexus non co¢bscrvatus.  NHabitatic: &un

putrescentibus. TYFUS: ATCC lo. 28294,

Phytophtihora spiuoe

Sporangia obpyritcraia,

28291.

Pvthium grandisporangium sy

Sporangiophora a hyphis non

aut extramatricalia, sin

‘511-'._.'1 ria

flora, prolifera interna non pracsentia.

flava, terminalia, irreguiavia

collum contractum (longitude X = €2 n) papil

11 9m). Vesicula
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intranatyricalis

"(diameter x = 8 um).

—

(latitudo x =6

1.

ovatz {diameter
Tubus Gehiscens ampulli-

evanes-

1. o el = B

licaCO

(dia-

lallactbves: CUbLS ,_;C‘.l.'l‘.x..gu.us
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raupgiophora intramatricalia

externa rari-

{(c¢iameter X

zoosporae reniformes,



lateraliter biflageilccae (dismorer = = 7 um) germinantes tubes gérminalus
1-4. Oogonia subhvalina, laevia, sphasrica (diamecer = = 41 um). Aatheridia
monoclina aut diciina, wium ad pleuric. Cosporze singulares, plarotigae,
flavae, sSphaercicae {diameter X = 33 p&). Cr-sssiries paciis oosSuoTae X
= 4 pme Habitatio: plantae putrescentes palude saline. TYPUS: ATCC No.
28295.
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