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Abstract

Only 4 basidiomycetes are found among the 500 marine fungi known today. The marine basidiomycete
Halocyphina villosa grows submerged on roots and wood of mangroves in brackish water of tropical/
subtropical mangrove swamps. So far only material from the natural habitat of Halocyphina villosa has been
investigated, mainly for morphological and systematic purposes. In vitro dependence of growth, basidiocarp-
and enzyme-production on different factors, such as temperature (11— 35 °C), salinity (0—200% natural
seawater), pH (5—9) and composition of the medium are investigated in this paper.

Optimum colony growth was found at 27 °C, 25— 75% natural seawater and pH 6 —7. The composition of
the medium was less important. Cyphellaceous basidiocarps were produced in vitro only between 22 —27 °C,
25—100% natural seawater and pH 6 — 7. The addition of pieces of wood (various mangroves, also Betula)
and/or of peptone as nitrogen source was required. Three types of basidiocarps were observed: funnel-shaped
single basidiocarps, circular from above (type A); funnel-shaped single basidiocarps, laterally compressed
(type B); composite basidiocarps (type C). The morphology of the type A basidiocarps is identical with those
from the natural habitat. Only type A basidiocarps produced spores and were reported from the natural
habitat also. Qualitative investigation of the production of 14 important and characteristic, predominantly
extracellular enzymes revealed that H. villosa forms laccase, peroxidase, cellulase and pectinase (wood
degradation), amylase and laminarinase (use of plant carbohydrates), lipase (reserve fats) and nitrate reductase
(use of seawater nitrate, characteristic of marine fungi). The results are largely to be anticipated for fungi
growing on woody substrates. The above in vitro findings lead to the conclusion that Halocyphina villosa
in growth, fructification and enzyme composition is well adapted to its natural habitat.

Int ti . . .
ntroduction By now about 500 marine fungi have been described,

While terrestrial fungi have been known for a long
time and are therefore thoroughly investigated, the
first marine fungi were not discovered and described
until the middle of the 19th century (see: Kohlmeyer
and Kohlmeyer 1979). Marine mycology, the science
dealing with marine fungi, began in the middle of
this century with papers such as the one by Barghoorn
and Linder (1944) on wood-destroying marine fungi.

! Paper presented at the 4th International Marine Mycology
Symposium, Portsmouth, 1985.
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that is ‘fungi, that can grow and sporulate in a marine
habitat’ (Kohlmeyer 1974). Only 4 marine basidiomy-
cetes are known, two of which, Halocyphina villosa
Kohlm. et Kohlm. and Digitatispora marina Doguet,
belong to the Aphyllophorales.

H. villosa was first described by Kohlmeyer and
Kohlmeyer in 1965 and classified as a fungus imper-
fectus. In a reinvestigation of Kohlmeyer’s original
material from the natural habitat, Ginns and Malloch
(1977) were able to show clamp-connections, basidia
with sterigmata and basidiospores. H. villosa there-
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fore belongs to the basidiomycetes. This fungus pro-
duces basidiocarps up to 0.5 mm in diameter, among
the largest basidiocarps found in marine fungi. By
virtue of its cyphellaceous basidiocarps, it is placed
in the order Aphyllophorales.

H. villosa has been collected in the Atlantic and
Pacific Oceans, America, Africa and Sri L.anka, where
it is mostly found growing on wood in brackish water
of tropical and subtropical mangrove swamps. It
therefore seems to be restricted to a quite specific
habitat (Kohlmeyer and Kohlmeyer 1964 — 1969,
1977, 1979, Ginns and Malloch 1977, Koch 1982).

Up till now investigations on H. villosa have dealt
mainly with morphology and systematics using mate-
rial from the natural habitat (Kohlmeyer and
Kohlmeyer 1965, Ginns and Malloch 1977). In addi-
tion, Kupka ez al. (1981) isolated a culture of H.
villosa and showed its ability to produce the antibiotic
siccayne. In vitro investigations on colony growth,
fructification and physiological parameters such as
enzyme activities have not been conducted so far.
Data on these parameters in particular, however, can
provide information on the living conditions of H.
villosa and its adaptation to a special habitat and are
therefore the object of this paper.

Material and Methods
Organism

A strain of Halocyphina villosa was kindly supplied
by T. Anke and J. Kupka (Abt. Biotechnologie, Uni-
versitdt, Kaiserslautern, GFR). The material was col-
lected by F. Oberwinkler from a Columbian
mangrove swamp. The culture was isolated and iden-
tified by Kupka er al. (1981). Stock cultures were
grown on ‘Moser b’-medium (Moser 1959) or
cornmeal-agar at 22 "C (Esser 1974), stored at 6 "C
and transferred at intervals of 3 months.

Media

Basic media: The quantities of the substances given
below are calculated for 1000 ml water. pH was
adjusted with HCl/NaOH before autoclaving (20 min,
121 °C, 1 bar). Cultures were grown in petri-dishes
(diameter 9 mm), unless otherwise specified. GPY-
medium: Glucose 1 g; peptone 0.5 g; yeast extract
0.1 g; agar 16 g; pH 6.0. PYC-medium: Peptone 0.5 g;
yeast extract 0.1 g; Avicel 5 g; agar 16 g; pH 6.0. GYS-
medium: Glucose 1 g; soluble starch 5 g; yeast extract
0.1 g; K;SO,4 1 g; MgSO, x TH,0 0.5 g; agar 16 g;
pH 7.4. F 1003 (Sguros et al. 1962): Glucose 5 g; yeast

extract 1 g; NH4NO; 2.4 g; MgSO, x 7H,O 2.4 g;
Tris(hydroxymethyl)aminomethane 1.2 g, pH 7.5.
Water agar: Agar 16 g.

Salinity: The seawater used (Helgoland, position ‘Na-
thurn’, salinity 30.0 + 2.0%. was diluted with deion-
ized water to concentrations of 75, 50 and 25% natu-
ral seawater, respectively. Water of a concentration
of 200% natural seawater was prepared by evapor-
ation of seawater down to half the original volume
in a rotary vacuum evaporator.

pH: pH (5, 6, 7, 8, 9) was adjusted before autoclaving
with HCI/NaOH. For the experiments on growth
in GPY-medium the pH was also determined after
autoclaving and then after 5 weeks of incubation
using a surface electrode.

Addition of wood for fructification: Pieces of wood
(length 2 cm, 3 or 4 per plate) or ground wood (0.5 g
dry weight per plate) of the following species were
added to the basic media: Betula spp. (birch applica-
tor sticks); Conocarpus erecta L. (buttonwood); Rhi-
zophora mangle L: (red mangrove); Rh. racemosa
Meyer; Tamarix pentandra Pall. (five-stamen tama-
risk).

Media and reagents for enzyme tests: Enzyme tests,
composition of media, type of reaction and reaction
time are described in detail by Molitoris and Schau-
mann (1986). The following enzyme activities are
tested: Redox-metabolism: laccase, tyrosinase, perox-
idase; nitrogen-metabolism: caseinase, gelatinase, ni-
trate reductase; fat-metabolism: lipase; carbohydrate-
metabolism: amylase, cellulase, polygalacturonase,
pectate transeliminase, chitinase, alginase, laminari-
nase.

Incubation

The petri-dishes and test-tubes were incubated at
temperatures of 11 °C, 14.5°C, 22°C, 27°C, 31°C
and 35 °C in incubators or incubation chambers with
constant light and humidity during the whole incuba-
tion period.

Growth and fructification

Growth for each combination of factors was deter-
mined after 3, 7, 10, 14, 17, 21 and 28 days of
incubation by measuring colony diameter on 3 repli-
cate plates and calculating the mean value. Formation
and morphology of basidiocarps were checked and
documented at weekly intervals over a period of 16
weeks; the following methods were used:

Light microscopy: Axiomat NDC, Zeiss, Oberkochen.
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Scanning electron microscopy: Fixation in 70% eth-
anol, 4% formaldehyde or buffered osmium tetrox-
ide; dehydration in steps with increasing ethanol con-
centration; transfer into acetone; critical-point-drying
with liquid CO, (CPA-II, Technics, Alexandria, Va.,
USA); sputtering with gold in a Hummer II Sputter
(Technics, Alexandria, Va., USA); microscopy with
Cambridge Stereoscan S4-10 at a voltage of 10 KV.

Results
Colony growth

In order to characterize vegetative growth, colony
growth was measured as an increase in diameter of
the colony depending on the factors as shown in
Table I.

Temperature: Of all factors investigated, temperature
had the strongest influence on growth of H. villosa.
Figure 1 shows the results. The following conclusions
can be drawn:

Table I. Factors tested for effect on colonial growth of H.
villosa

Temperature ( °C) 11, 14.5, 22, 27, 31, 35

% seawater 0, 25, 50, 75, 100, 200

pH of medium!) 5 (5.8), 6 (6.4), 7 (6.9), 8 (7.0), 9 (7.0)

Medium?) GPY (glucose, peptone, yeast extract)
GYS (glucose, yeast extract, soluble starch)

) pH of medium before autoclaving (after autoclaving)
2) see material and methods
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Fig. 1. Optimum temperature for colony growth of Halocyphina
villosa at different salinities of medium GPY; pH 7.0; 21 days
incubation. Each value represents the mean of the measurement
of 3 parallel plates with the seawater concentration given below.
seawater o—o0 0% A=A 25% e—e 50%
concentration: x—x 75% o—o 100% w=m—m 200%

Botanica Marina / Vol. XXIX / 1986 / Fasc. 6

1) In the experimental range of temperatures from
11 °C to 35 °C, the fungus was able to grow only
between 22 °C and 35°C; at 11 °C and 14.5°C
there was no growth.

2) Growth rate was best at 27 °C.

3) At 35 °C the colony grew only for a limited time.

Salinity: The salinity of seawater represents the most
striking difference between the marine and the limnic-
terrestrial environment. In order to show the salt-
tolerance of vegetative growth of the brackish water
fungus H. villosa, growth measurements were carried
out at seawater concentrations of 0%, 25%, 50%,
75%, 100% and 200% at temperatures of 11 °C,
14.5 °C, 22 °C, 27 °C, 31 °C and 35 °C. From Figure
1 the following conclusions can be drawn:

1) In principle, growth of this fungus is possible at
each of the salinities tested.

2) The optimum range of growth is between 25 and
100% seawater; at 0 and 200% seawater colony
growth is slower.

3) No differences in colony growth between different
salinities were observed at 35 °C, where growth
was very slow.

pH of medium: The pH-values of 5, 6, 7, 8 and 9, as
adjusted and measured before autoclaving, were
again measured after autoclaving, after inoculation
and after 5 weeks of incubation. The following results
were obtained:

1) No pH-values above 7.0 were observed (see Table
II).

2) In all cases (different initial pH, different salinity
and temperature), the resulting pH-values after 5
weeks of growth were found to be around 8.

3) Within the limits tested, pH-values had only slight
influence on colony growth.

Composition of medium: No difference in growth was
found with the two semi-synthetic media, GPY and
GYS.

Basidiocarps

Formation of basidiocarps: According to Kohlmeyer’s
definition (1974), one of the characteristics of marine
fungi is the ability to fructify and propagate in the
marine environment. As shown in Table II, in vitro
tests on the influence on fructification of factors
such as type of medium, additions to the medium,
temperature, salinity and pH were conducted. It was
tested

1) whether basidiocarps were formed,
2) under which conditions basidiocarp formation oc-
curred,
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3) after what time fructification was found and
4) whether basidiospores were produced.

As is evident from Table II in comparison with Table
III and the observations on colony growth, condi-
tions enabling fructification are more specific than
for vegetative growth.

The following points are important:

1) It could be shown that basidiocarp formation oc-
curs also in vitro. So far all basidiocarps investi-
gated had been collected from natural habitats
(Kohlmeyer and Kohlmeyer 1964 —1969, 1977,
Ginns and Malloch 1977).

2) Fructification is restricted to temperatures be-
tween 22 °C and 27 °C, whereas growth occurs
between 22 °C and 31 °C (35 °C).

3) At 0 and 200% seawater no basidiocarps were
formed; vegetative growth, however, occurred.

4) The pH-value of the medium in the range tested
had no apparent influence on basidiocarp forma-
tion.

5) The composition of the media, however, seems to
have decisive influence on basidiocarp formation:
Basidiocarps were found only on media containing
peptone and/or additions of wood.

6) Basidiocarps with basidiospores could be found
only on plates with full strength seawater and the
addition of wood (Betula). Basidiocarps producing
basidiospores were formed faster than basidio-
carps without basidiospores (5 weeks in compari-
son to 6 up to 8§ weeks).

Table II. Effect of several factors on basidiocarp formation of H. villosa

Factors varied

Basidiocarp and basidiospore production under respective conditions

Types of Media used') F 1003 GYS PYC GPY GPY GPY + Agar +
liquid liquid wood wood
(6) (6) (®) (59) (®)
GPY + types of wood  Rhizophora Tamarix Betula
(pieces) racemosa pentandra spp. (5S)
GPY + types of wood  Rhizophora Rhizophora Tamarix Conocarpus
(ground) mangle racemosa pentandra erecta
@) @) @) @)

Temperature ( °C) 11 14.5 22 (59) 27(5S) 31 35
% Seawater 0 25 (8) 50 (8) 75 (8) 100(5S) 200
pH of medium?) 5.8(8) 6.4 (8) 7.0(59)
() Number in parentheses represents weeks lapsed until fructification
(S) Basidiocarps with basidiospores
) For abbreviations and composition of media see material and methods
2) Measured after autoclaving
Table III. Formation and types of basidiocarps of Halocyphina villosa
Natural habitat In vitro

Type A Type B Type C
Conditions mangrove swamps all conditions allowing only on GPY with only on GPY with

fructification Betula wood 50—100% seawater
Morphology single basidiocarp single basiodiocarp composite basidiocarp

funnel-shaped

circular from above
interwoven hairs cover-
ing hymenium

stalked basidiocarp
diameter 0.5 mm

of basidiocarp

funnel-shaped

laterally compressed
interwoven hairs cover-
ing hymenium

stalked basidiocarp
diameter 0.5 mm

funnel-shaped

as type A and/or B
interwoven hairs cover-
ing hymenium

stalked basidiocarp
diameter 1.0 mm

Basidia produced produced

produced produced

Spores produced produced

not produced not produced
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Basidiocarp morphology: As mentioned above, all ba-
sidiocarps of H. villosa described so far in the litera-
ture were collected from the natural habitat. They all
belong to the same type: single structured, funnel-
shaped and with a stalk. Wavy, hair-like hyphae grow
towards the centre from the circular margin of the
funnel, which is lined with hymenium. The inter-
woven hair-like hyphae cover the hymenium and pro-
tect it (Ginns and Malloch 1977). In vitro 3 types of
basidiocarps, types A, B and C, were found.

Figs 2—5

Type A basidiocarp (Fig. 2): Stalked, funnel-shaped
single structured, circular when viewed from above.
The funnel has an inside layer of hymenium. The
hairs covering the hymenium appear to be arranged
in concentric zones. Only basidiocarps of type A
produce basidiospores, which are formed in the hy-
menium below the hairs and can also be found be-
tween those hairs in the centre of the basidiocarp (see
Kohlmeyer and Kohlmeyer 1977, fig. 4). The in vitro
basidiocarp type A has the same dimensions as basidi-

T A

1868 ZROO

8818

Fig. 2. Type A basidiocarp of H. villosa produced in vitro. GPY-medium with Betula wood; 100% seawater, pH 7.0, temperature
22 °C; SEM, fixation with osmium; bar = 50 p. Fig. 3. Type B basidiocarp of H. villosa produced in vitro. GPY-medium with

Betula wood; 100% seawater, pH 7.0, temperature 22 °C; SEM, fixation with formaldehyde; bar =

100 p. Fig. 4. Type C

basidiocarp of H. villosa produced in vitro. GPY-medium, 50% seawater, pH 9.0, temperature 27 °C; SEM, fixation with
formaldehyde; bar = 50 p. Fig. 5. Hypha with clamp-connection above the hymenium of a type A basidiocarp of H. villosa.
GPY-medium with Betula wood; 100% seawater, pH 7.0, temperature 22 °C; SEM, fixation with formaldehyde; bar = 2 p.

Botanica Marina / Vol. XXIX / 1986 / Fasc. 6
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ocarps from the natural habitat. This applies also to
the form and dimensions of basidia and basidiospo-
res.

Type B basidiocarp (Fig. 3): Stalked, funnel-shaped
single structure. The basidiocarp appears to be lat-
erally compressed, almost no zonation is apparent in
the hairs originating from the rim of the funnel and
converging in the centre forming a distinct central
slit. The basidiocarp viewed from above has a coffee-
bean-like appearance. These basidiocarps exclusively
were found on GPY-medium with wood (Betula) and
did not form basidiospores.

Type C basidiocarp (Fig. 4): Several (up to 8) stalked,
funnel-shaped basidiocarps of type A and B arise
from a common basis. These basidiocarps are pro-
duced on GPY-medium with seawater concentrations
from 50% to 100%. Basidiospore formation was not
observed.

Basidiocarps of type B and C have not been described
so far in material from the natural habitat. Table III
shows the conditions allowing basidiocarp formation
in nature and leading to in vitro production of basidio-
carps type A, B and C. Morphology of basidiocarps
and production of basidia and basidiospores is given
as well.

Fine structure of basidiocarp: Clamp-connections indi-
cating dicaryotic mycelium as a prerequisite for basi-
diocarp formation were found in the mycelium as
well as in the basidiocarps. Figure 5 shows a hypha
with a clamp-connection lying across the central hy-
menium of the basidiocarp.

Most basidiocarps (e.g. all those of type B and C)
produced only simple basidia without sterigmata and
basidiospores. Figure 6 shows some basidia with
sterigmata and basidiospores from the hymenium of
a type A basidiocarp (light microscopy).

Enzymes

Data on the enzymatic potential of H. villosa yield
information on the ability of this fungus to degrade
certain substrates specific to its natural habitat in a
tropical/subtropical mangrove swamp. Production of
a series of enzymes was tested using simple qualitative
and semiquantitative tests on agar plates. Table IV
shows the result of the enzyme tests carried out over
a period of at least 4 weeks.

Among the redox-enzymes tested, H. villosa produced
laccase and peroxidase. Tyrosinase was not found
during the test period under the conditions employed.

Table IV. Enzyme production of Halocyphina villosa and influ-
ence of salinity of medium. Temperature 22 °C.

Enzyme % Seawater
100% 0%
Redox-Metabolism
Laccase + =
Tyrosinase = =
Peroxidase + &
Nitrogen-Metabolism
Caseinase e i
Gelatinase + +
Nitrate reductase + +
Fat-Metabolism
Lipase + =
Carbohydrate-Metabolism
Amylase + =
Cellulase g o5
Polygalacturonase — 1
Pectate transeliminase - &
Chitinase - -
Alginase u -
Laminarinase 3 5

+ Activity within 3 weeks

— no activity

1 activity after 3 weeks

u activity uncertain or not constant

For media and pH-values see material and methods

Fig. 6. Hymenium of a type A basidiocarp of Halocyphina villosa with basidia, sterigmata and basidiospores. GPY-medium with
Betula wood; 100% seawater, pH 7.0, temperature 22 °C; light microscopy, phase contrast; bar = 50 p.

Botanica Marina / Vol. XXIX / 1986 / Fasc. 6



Rohrmann and Molitoris: Adaptations of the cyphellaceous fungus Halocyphina villosa to its marine habitat

545

Nitrate reductase and the proteases gelatinase and
caseinase, enzymes of the nitrogen-metabolism, were
produced on media of 0% and 100% seawater.

As representative for the fat-metabolism, lipase was
found to be produced at 100% seawater.

Enzymes representing carbohydrate-metabolism in
this fungus were amylase, cellulase, polygalacturon-
ase (late enzyme formation), pectate-transeliminase
and laminarinase. Although H. villosa must be con-
sidered as a marine fungus, it was observed that in
media with 0% seawater enzyme formation in some
cases was faster (laccase on guaiacol, laminarinase),
and that in other cases (caseinase, nitrate reductase,
amylase) enzyme activity was stronger than in seawa-
ter media.

The only enzymes that were produced neither in
seawater nor in deionized water medium under our
experimental conditions were tyrosinase, polygalactu-
ronase (activity only after 3 weeks), chitinase and
alginase (uncertain or very weak activity).

Discussion
Colony growth

The mangrove is a characteristic marine coastal plant
society. It appears as brackish water (estuary) and
coastal mangrove and is restricted to tropical/sub-
tropical areas. Woody representatives of the
mangrove are species of Avicennia, Bruguiera, Ceri-
ops, Conocarpus, Laguncularia, Rhizophora, Sonner-
atia, Tamarix. The lowest monthly mean temperature
in mangrove swamps is around 18 °C; the daily aver-
age temperature deviations are less than 10 °C (see
West 1956, Tischler 1976).

Colony growth of H. villosa was found from 22 °C
to 31 °C with an optimum at 27 °C. The results of
our in vitro experiments with a relatively high temper-
ature optimum and a relatively narrow temperature
range coincide well with the conditions prevailing at
the natural habitat of this fungus. Similar tempera-
ture ranges between 20°C and 30 °C were found
generally for marine wood-destroying fungi by John-
son and Sparrow (1961), for Nia vibrissa Moore et
Meyers by Doguet (1968), and for an African species
of Lulworthia (above 15 °C) by Schaumann (1974).

In mangrove swamps, drastically different salinities
from almost freshwater up to full strength seawater
(estuary) or even higher (evaporating ponds) are
found. Euryhaline plants could therefore be expected.
Indeed, vegetative growth of H. villosa was found
over the full range of salinities with an optimum
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between 25% and 100% seawater. This coincides well
with the conditions in the natural habitat, as found
by in vitro experiments by Lee and Baker (1972) for
marine fungi from mangrove swamps in Hawaii.

The pH-value of seawater ranges from 8.1 to 8.3
(Kohlmeyer and Kohlmeyer 1979). The water of
mangrove swamps has a slightly acidic pH between
6 and 7 (Tischler 1976) because of its high content of
humic acids and tannins. Depending on the amount
of seawater, pH-values between 6 and 8 could be
expected in mangrove swamps. This is also the pH-
range of the media in our experiments. This could
explain the fact that colony growth and fructification
were rather independent of the pH of the medium.

Formation of basidiocarps

The presence of clamp-connections in the mycelium
and other criteria led Ginns and Malloch (1977) to
include H. villosa in the basidiomycetes. Formation
of clamp-connections in our culture of H. villosa
was indicative of dicaryotic mycelium, which is a
prerequisite of basidiocarp formation. Under certain
experimental conditions, basidiocarp formation was
found indeed. As shown in Figure 5, clamp-connec-
tions were also found in the basidiocarps, confirming
earlier reports (Ginns and Malloch 1977).

The temperature range (22 —27 °C) and salinity range
(25—100% seawater) in which basidiocarp produc-
tion was observed are relatively narrow. They are
however within the range of vegetative growth near
the growth optimum of 27 °C and about 50% seawa-
ter. For the two marine wood-inhabiting basidiomy-
cetes Digitatispora marina Doguet and Nia vibrissa
Moore et Meyers, Doguet (1964, 1968) could also
demonstrate coincidence of optimum temperature for
vegetative growth and fructification. Basidiocarp for-
mation of H. villosa in our in vitro experiments requi-
res a minimal seawater concentration of 25% and
proves that H. villosa is an obligate marine fungus
according to the definition of Kohlmeyer and
Kohlmeyer (1979).

An increasing salinity tolerance with increasing tem-
perature, showing a combined influence of tempera-
ture and salinity on colony growth, was first found
by Ritchie (1957) for several species of the marine
imperfect genus Phoma and was correspondingly
called ‘Phoma-pattern’. Two observations in H. vil-
losa point in the same direction: The salinity optimum
of colony growth at 31 °C (50 —75% seawater) was
higher than at 27 °C (25— 50% seawater). The highest
number of basidiocarps per plate was obtained at
22 °C with a salinity of 25% to 50% seawater; at the
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higher temperature of 27 °C the highest number of
basidiocarps occurred at the higher seawater concen-
tration of 50% to 100%. However, these are isolated
observations, and since this phenomenon was not
found over the whole temperature range, it possibly
should not be called ‘Phoma-pattern’ sensu stricto in
contrast to the observations with Digitatispora marina
Doguet (Doguet 1964, 1968).

At temperatures from 22 °C to 27 °C and salinities
from 25% to 100% seawater, basidiocarps were
formed only provided the medium contained peptone
as a nitrogen source and/or wood and cellulose, re-
spectively. Therefore, the conditions necessary for
fructification also designate H. villosa as a wood-
inhabiting fungus. It would be interesting in this
context to find out the specific substance or sub-
stances responsible for basidiocarp formation.

Depending on the medium used, basidiocarp forma-
tion began at the earliest 4 weeks after inoculation
with primordium formation, leading to basidiocarp
production within another week. With certain media
in vitro basidiocarp production came to a standstill
at different stages (primordia, basidiocarps without
basidiospores, basidiocarps with basidiospores).

Morphology of basidiocarps

Basidiocarps of type A, B and C were formed in
culture. In nature only the occurrence of the circular,
funnel-shaped, stalked basidiocarps of type A has
been reported in the literature so far (Kohlmeyer and
Kohlmeyer 1964 —1969, 1965, 1977, Hughes 1975,
Ginns and Malloch 1977, Koch 1982).

Since only in vitro basidiocarps of type A produce
basidiospores, this seems to be the natural propaga-
tion structure of H. villosa. As types B and C were
only found under experimental conditions, and since
they do not produce basidiospores, they apparently
are not of biological significance. Basidiospores in
type A basidiocarps were only produced on GPY-
media containing Betula-wood. It is not known which
structural or chemical properties of Betula, a species
which does not occur in mangrove swamps, are re-
sponsible for basidiospore-formation in type A basi-
diocarps. Gramss (1979) was able to show the influ-
ence of some media on basidiocarp formation of
several wood-destroying basidiomycetes; however, no
marine fungi were included in this study. Depending
on the medium, basidiocarp formation proceeded to
different stages of development. Doguet (1968) re-
ported for the marine basidiomycete Nia vibrissa
Moore et Meyers the influence of light on basidiocarp
formation. Since in H. villosa no differences were

found in basidiocarp formation between incubation
in constant light, in constant darkness and in light/
darkness cycles (Rohrmann and Molitoris, unpub-
lished results), light apparently does not influence
basidiocarp formation in this fungus.

Enzymes

The investigation of the ability to produce certain
enzymes can provide important data for physiological
characterization of an organism. The mainly extracel-
lular enzymes tested here were chosen for ecological
relevance, physiological importance and suitability
for investigation by availability of simple qualitative
and semiquantitative tests on agar plates.

As a wood-inhabiting fungus, H. villosa should be
able to degrade wood. That was proved by the pre-
sence of laccase and peroxidase, enzymes involved in
wood degradation and typical for white rot fungi
degrading both lignin and cellulose. Until now,
among the marine fungi white rot type of wood
degradation as indicated by presence of the typical
enzymes and by microscopical investigations could
be shown only for the basidiomycete Nia vibrissa
Moore et Meyers (Leightley and Eaton 1979). In
most other cases wood degradation in marine fungi
followed the soft rot type, i.e. wood degradation by
dissolution of secondary walls of wood cells (see
Leightley 1980). Investigating the carbohydrate
metabolism, the presence of cellulase and pectinase,
two more enzymes important for wood degradation,
could be demonstrated. The presence of amylase and
laminarinase (possibly also alginase, see results) indi-
cates the ability of the fungus to use other reserve
materials of plants. Similarly, Gessner (1980) could
show the presence of certain enzyme activities by
means of which marine fungi could use the plants of
salt marshes as substrates.

The spectrum of usable substrates in the natural
habitat was furthermore increased by the ability of
H. villosa to degrade fats (lipase) and proteins (gela-
tinase, caseinase).

Seawater contains up to 100 mg m~3 nitrate. The
production of nitrate reductase would allow the use
of nitrate as an additional nitrogen source. H. villosa
synthesizes this enzyme irrespective of the salinity of
the medium. That is in agreement with results of
Molitoris and Schaumann (1986), showing that all
obligate marine fungi tested so far in their survey are
able to produce nitrate reductase.

In summary it can be stated that the marine basidi-
omycete Halocyphina villosa is well adapted to the
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climate, water and substrate conditions in its natural
habitat, the tropical/subtropical mangrove swamp.
This follows from the results of in vitro experiments
on optimal conditions for vegetative growth, basidio-
carp formation and production of necessary en-
zymes for substrate degradation.
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