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The nature of the epiphytism of red algae and also the occurrence and possible role of other epiphytic
micro-organisms within the superficial tissues of pneumatophores of Avicennia marina (Forssk.) Vierh.
were investigated. Transmission electron microscopy (TEM) studies revealed that bacteria and
holdfasts of red algae were present in damaged tissue of the periderm. Culture studies indicated that
some bacteria were diazotrophic. A mutualistic relationship between epiphytes and mangrove

pneumatophores was postulated.
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INTRODUCTION

The pneumatophores of Avicennia marina (Forssk.)
Vierh. have been found to support a rich flora of algae
and bacteria. In South Africa the algae epiphytic on the
pneumatophores of this mangrove have been the subject
of several taxonomic (Lambert et al.1987, 1989),
physiological (Mann and Steinke, 1988; 1989; 1993;
Steinke and Naidoo, 1990) and ecological (Phillips et al.,
1994; 1996; Steinke et al., 2003; Yasuyuki, 2005) invest-
tigations. However, these studies raised questions on the
nature of the algal epiphytism and also on the role of the
micro-organisms on the pneumatophores. To address
these considerations a study was undertaken to obtain
information on this issue. This paper has arisen from that
study and reports the presence of micro-organisms within
the superficial tissues of the pneumatophores and indi-
cates a possible role for some of these organisms.

MATERIALS AND METHODS
Collection and preparation of material

Pneumatophores of A. marina, with epiphytic algae attached, were
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collected from the intertidal zone of the channel in the Beachwood
Mangroves Nature Reserve in the Mgeni estuary. The
pneumatophores were cut off at the base with a sharp knife and,
within 20 min, were transported to the laboratory in a bucket of
channel water at ambient temperature. The temperature of the
water was approximately 25°C and did not increase by more than
1°C during transport. Pneumatophores were washed carefully in
sterilized seawater, then adjusted with distilled water to 25% which
was the mean salinity recorded in the channel at the site of
collection.

For uniformity, 2 cm segments were excised from the middle
portion of each pneumatophore. Epiphytic algae were carefully
removed from the surface with a sterile blade so as not to damage
the bark, after which the segments were washed in sterile seawater
(25%).

This material was used for two main lines of investigation, viz.
transmission electron microscopy to elucidate the nature of the
epiphytism and the presence of organisms other than algae and,
secondly, characterisation of the role of other organisms.

Light microscopy (LM)

For light microscope studies, segments of pneumatophores
embedded in paraffin wax were used. Material was fixed in FAA,
dehydrated in a tertiary butyl alcohol series and embedded in
paraffin wax. Sections 10 - 15 um thick were cut on a base sledge
microtome, mounted on glass slides, de-paraffinised and
photographed with a Zeiss Axiophot photomicroscope
(Oberkochen, Germany).



Figure 1. Transverse section of segment of
pneumatophore of A. marina, showing damage to outer
wall layers of cork sheath (arrows).

Figure 2. Damaged and underlying cells invaded by bacteria
(arrows). Note algal holdfast (H) closely appressed to thick
cell wall (arrowheads).

Transmission electron microscopy (TEM)

Small segments of samples (2 mm?), taken from the mid-region of
the pneumatophores were diced in 0.05 M sodium cacodylate
buffer (pH 7.2) in a Petri dish. The material was fixed under vacuum
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in cold 6 % glutaraldehyde buffered with 0.05 M sodium cacodylate
for approximately 6 h, washed 3 times for 20 min each in 0.05M
cacodylate buffer, and post-fixed in 2% osmium tetroxide made up
in the same buffer and stored overnight in the refrigerator at 4°C.
The material was then washed twice in 0.05 M cacodylate buffer
before being dehydrated through a graded series of ethanol (that is,
20 min each in 50, 70 and 80% ethanol, 30 min in 90% and 2
changes of 30 min each in 100% ethanol). The samples were
washed in two changes of propylene oxide for 20 min each and
taken through increasing concentrations of Spurr’'s (1969) low
viscosity resin, diluted with propylene oxide. Material was
embedded in 100% Spurr resin. Ultrathin sections were cut with a
Diatome diamond knife, collected on uncoated 200-square mesh
copper grids and post-stained with 2% aqueous uranyl acetate for
20 min, followed by Reynold's (1963) lead citrate for approximately
5 - 10 min. The sections were examined and photographed with a
Philips 301 TEM at 60 kV.

Characterisation of the role of epiphytic bacteria

Before attempting to culture bacteria from the outer cork cells of the
pneumatophores, a reliable surface-sterilization technique had to
be developed to eliminate interference from surface organisms. A
number of treatments for surface-sterilization were investigated
(Table 1). In order to determine the success of each treatment, that
is, if any surface contaminants remained, segments were swabbed
with sterile swabs which were then streaked over the surface of
agar plates. The heterotrophic medium used was trypticase soy
agar made up with synthetic seawater according to Atlas (1993).
Five replications were used for each treatment. Plates were
incubated for 48 h at 30°C.

Under sterile conditions, surface-sterilized (95% ethyl alcohol for
5 min, then flamed) pneumatophore segments were either cut in
half longitudinally and placed on agar plates or pieces of bark were
peeled off and placed on agar. Material was placed on;

a) Nitrogen-free medium to test for diazotrophs (Centifanto and
Silver, 1964).
b) Heterotrophic medium.

Five replications of each treatment were incubated under anaerobic
(Merck Anaerocult) and aerobic conditions for 48 h at 30°C. As
growth of bacteria occurred in all cases, colonies were re-plated by
streaking on to fresh nitrogen-free medium under anaerobic and
aerobic conditions and again five replications were incubated for 48
h at 30°C. The results of these treatments were assessed visually
for growth of bacteria which were Gram-stained and examined
microscopically.

RESULTS
Transmission electron microscopy

A light microscope cross-section of a pneumatophore of
A. marina revealed a damaged periderm (Figure 1). The
cells of the outermost phellem or cork layers have broken
walls (Figure 1). This damaged tissue showed the
presence of algal holdfasts which appeared to be closely
appressed to the cell walls. The cells of the holdfasts
possess thick walls (Figure 2). The damaged cells and
underlying intact (Figure 2) tissue have been invaded by
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Table 1. Surface sterilization treatments to control surface contaminants.

Sodium hypochlorite, | 95% ethyl alcohol, 95% ethyl alcohol, u.v.
Treatments then rinsed then rinsed then flamed light
15 Sec + + + +
Period 30 Sec + + + +
1 Min + + + +
Time 2 Min + + + +
4 Min + + + +
5 Min + + - +
+ = growth of bacteria
- = nogrowth

Figure 3. Underlying cells of cork sheath, colonized by
bacteria possessing thick walls (arrows).

Figure 4. Adhesion of bacteria, probably a result of mucilage surrounding the
cells (arrows). Note spiral arrangement of membranes within some bacterial
cells (arrowheads).

bacteria, which occur either singly or in colonies.

Some of these bacteria have thick, resistant walls,
while those occurring in colonies appear to be
surrounded by a mucilaginous sheath (Figures 3 and 4).
Transmission electron microscopy of the bacteria
revealed the presence of spiraling membranes in the
cytomatrix, a feature typical of a diazotroph (Figure 4).

Characterization of the role of epiphytic bacteria

The surface-sterilization technique adopted was the
treatment which did not allow growth of bacteria, that is,
95% ethyl alcohol for 5 min, then flamed (Table 1). In all
cases growth of bacteria occurred on the nitrogen-free
medium, suggesting that some of the bacteria were
diazotrophic and confirming the observation above
(Figure 4). No identification was possible from
microscopic examination of the Gram-stained material.

DISCUSSION

It has been shown that there is a dense growth of
epiphytic algae and bacteria on pneumatophores of A.
marina (Phillips et al., 1996; Steinke and Naidoo, 1990;
Mann and Steinke, 1993; Proches and Marshall, 2002).
Among the algae the Rhodophyta (the "bostrychietum™)
and Cyanophyta (cyanobacteria) are usually abundant
(Post, 1936; Lambert et al., 1987; 1989). Although the
pneumatophores contain chlorophyll and are potentially
autotrophic, the dense growth of epiphytes and thick
coating of sediment probably restricts their
photosynthesis (Steinke and Naidoo, 1990). The
presence of algal holdfasts, within both the damaged and
intact periderm of pneumatophores, suggests that these
structures are not used simply as a substrate for the
attachment of the red algae. Previous research has
shown that the epiphytic red algae may be responsible
for high rates of photosynthesis (Mann and Steinke,
1988) and it is postulated that some photosynthates may



reach the mangrove tissues via the holdfasts. Similarly,
the blue-green algae (cyanobacteria) are capable of high
levels of nitrogen fixation, some of the nitrogenous
products which might also be available, if not
immediately, then through the estuarine food chain, to the
mangroves (Mann and Steinke, 1993). These
cyanobacteria have been shown to fix atmospheric
nitrogen (Toledo et al., 1995; Kyaruzi, 2003). Clearly, the
diazotrophic bacteria found within the periderm may also
have a role in augmenting the nitrogen nutrition of their
host.

It is suggested, therefore, that there could be a
mutualistic  relationship between mangroves and
epiphytes. The epiphytes clearly benefit from having a
substrate for attachment and from protection provided by
the mangrove, and may also derive nutritional
advantages from the association. On the other hand, the
carbon and nitrogen metabolism of the pneumatophores
could benefit through photosynthesis and nitrogen
fixation by the epiphytes. Previous work has shown that
biological nitrogen fixation occurs on A. marina
pneumatophores (Lugomela and Bergman, 2002).
Although previous research did not establish the
presence of diazotrophs within the mangrove tissues,
there is clear evidence of the advantages of nitrogen
fixation by bacteria and blue-green algae (cyanobacteria)
to the mangrove ecosystem (Potts, 1979; Van der Valk
and Attiwill, 1984; Hicks and Sylvester, 1985; Toledo et
al., 1995; Sheridan, 2001).

The results reported here appear significant although it
is clear that the research has posed questions about the
possible role of the association between mangroves and
epiphytes and these can only be addressed with further
investigations. It is hoped that the diverse issues raised
by this study will lead to research which will provide
further evidence of an association of mutual benefit to all
partners.

ACKNOWLEDGEMENTS

This research was funded by the ex University of Durban-
Westville. The authors thank A. Rajh for photographic
assistance and S. Chetram for typing of the manuscript.

REFERENCES

Atlas RM (1993). Handbook of Microbiological Media. CRC Press,
London.

Centifanto Y, Silver WS (1964). Leaf nodule symbiosis |. Endophyte of
Psychotria bacteriophila. J. Bact. 88: 776-781.

Hicks BJ, Sylvester WB (1985). Nitrogen fixation associated with the
New Zealand mangrove Avicennia marina (Forssk.) Vierh. var.
resinifera (Forst.f) Bakh. Appl. Environ. Microbiol. 49: 955-959.

Kyaruzi JJ, Kyewalyangal MS, Muruke MHS (2003). Cyanobacteria
Composition and Impact of Seasonality on their In Situ Nitrogen
Fixation Rate in a Mangrove Ecosystem Adjacent to Zanzibar Town.

Naidoo et al. 015

Western Indian Ocean J. Mar. Sci. 2(1): 35—44.

Lambert G, Steinke D, Naidoo Y (1987). Algae associated with
mangroves in southern African estuaries |. Rhodophyceae. S. Afr. J.
Bot. 53: 349-361.

Lambert G, Steinke TD, Naidoo Y (1989). Algae associated with
mangroves in southern African estuaries: Cyanophyceae. S. Afr. J.
Bot. 55: 476-491.

Lugomela C, Bergman B (2002). Biological N, — fixation on mangrove
pneumatophores: preliminary observation and perspectives. Ambio:
A J. Human Environ. 31(7): 612-613.

Mann D, Steinke TD (1993). Biological nitrogen fixation (acetylene
reduction) associated with blue-green algal (cyanobacterial)
communities in the Beachwood Mangrove Nature Reserveii.
Seasonal variation in acetylene reduction activity. S. Afr. J. Bot. 59:
1-8.

Mann FD, Steinke TD (1989). Biological nitrogen fixation (acetylene
reduction) associated with blue-green algal (cyanobacterial)
communities in the Beachwood Mangrove Nature Reserve I. The
effect of environmental factors on acetylene reduction activity. S. Afr.
J. Bot. 55: 438-446.

Mann FD, Steinke TD (1988). Photosynthetic and respiratory responses
of the mangrove- associated red algae, Bostrychia radicans and
Caloglossa leprieurii. S. Afr. J. Bot. 54: 203- 207.

Phillips AM, Lambert G, Granger JE, Steinke TD (1996). Vertical
zonation of epiphytic algae associated with Avicennia marina
(Forssk.) Vierh. pneumatophores at Beachwood Mangroves Nature
Reserve, Durban, South Africa. Bot. Mar. 39: 167-175.

Phillips AM, Lambert G, Granger, JE, Steinke TD (1994). Horizontal
zonation of epiphytic algae associated with Avicennia marina
(Forssk.) Vierh. pneumatophores at Beachwood Mangroves Nature
Reserve, Durban, South Africa. Bot. Mar. 37: 567-576.

Post E (1936). Systematische und pflanzengeographische notizen zur
Bostrychia-Caloglossa Assoziation. Rev. Algol. 9: 1-84.

Potts M (1979). Nitrogen fixation (acetylene reduction) associated with
communities of heterocystous and non-heterocystous blue-green
algae in mangrove forests of Sinai. Oecologia (Berl.) 39: 359-373.

Proches S, Marshall DJ (2002). Epiphytic algal cover and sediment
deposition as determinants of arthropod distribution and abundance
on mangrove pneumatophores. J. Mar. Biol. Assoc. UK, 82: 937-942.

Reynolds ES (1963). The use of lead citrate at high pH as an electron
opaque stain in electron microscopy. J. Cell Biol. 17: 208-212.

Sheridan RP (2001). Role of ultraviolet radiation in maintaining the three
dimensional structure of a cyanobacterial mat community and
facilitating nitrogen fixation. J. Phycol. 37 (5): 731-737.

Spurr AR (1969). A low-viscosity epoxy resin embedding medium for
electron microscopy. J. Ultrastruct. Res. 26: 31-43.

Steinke TD, Naidoo Y (1990). Biomass of algae epiphytic on
pneumatophores of the mangrove, Avicennia marina, in the St Lucia
estuary. S. Afr. J. Bot. 56: 226-232.

Steinke TD, Lubke RA, Ward CJ (2003). The distribution of algae
epiphytic on pneumatophores of the mangrove, Avicennia marina, at
different salinities in the Kosi System. S. Afr. J. Bot. 69: 546-554.

Toledo G, Bashan Y. Soeldner AL (1995). Cyanobacteria and black
mangroves in Northwestern Mexico: colonization, and diurnal and
seasonal nitrogen fixation on aerial roots. Can. J. Microbiol. 41: 999-
1011.

Van Der Valk AG, Attiwill PM (1984). Acetylene reduction in an
Avicennia marina community in southern Australia. Austr. J. Bot. 32:
157-164.

Yasuyuki H (2005). Ecochemical Studies of Interrelationships between
Epiphytic Bacteria and Host Plants via Secondary Metabolites.
Bioscience, Biotechnology, and Biochemistry. 69 (8): 1427-1441.



