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SUMMARY: The first comprehensive study of the marine algal flora of Namibia including descriptions and illustrations of
most species is presented. The main objective of this work is to report a flora that, until now, has scarcely been studied. The
work compiles all the available information on the marine benthic flora of Namibia and provides new data about it compo-
sition and biogeography, as well as detailed descriptions and remarks of most of its species. The samples on which this study
is based were collected between 1986 and 1989 in the eulittoral and the upper sublittoral zones of the north half of the
Namibian coast. According to the present data, the marine benthic flora of Namibia comprises 196 taxa (147 Rhodophyceae,
20 Phaeophyceae, 15 Ulvophyceae, 6 Cladophorophyceae and 8 Bryopsidophyceae), 21 of which has not been recorded
from this coasts. This temperate flora is mainly characterized by a low number of species, a low proportion of Phaecophyceae
and a high degree of endemism. Concerning the species number, the flora is quite poor due to both the scarce availability
of colonizable substratum and the low diversity of habitats. On the other hand, the low proportion of Phaeophyceae is the
reason for which the R/P and (R+C)/P ratios take disproportionately high values and so they are not useful in this geo-
graphical area. As regards the degree of endemism, the marine benthic flora of Namibia includes quite a high number of
taxa endemic to southern Africa (55 taxa; 28.1% of the flora); 25 of these 55 taxa (12.8% of the flora) are endemic to the
biogeographic Benguela Marine Province and only Acrosorium cincinnatum is endemic to the Namibian coasts.
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RESUMEN: ALGAS BENTONICAS MARINAS DE NAMIBIA. — Este trabajo recoge toda la informacion existente hasta el momen-
to sobre la flora benténica marina de Namibia y proporciona nuevos datos sobre su composicion y biogeografia, ademds de
descripciones detalladas y valoraciones criticas de muchas de sus especies. El trabajo se ha realizado a partir de muestras
floristicas recolectadas entre los afios 1986 y 1989 en las zonas eulitoral y sublitoral superior de la costa de la mitad norte
del pais, entre Walvis Bay y la desembocadura del rio Kunene. Segtin los datos actuales, la flora benténica marina de Nami-
bia estd representada por 196 tixones (147 Rhodophyceae, 20 Phaeophyceae, 15 Ulvophyceae, 6 Cladophorophyceae y 8
Bryopsidophyceae), 21 de los cuales no habian sido citados hasta el momento de las costas de este pafs. Se trata de una flora
de caracter templado que se caracteriza principalmente por el bajo nimero de especies, la escasa proporcién de feoficeas y
el elevado grado de endemismo. En cuanto al nimero de especies, la flora de Namibia es relativamente pobre, debido a la
escasa disponibilidad de substrato colonizable y a la baja diversidad de habitats. Por otra parte, la baja proporcién de feofi-
ceas hace que los indices R/P y (R+C)/P adopten valores desproporcionadamente elevados, lo que hace que no sean aplica-
bles en esta drea geogréfica. Por lo que se refiere al grado de endemismo, la proporcién de tdxones endémicos del sur de
Africa es bastante elevada (55 taxones; 28.1% de la flora); de estos 55 taxones endémicos, 25 (el 12.8% de la flora) lo son
de la Provincia Marina de Benguela y tinicamente Acrosorium cincinnatum es endémico de las costas de Namibia.

Palabras clave: Namibia, algas marinas, morfologia y anatomia, distribucion, biogeografia, taxonomia, check-list.

INTRODUCTION between the mouth of the rivers Kunene (17°16°S)
and Orange (28°30°S). Along this coast the cold

Namibia is a country with approximately 1500 Benguela current and the descending warm waters
km of coast that stretches in a north-south direction from Angola converge. In addition, the effect of the
Benguela current, together with the prevailing

*#Received October 18, 2001. Accepted September 6, 2002. winds, originate a coastal upwelling system of deep
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water, cold and nutrient rich, which maintains a gen-
eral high production during most of the year. The
combination of both these factors confers to the
Namibian coast certain ecological features which
are particularly interesting. They are mainly respon-
sible for the temperate climate of this zone, which is
included in a tropical area, with its corresponding
biogeographical effects. Although the Namibian
coast exhibits such attractive ecological and biogeo-
graphical conditions, this zone has been scarcely
studied, at least regarding its marine benthic flora.
This is mainly due to the inhospitable and inaccessi-
ble characteristics of this coast, given that along
much of the coast the desert dunes stretch to the sea.

Since the Institut de Cieéncies del Mar of
Barcelona had a research project to study the fish-
eries of the Austral Africa, we thought it would be
interesting to start a study in parallel of the marine
benthic flora of Namibia. At first, the main purpose
of this work was to record information about the
marine flora of Namibia and consequently to con-
tribute to filling the gap in the general knowledge of
the flora of the Atlantic African coasts, which was
well-known for the countries above Namibia (Law-
son and John, 1987) but less so for the South African
coasts, whence the scattered information was com-
piled into a catalogue by Seagrief (1984).

Shortly after our last collecting campaign, Law-
son et al. (1990) gathered the sparse information
about the marine benthic flora of Namibia (mainly
unpublished and originating from a campaign car-
ried out in 1957) in a paper which includes a cata-
logue of the flora, as well as a description of the
zonation in two coastal areas and data about the
biogeography. This led us to modify the main pur-
pose of our work in order to highlight the descrip-
tion of the species, which was not covered in the
work of Lawson et al. (1990) and, until recently,
neither in most studies about South African flora,
with which that of Namibia shares a great number
of species.

This work is not meant to be an exhaustive study
of the marine benthic flora of Namibia, but aims to
lay the foundations for carrying out such a work in
the future. In contrast, it is meant to offer a compi-
lation of all the information available up to this
moment about this subject and to contribute to the
knowledge of the marine benthic flora of Namibia.
In this way, we supply new data about its composi-
tion and biogeography, as well as detailed descrip-
tions and critical remarks about many of the species
that form it.
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It may seem an anachronism to produce a work
of these characteristics at a time when new tech-
nologies direct botany to the study of the phyloge-
netic relations between the species, which leads one
to reconsider their taxonomic classification, or to the
implementation of systematic revision of certain
groups. However, we think this work is justified by
the fact that most of the species of Namibian marine
flora are not accurately documented. This often
obliged us to resort to the original descriptions or to
the classical works.

Historical background

In spite of its ecological and biogeographical
interest, the coasts of Namibia have been scarcely
studied from the point of view of the marine benthic
algae, at least until the 1990s. Until then, the works
that studied exclusively the marine algae of Namib-
ia were few and generally very old, such as the ones
by Foslie (1893), Pilger (1908) and Dinter (1919-
1928). Among the more recent ones, it is worth men-
tioning the one by Wynne (1986) and the one by
Rotmann (1987). Wynne (1986) produces a com-
mented and illustrated catalogue of the species col-
lected near Swakopmund during a short stay at that
site. Rotmann (1987), in contrast, comments on the
exploitation of Gracilaria verrucosa at Liideritz Bay
and studies its farming possibilities in this geo-
graphical area. It is also important to point out that
during this period (in 1957) there was a field excur-
sion organized by Professor W.E. Isaac, of the
Department of Botany of the University of Cape
Town, to collect seaweeds from the Namibian
coasts. However, it is also noteworthy that the results
from this campaign were not published until 1990, in
a work about the marine algal flora of Namibia
(Lawson et al., 1990). During this period, several
papers refer to these data citing them as Simons
(1973, unpublished list) and Lawson and Isaac
(1982, unpublished manuscript). Although works
that specifically study the marine flora of Namibia
are scant, it is also true that information about
marine algae of this country can be found in mainly
faunal works or in studies that focus on South
African marine algae, or from other geographic
areas, as well as in ecological or biogeographical
works. Among the studies about fauna it is worth
mentioning those by Penrith and Kensley (1970a and
b) that study the zones of Liideritz and Rocky Point
respectively, and the one by Kensley and Penrith
(1980) that studies the zone comprised between



False Cape Frio and the Kunene river mouth. In
these works the authors describe the vertical distrib-
ution of algae and animals based on transects from
the eulittoral zone. Among the works that do not
specifically study Namibia, some that deal with
South African marine algae produce species descrip-
tions that were partly taken from the observation of
material collected in Namibia. Such is the case of
Silva (1959), Simons (1964, 1966 and 1970) and
Simons and Hewitt (1976). In the same way, species
descriptions partly based on material from Namibia
can be found in the works that comprise a broader
study area, such as the tropical Atlantic (Silva, 1960)
or the southern hemisphere (Searles, 1968). On the
other hand, there are works with varied subjects in
which information about the distribution of certain
species of the Namibian coasts can be found (Delf
and Michell, 1921; Simons, 1969; Anderson and
Stegenga, 1985; Anderson et al., 1989) or that sim-
ply observe their presence in this country (Lawson
and Price, 1969; Price et al., 1978, 1986 and 1988;
John et al., 1979). Finally, information about
Namibian marine flora can also be found in studies
about vegetation (Schmidt, 1957) or biogeography
(Bolton, 1986; Hommersand, 1986; Lawson, 1988).

During the 1990s the number of studies about
Namibian marine algae increased significantly. It is
worth mentioning the one by Lawson et al. (1990)
which compiles all the information available hither-
to and offers the first catalogue of the flora of this
zone. The authors also describe the zonation type at
Elisabeth Bay, Liideritz (two localities in the south
of the country) and Swakopmund, and they indicate
the relations of the Namibian flora with other sur-
rounding ones. Although it is an important contribu-
tion to the knowledge of Namibian marine flora, this
work does not take into account species descrip-
tions, most of which are scantly documented.
Another work that contributes to the knowledge of
the marine flora of this country is the one by Rull
Lluch and Gémez Garreta (1993), in which the
authors describe three species not recorded previ-
ously from the Namibian coasts. More numerous are
the works that deal with algae from the point of view
of the ecology, biogeography or economic interest
of the species. Among the firsts, the more notewor-
thy ones are the one by Engledow and Bolton (1994)
and the ones by Molloy and Bolton (1996a and b).
In the first one, the authors analyse the influence of
the environmental conditions on flora diversity in
several localities along the coast, while the two oth-
ers study the effect of the environmental parameters

on the morphology of Laminaria schinzii (Molloy
and Bolton, 1996a) or on the growth of Gracilaria
gracilis (Molloy and Bolton, 1996b). On the other
hand, Engledow et al. (1992) carry out a biogeo-
graphic study of the Namibian flora and they con-
clude that it is an extension of the flora of the South
African west coast with little tropical influence in its
northernmost region. Many of these data are more
extensively treated in a recent work on the biogeog-
raphy and biodiversity of the Namibian intertidal
seaweed flora by Engledow (1998). Among the
works that refer to the economic interest of the
species, the one by Molloy (1990) provides infor-
mation about the ecology and distribution in Namib-
ia of species that produce alginic acid, agar or car-
rageenans, and other species suitable for human and
animal consumption. On this point, the works by
Molloy and Bolton (1992 and 1995) and Molloy
(1998), which concentrate on the collection and
farming of Gracilaria gracilis at Liideritz Bay, are
also noteworthy.

As in the previous decades, it is also possible to
find information about the benthic marine algae of
Namibia in works that study the ones from South
Africa. In the ones by Chamberlain and Keats
(1994), Keats and Chamberlain (1995), Chamber-
lain (1996) and Keats and Maneveldt (1997), that
are part of a general project on the study of the
South African nongeniculate corallinaceae, the
authors base the description of certain species on
material also collected from the Namibian coasts.
Another interesting study is the one by Stegenga et
al. (1997), the first monograph about South
African seaweeds. It is a work in which the authors
produce a suitably illustrated description of the
species occurring on the South African west coast.
They also supply keys for their identification and
information about their ecology and distribution.
Most of the species of the Namibian flora appear in
this work. One of them (Polysiphonia namibiensis)
is described as a new species from material col-
lected in this country; others are cited in this geo-
graphical area for the first time, although in most
cases the authors do not specify the origin of the
samples and do not refer to any other work. Apart
from these works, which represent an important
advance in the knowledge of the Atlantic flora of
southern Africa, scarcely documented until then,
there are other works that give information about
the distribution of some of the cited species of
Namibia, such as the ones by Anderson and Bolton
(1990) and Levitt et al. (1995).
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Finally, it is also worth mentioning the works by
Price et al. (1992), John et al. (1994) and Lawson et
al. (1995) about marine algae of the Atlantic coast of
tropical Africa, in which, among others, we can find
the citations of certain species of red algae from
Namibia.

The environment

Note: This section has mainly been elaborated from
the studies by Martin (1973) and Lancaster (1989),
as well as from the reviews about the Benguela
ecosystem made by Shannon (1985) and Chapman
and Shannon (1985). The reader is referred to these
works for further information on this subject.

Coastal geology and topography

Namibia’s desert stretches along the Atlantic
coast of southern Africa, from 14°S to 32°S, and
reaches its maximum width (roughly 200 Km) in the
central zone, where its main sand sea is placed
(Ward et al., 1983; Lancaster, 1989). The so called
Namib Sand Sea is located in the section of coast
between Walvis Bay and Liideritz (Fig. 1), and the
dunes often reach the sea, where they are eroded by
the action of the waves (Rogers, 1979). Other impor-
tant, although less extensive, dune fields are the
Kunene Sand Sea (Bremner, 1984) and the one of
Skeleton Coast (Lancaster, 1982). Between the
mouth of the Orange River and the Koichab River
valley there is an extended rocky plane that is more
or less covered with sand, with some disperse hills
and small dune fields (Lancaster, 1989). The zone
between Walvis Bay and Skeleton Coast is also con-
stituted by an extensive rocky plane, called the
Namib Platform, which represents an outcrop of
Precambrian material characteristic of the marginal
zone of the continent (Martin, 1973). Over this
rocky plane, which is formed by mica schists and
granite intrusions of the Damara geosynclinal
sequence from the late Proterozoic (Lancaster,
1989), there are alignments of hills and dunes, the
latter being specially abundant at the south of
Swakopmund. At Skeleton Coast, the Namib Plat-
form is more or less eroded, with dune fields and
basaltic lava promontories (Kaoko Laves), which in
certain places, like Rocky Point, reach the coast
(Penrit and Kensley, 1970b; Martin, 1973; Lancast-
er, 1989; Fig. 3). The beds of the rivers Kunene (at
the north) and Orange (at the south) go through the
desert and represent Namibia’s administrative lim-
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FIG. 1. — The Namib Desert: sand accumulations and major drainage
systems. (After Lancaster, 1989).
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of Namibia. (1) Kalahari Beds; (2) Lower Cretaceous Kaoko Lavas;
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(5) parts of valley along which the Paleozoic, glacially shaped relief

is still recognizable; (6) generalized direction of ice flow. (Modified
after Martin, 1973).

its. Between these two rivers, which are the main
ones on the western coast of southern Africa, sever-
al less important fluvial courses, generally dry, reach
the coast (the Ugab, the Uniab and the Hoanib,
among others). Extensive sand beaches with several
occasional rocky outcrops mainly constitute the
coastline (Shannon, 1985). The most important of
these rocky outcrops is located in the Liideritz area
(Fig. 2). In this zone and at Walvis Bay are the main
bays and sheltered sites of the Namibian coast,
which in general is mainly regular (Shannon, 1985).

Between 18°S and 28°S, most of the Namibian
coast, the average width of the continental shelf is
about 140 km. It stretches up to roughly 350 m depth
(Birch et al., 1976), Liideritz being its most narrow
part (75 km). Opposite Walvis Bay the continental
shelf is formed by two parts separated by a slope:

one near the coast, that reaches around 140 m depth,
and next to it the other one that penetrates up to 400
m depth. Opposite the mouth of the Kunene River
the continental shelf is very narrow (45 km) and rel-
atively less deep (it stretches up to 200 m depth). In
contrast, opposite the Orange River, the continental
shelf achieves its maximum width (180 km).

Climatic factors

The climate of Namibia’s desert is arid or hyper-
arid, but relatively cold, especially in the coastal
areas (Lancaster, 1989). According to this author,
this is mainly due to the effect of the cold Benguela
current, which flows in a northward direction along
the west coast of southern Africa. One important
feature of the region’s climate is the strong prevail-
ing gradient from the cold hyper-arid coastal zone
(the mean annual precipitation in form of rain is
roughly 15 mm) to the warmer interior zone, with a
higher mean annual precipitation (87 mm).

A distinctive factor of Namibia’s climate is the
coastal fog, which is caused when the moisture-rich
wind from the ocean freshens as a result of passing
over the Benguela current. Its effect can be observed
as far as 100 km inland. The fog mainly occurs dur-
ing the winter months on the coast, and yields a mean
annual precipitation of 34 mm (Lancaster, 1989). As
a result of the fog, the humidity is fairly high (87%
mean annual at Walvis Bay) although when the east
wind blows it can drop to 10%. Likewise, the cold
waters of the Benguela current keep the temperatures
in Namibia’s desert relatively moderate (the mean
annual maximum daily temperature is 17°C on the
coast and ranges between 28°C and 33°C inland).

The wind system is determined by the south
Atlantic anticyclone, and also by the effect of the
topography and the thermal differences. As a result,
the prevailing winds have a southern component and
are favourable to the coastal upwelling of deep
waters (Shannon, 1985; Lancaster, 1989). In sum-
mer, when the anticyclone is more persistent and the
thermal contrast between sea and earth is more evi-
dent, the winds deflect to the land (SSW-SW) and
yield marine breezes. In autumn and winter, as a
result of the establishment of a high-pressure system
over the continent, east winds (berg winds) origi-
nate, and occasionally (during 10-15 days a year)
reach the coast (Shannon, 1985; Lancaster, 1989).
These winds are capable of transporting large quan-
tities of sand and dust to the sea (Shannon and
Anderson, 1982).
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Oceanographic aspects: the Benguela System

The oceanographic features of the Atlantic coast
of southern Africa are determined by both the exis-
tence of the cold Benguela Current, which repre-
sents the ascending branch of the anticyclone gyre
of the south Atlantic, and the action of southerly
winds, which prevail at the zone during most of the
year and are responsible for the upwelling of deep
and nutrient-rich waters at several sites of the coast
(Shannon, 1985). The combined action of both these
factors constitutes a complex circulation system
named the Benguela System. It stretches from Cape
Agulhas, where it receives the warm water influence
from the Agulhas Current, to the converging zone
with the warm Angola Current (the northern limit of
the Benguela System would be roughly placed at
17°S, although its influence is detected up to 15°S).
The Benguela System is limited towards the ocean

by a more or less winding thermal front, which to
the South of Liideritz coincides approximately with
the limit of the continental shelf, while it is not so
well defined to the north of this locality (Shannon,
1985). According to this author, the Benguela Sys-
tem accomplished its total development between the
end of the Pliocene and the beginning of the Pleis-
tocene, although its origins go back to the end of the
Miocene, 12 million years ago. Although upwelling
phenomena probably existed before this time, the
upwelling water may have had very different char-
acteristics (temperature, salinity, nutrient concentra-
tion) in such a way that it may have sustained dif-
ferent fauna and flora from the ones at the end of the
Miocene and later epochs (Shannon, 1985).

The Benguela System comprises several water
masses with different origins. They include the
south Atlantic central water, which is formed at the
subtropical convergence and then sinks and travels

15°

Benguela divergence
°

( Moroshkin) o
°
L)
°l '

]
L
deep compe
current

ANGOLA
BASIN

20
2
saline water, lote

possible conver

barrier to deep
circulotion

pronounced diverge
of currents

barrier - cold

narrow
shelf

___________ winds seasonally
upwelling fovourable
south of 31°S

@ Northern boundary {Angola front) -
shifts seasonally
35°

A
® -1

. > L}
intrusion of warm ¢

zone
r:\
Major environmental

turbulence -~ partial
window in gutumn

ANGOLA

*“winds perennially upwelling fovourable
south of 15°5 —~ waler strongly

: strotified in north during summer

< restricts upwelling

NAMIBIA

wide shallow upper
shelf

i\

R
gence
\
\ tond
\ ong shore surface
Currents

, high
cold water
odverted into

deep Orange bight

. Namaqua

. (Hondeklip)

____Columbine
divide

Shelf- edge;j\

over outer shelf-break

”
- South eastern boundary of Benguela - Cape Peninsulc. \ '
shifts seasonally vpwell cell !
. . " Agulhas Bank I:\ H ,’
© Rings, eddies and filaments from the {woter well mixed in winter \.:_,
Aguthas Current advected during woler well mixec i ' Aquthas
strongly strotified in summer) 9
summer, west ofl Benguela \ ) Bulnk divide
5° 10° 15° 20° E

F1G. 4. — A conceptual model of the Ben,

10 J. RULL LLUCH

guela system. (After Shannon, 1985).



northwards following the Atlantic coast of southern
Africa, between a deep layer of Antarctic waters and
a warm surface layer (Shannon, 1985; Stegenga et
al., 1997). This south Atlantic central water (with a
temperature of 6-16°C and a salinity of 34.5-35.5%c;
Shannon, 1985) flows in contact with the continen-
tal shelf of the Atlantic coasts of South Africa and
Namibia, reaching the surface at the upwelling
zones. According to Shannon (1985), the upwelling
influences a maximum depth of 200 m on the central
coast of Namibia; this depth generally limits the
lower end of the continental shelf. The upwelling
persistence and intensity vary seasonally and also
yearly, mainly depending on the position of the
south Atlantic anticyclone (one of the factors
responsible for the prevailing winds) and the width
of the continental shelf (Shannon, 1985; Stegenga et
al., 1997). On the South African coast the winds
responsible for the upwelling show a very clear sea-
sonal variation, and reach their maximum levels in
spring and summer (Shannon, 1966), so the
upwelling period stretches from September to
March (Andrews and Hutchings, 1980). In contrast,
on the coasts of Namibia, winds have a less season-
al character and the upwelling is produced perma-
nently, although its intensity varies seasonally
(Shannon, 1985). Below 25°S the upwelling reaches
a maximum intensity during the spring-summer
period and a minimum in autumn; northwards of this
latitude, the upwelling intensity is maximum at the
end of the winter and in spring (Stander, 1964;
Schell, 1968). The main upwelling zone of the
Benguela System is found around Liideritz (27°S)
and represents a border for the migration of organ-
isms. It divides the system into two parts: the south-
ern zone and the northern zone (Shannon, 1985;
Shannon and Pillar, 1986; Agenbag and Shannon,
1988). The more important upwelling areas of the
northern zone of the Benguela System are located at
Conception Bay (24° S), Palgrave Point (between
20° S and 21° S) and to the south of Cape Frio
(between 18° S and 19° S). The area between Walvis
Bay and Palgrave Point represents a transitional
zone characterised by the low intensity of the
upwelling (Fig. 4).

The northern limit of the Benguela System,
between 15° S and 20° S, is an oceanographically
complex zone due to the interaction between the
Benguela and Angola Currents. The convergence
zone of the surface waters of both these currents is
located around 17°S near the coast, and penetrates to
the ocean in a south-west direction (Fig. 4). At the

surface level, the differences of temperature and
salinity between the two water masses are 4°C and
0.4%0 respectively (Shannon, 1985). According to
this author, the latitudinal position of this front also
changes seasonally between 15°S (winter) and 18°S
(March), which causes a warming of the coast of the
extreme north of Namibia in autumn. However,
when the atmospheric conditions are favourable in
the south Atlantic, the warm and relatively more
saline waters from the Angola Current may reach
higher latitudes, which causes a warming in the
northern part of the Benguela System comparable to
the one that the phenomenon El Nifio produces on
the coasts of Peru (Shannon et al., 1986). These
warm water intrusions normally take place in
autumn, when the intensity of the upwelling is lower
(Shannon, 1985). The last great warm water intru-
sions in the Benguela System took place in 1963,
1984 and April 1986. During the last one, the intru-
sion of warm water from Angola reached the near-
ing zones of Cape Cross (Boyd et al., 1987).

Concentration of oxygen and nutrients. One of
the main characteristics of the Benguela System,
and particularly of the Namibian coasts, is the exis-
tence, at depth, of zones where the oxygen concen-
tration in the water is very low (Copenhagen, 1953;
Stander, 1964; Calvert and Price, 1971; Chapman
and Shannon, 1985). This fact has been related to
the death of fishes and other organisms (Stephenson,
1948; Copenhagen, 1953; De Decker, 1970; among
others). According to Chapman and Shannon
(1985), the anoxic water may have a local origin, as
a result of the decomposition of organic material
(the Benguela System is one of the most productive
on Earth), or it may have originated in the centre of
formation of anoxic water facing Angola (Bubnov,
1972). In the first case, the anoxic water is located
over the continental shelf, while in the second, the
water flows to the south following a deep current
that normally reaches 25° S, forming a tongue at
roughly 300 m depth, more or less parallel to the
coastline and near the continental shelf, where it can
settle after being elevated because of the upwelling.
This anoxic water may reach oxygen concentrations
of 1 ml-1"! or lower, which contrast with the 4.8-5.2
ml-1"! (80-85% saturation) of the south Atlantic cen-
tral water (Chapman and Shannon, 1985). The oxy-
gen concentration is higher near the coast due to the
aeration that waves produce (Copenhagen, 1953).
The production and consumption of oxygen and the
concentration of nutrients do not show a clear sea-
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FIG. 5. — Average seasonal sea surface temperature (°C) in the Benguela system: a: summer; b: autumn; c: winter; d: spring. (After Shannon, 1985).

sonal variation, but they depend mainly on the exis-
tence and intensity of the upwelling (Chapman and
Shannon, 1985).

The concentration of nutrients is relatively high
and similar to that of other upwelling areas. Accord-
ing to Chapman and Shannon (1985), the coastal
waters of Namibia have nitrate and phosphate con-
centrations that generally fluctuate between 10 and
30 uM and between 2 and 3 uM respectively. These
values are higher than those of the south Atlantic
central water (10-18 uM of nitrate and 0.8-1.5 uM of
phosphate).

Water temperature. As a result of the upwelling,
the mean seawater temperature of Namibia is rela-
tively low, especially considering that the tropic of
Capricorn crosses the middle of the country. At
Liideritz, where the upwelling is intense and persis-
tent all year round, the mean annual temperature is
13.7°C and the mean temperatures of the coldest and
warmest months during the period 1973-1982 were
12.7°C and 14.8°C respectively (Bolton, 1986).
Northwards, at Walvis Bay, the upwelling is less
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intense and the temperatures slightly higher (15.8°C
mean annual temperature, 14.4°C mean temperature
for the coldest month and 17.9°C mean temperature
for the warmest one; Bolton, 1986). O’ Toole (1980)
produces surface water temperature data for the
northern area of the Benguela System that fluctuate
between 12°C (water from the upwelling) and 22°C
(water from Angola). Seasonally (Boyd and Agen-
bag, 1985; Shannon, 1985), the surface water tem-
perature of the Benguela System shows its lowest
values in winter and spring, the period when the
upwelling is most intense on the Namibian coasts; at
this time, temperatures along the whole of the coast,
and up to 300 km to the open sea, are lower than
16°C. In summer and autumn the cold water area
(temperature below 16°C) is narrower and contracts
southerly, reaching only to Walvis Bay (Fig. 5).
These seasonal variations, based on data for the
period 1968-1980, reflect the changes in insolation,
upwelling, vertical mixing and the intrusion of warm
water from Angola, but dilute the specific effect of
the coastal upwelling (Shannon, 1985). In addition,
we must bear in mind that in the periods when con-



siderable intrusions of warm water occur, the distri-
bution of temperatures along the coast may be dif-
ferent, especially in Namibia (Fig. 6).

Other parameters. In Namibia, as on the rest of
the south Atlantic African coast, tides follow a semi
diurnal pattern, with two periods of high tide and
two periods of low tide within 24 hours. The ampli-
tude of the tide is not great and generally varies
between under 1.5 m (very seldom 1.8 m) during
spring tide and just over one meter during the neap
tide (Lawson et al., 1990).

In general, the coast of Namibia is subject to the
direct and nearly constant action of the waves
(Branch and Griffiths, 1988; Molloy 1990; Lawson
et al., 1990; Engledow et al., 1992) although in the
Liideritz area, at Walvis Bay and at Swakopmund
there are more or less sheltered zones. On the other
hand, and partly due to the high productivity of the
zone, which is made evident by the accumulation of
brownish froth over the sand of some beaches
(Campbell and Bate, 1997), the transparency of the
water is low, especially along the coast of the north-
ern half of the country (Engledow et al., 1992).

Area of study

At the very beginning, when we were planning
how to carry out this study, we intended to sample
several places along the Namibian coast to be able to
offer a general vision of the benthic marine flora of
this country. During the first two campaigns samples
were taken from the localities included in the Skele-
ton Coast National Park and during the third it was
planned to sample the centre and south areas of the
country. Nearly the whole coastline of the southern
half of Namibia is a restricted passage area due to
diamond mining. This limited our sampling zone to
only the Liideritz area, roughly 400 km south of
Walvis Bay. As it was impossible to access this area
from the coast, which obliged us to cover a distance
of nearly 1000 km through the interior of the coun-
try before reaching this locality, and due to the cam-
paign limitations, we decided to sample only the
central zone, between Sandwich Harbour, a small
bay located 40 km south of Walvis Bay, and the
southern end of Skeleton Coast National Park.

Consequently, all samples used in making this
work were collected in localities along the coast
stretching between Walvis Bay and the Kunene
River mouth, totalling roughly 700 km of coast
mainly occupied by dunes and saltpans (Fig.7).
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FIG. 6. — Distribution of the surface temperatures (°C) in the north-
ern Benguela region during the oceanographic survey carried out in
April 1986. (After Pages, 1991).

The coastal area between Walvis Bay and the
entrance of Skeleton Coast National Park (roughly
200 km of coast) is a very popular area for anglers.
Except for Swakopmund city, the colony of seals of
Cape Cross and some inhabited areas, the only
places that have an access to the sea are the zones
where fishing is practised. In general, it is a very
uniform sandy area, with scattered rocky outcrops of
little importance.

The coast of Skeleton Coast National Park, from
the mouth of the Ugab River (roughly 190 km north
of Swakopmund) to the Kunene River mouth, about
500 km in a northward direction, is a restricted
access zone, especially from Terrace Bay, from
which a practically uninhabited coastal band of dif-
ficult access stretches. The southern part, up to Ter-
race Bay, is the most frequented zone, especially by
anglers. On the whole, it is also a very uniform
sandy area, with sparse rocky outcrops. The most
relevant are the ones at Terrace Bay, Mowe Bay,
Rocky point, Cape Frio, Angra Fria and some scat-
tered small groups of rocks to the north.
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Due to the scarcity of the rocky substrata that are
liable to be colonised by vegetable species, we tried
to sample in all the rocky outcrops that we were able
to find. A lot of the sea incursions were unfruitful dur-
ing the search, others only provided drift material
samples, and sometimes we only found some isolated
blocks totally devoid of macroscopic vegetation.

Sampled localities

We will now give a brief description of the sam-
pling localities, indicating some of the more well
represented species for each of them. To this end we
have used the field observations carried out during
the campaigns and the composition of the collected
samples, although they were often collected at ran-
dom and with a mainly floral aim. Thus, we do not
pretend to describe the type of zonation, but we
would like to give a tentative idea of the type of veg-
etation that was developing when we took the sam-
ples, although sometimes the available information
allowed us to indicate the relative position of the
species.
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F1G. 8. — Coastal outline of Walvis Bay area. The white arrow shows
the sampling site.



The Lagoon (Walvis Bay).(Figs. 7, 8). This is a
small, elongated, shallow bay located at the end of
the bay of Walvis Bay that is very frequented by a
high number of aquatic birds. The scant samples
from this locality were collected at the outermost
part of the lagoon, in a very sheltered zone near the
city of Walvis Bay. The bottom was constituted by
free small rocks and the macroscopic vegetation was
mainly formed by Porphyra capensis, Ulva rigida,
Streblocladia corymbifera and Polysiphonia nigra.

Langstrand (Figs. 7, 9). This is a resort area
located near the sea, about 20 km north of Walvis
Bay. The zone is directly open to the sea and contin-
uously beaten by the waves. The particular sampling
place was at the south of a jetty and consisted of a
flat rocky outcrop with some water inlets and some
tide pools. Regarding the vegetation, the eulittoral
zone was predominated by ulvaceae (Ulva spp. and
Enteromorpha spp.), although Porphyra capensis,
Mazzaella capensis, Streblocladia corymbifera and
Caulacanthus ustulatus also were well represented;
Chaetomorpha aerea, Cladophora capensis and
Codium decorticatum were the most abundant
species in the tide pools; the invertebrate fauna was
very well represented, with a great quantity of mus-
sels, sea anemones, limpets and barnacles, that prac-
tically covered all the substratum. Laminaria pallida
was the most abundant species in the upper sublit-
toral zone.

Rocky outcrops 5 km south of Swakopmund
(Figs. 7, 10). This is a rocky platform with water
inlets and tide pools. It is similar to the Langstrand
area, equally oriented to the open sea, but relatively
more extensive, and with less abundant invertebrate
fauna in the eulittoral zone, where the vegetation
was better represented. Porphyra capensis appeared
in a disperse way in the upper part of this zone; in
the lower half, the substratum was almost complete-
ly covered by a dark carpet formed, among other
species, by Ahnfeltiopsis glomerata and Caulacan-
thus ustulatus; Ulva fasciata, U. rigida, Nothogenia
erinacea, Mazzaella capensis, Acrosorium cincinna-
tum, Gymnogongrus sp., Codium fragile subsp.
capense and Chaetomorpha aerea were also fairly
abundant; at the lowest level, Chondria capensis,
Corallina sp., Rhodymenia obtusa and Pterosipho-
nia complanata were also well represented. The
upper sublittoral zone was dominated by a popula-
tion of Laminaria pallida, a species that often bears
Carpoblepharis minima as an epiphyte; in this zone,

FiG. 9. — Langstrand. Two aspects of the sampling site. A. North-
wards view. B. Southwards view.

FiG. 10. — Rocky outcrops at 5 Km southwards from Swakopmund.
A-B. Two aspects of the sampling site.
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FiG. 11. — Rocks sampled at Swakopmund beach.

among other species, there were also Chondria
capensis, Gymnogongrus dilatatus, Rhodymenia
obtusa, Pterosiphonia complanata, Plocamium
rigidum, Cladophora hospita, C. flagelliformis,
Suhria vitatta and Hypnea ecklonii, as well as iso-
lated specimens of Pachymenia carnosa and Schizy-
menia apoda.

Swakopmund beach (Figs. 7, 11). This is the
main beach of this small town completely surround-
ed by the desert. Samples were collected in a limit-
ed rocky zone consisting of dispersed rocks placed
at a short distance north of the lighthouse. Among
the main species found in the eulittoral zone were
Ahnfeltiopsis glomerata, Nothogenia erinacea, Maz-
zaella capensis, Codium decorticatum, Suhria vitat-
ta and Chaetomorpha aerea. A population of Lami-
naria pallida dominated the upper sublittoral zone.

Mile 30 (Fig. 7). This is a sandy coastal zone,
often frequented by anglers, located about 44 km
north of Swakopmund. In this locality only drift
material was collected, mainly represented by Ahn-
feltiopsis vermicularis, Gigartina bracteata,
Gracilariopsis longissima, Hypnea ecklonii, Rhody-
menia spp. and Laminaria pallida, the latter bearing
Carpoblepharis minima, Suhria vitatta and Plo-
camium rigidum as epiphytes.

Mile 32 (Fig. 7). This is a not very extensive
rocky zone located about 3 km north of Mile 30. It
consists of a small group of fairly isolated blocks
with sparse macroscopic vegetation, that were in
general quite covered with sand. The most abundant
species include Gracilariopsis longissima, Ahnfel-
tiopsis vermicularis, A. glomerata, Chondria capen-
sis and Hypnea ecklonii; Gelidium pusillum, Stre-
blocladia camptoclada, Ophidocladus simpliciuscu-
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Fi1G. 12. — Cape Cross: zone northwards from the colony of seals,
with the sampled rocks in the background.

lus and Polysiphonia scopulorum were also well

represented and, as a whole, they formed grass cov-

erings partially covered with sand.

Cape Cross (Figs. 7, 12). This is a rocky zone
completely occupied by one of the biggest colonies
of seals of the Namibian coasts. The particular sam-
pling site was at a short distance north of the colony.
It was a small rocky outcrop that in certain places
was almost totally covered by little mussels. The
vegetation was not abundant, but included Porphyra
capensis, Mazzaella capensis, Gracilariopsis
longissima, Ahnfeltiopsis vermicularis and Hilden-
brandia rubra.

Mile 108 (Figs. 7, 13). Located roughly 165 km
north of Swakopmund, Mile 108 is another of the
main coastal resort zones especially frequented by
anglers. The sampling place consisted of a group of
low rocks that outcrop at the coastal sand. They
were generally incrusted with barnacles and sparse-
ly covered with vegetation. Mazzaella capensis and
Nothogenia erinacea were the most visible veg-
etable species over the emerging rocks, while in the
pools, partially covered with sand, there were Ahn-
feltiopsis vermicularis, Gracilariopsis longissima,
Chaetomorpha aerea, Enteromorpha spp., Taylo-
riella tenebrosa and Streblocladia camptoclada,
among other species.

Terrace Bay (Fig. 7). This is one of the most
visited zones of the Skeleton Coast National Park.
Samples were collected at a small rocky outcrop
where the most abundant species include Porphyra
capensis, Mazzaella capensis, Nothogenia eri-
nacea, Ahnfeltiopsis vermicularis, Caulacanthus
ustulatus, Chordariopsis capensis and Pachy-
menia carnosa.



Mowe Bay (Fig. 7). This is a small bay located
approximately in the central zone of the Park, about
415 km north of Swakopmund.

During the 1986 campaign sampling was carried
out at a rocky outcrop slightly sloping to the sea.
The lower eulittoral zone was dominated by Notho-
genia erinacea, Mazzaella capensis, Aeodes
orbitosa, Caulacanthus ustulatus and Corallina sp.;
further up, Porphyra capensis was the most abun-
dant vegetal species; in the tide pools, the vegetation
was mainly represented by Corallina sp., Ahnfel-
tiopsis vermicularis, Chaetomorpha robusta and
Ulva capensis. The upper sublittoral zone was dom-
inated by a population of Laminaria pallida, among
whose specimens, apart from other species, Plo-
camium rigidum, Pterosiphonia complanata, Taylo-
riella tenebrosa, Corallina sp., Gymnogongrus sp.,
Griffithsia confervoides, Platysiphonia miniata,
Antithamnion diminuatum and Heterosiphonia
crispella developed.

The fauna was the main purpose of the 1988
campaign and sampling focused basically on the
upper sublittoral zone at three particular places of
this locality. A population of Laminaria pallida

Fig. 13. — Mile 108. A. Sampling site. B. Detail of a rock with
Mazzaella capensis and Nothogenia erinacea.

dominated the sampling zone at the three sites. Stre-
blocladia camptoclada, Cladophora hospita and
Aristothamnion collabens were the algal species
best represented among the specimens of Laminar-
ia, apart from those mentioned for the population of
Laminaria pallida sampled in 1986.

Rocky Point (Figs. 7, 14). This represents one of
the main rocky outcrops of the north coast of Namib-
ia. It is a small basaltic promontory that penetrates
into the sea in a north-west direction forming, at its
northern side, a slightly more sheltered area than the
one facing south. Samples were taken from two
places at the promontory, a beaten one, facing south-
wards, and a calmer one, facing north. At the beaten
zone sampling was done in a very slightly sloped
zone, with disperse tide pools. The more abundant
algal species in the eulittoral zone include Notho-
genia erinacea, Aeodes orbitosa, Mazzaella capen-
sis, Chondria capensis, Plocamium rigidum, Streblo-
cladia camptoclada, Caulacanthus ustulatus, Cen-
troceras clavulatum and Tayloriella tenebrosa. In the
sheltered area, samples were collected at a more
sloped zone that produced similar vegetation to that

Fi1G. 14. — Rocky Point. A. Southwards view. B. Laminaria pallida
population located northwards from the promontory.
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of the southern area. Nothogenia erinacea, Ahnfel-
tiopsis vermicularis, A. glomeratus and Gelidium
pusillum were the best represented species in the
eulittoral zone; below there, already in the sublittoral
zone, a population of Laminaria pallida stretched
out, with Chondria capensis, Pterosiphonia com-
planata, Suhria vitatta, Pachymenia carnosa and
Streblocladia camptoclada as the main species
occurring among the specimens of Laminaria.

Cape Frio (Fig. 7). This is a rocky outcrop of
basaltic nature occupied by a colony of seals. The
samples were collected in a steep zone facing north-
west. Aeodes orbitosa, Mazzaella capensis, Streblo-
cladia camptoclada, Hapalospongidion sp. and
Cladophora capensis were highlighting among the
barnacles and mussels of the eulittoral zone; below,
and partially covered by the sand, there were Ahn-
feltiopsis vermicularis, A. glomeratus, Streblocladia
camptoclada, Hapalospongidion sp. and Cladopho-
ra capensis, as well as other less abundant species
such as Mazzaella capensis, Gymnogongrus sp. and
Grateloupia doryphora. The substratum was sandy
and devoid of macroscopic vegetation below that.

Angra Fria. (Figs. 7, 15). This is a rocky outcrop
of granitic origin consisting of rocks of various sizes
generally located over the eulittoral zone. The sam-
ples were collected at different blocks, one of which
was relatively high and sloped towards the sea.
Here, the vegetation was mainly represented by
Aeodes orbitosa, Pachymenia carnosa, Mazzaella
capensis, Ahnfeltiopsis glomerata, Chondria capen-
sis and Streblocladia camptoclada, which were at
the lowest part forming a band partially covered by
sand. At the lower and not so sloping blocks, there
was mainly Porphyra capensis.

Rocky outcrop placed roughly 29 km south of the
Kunene River mouth (Fig. 7). Between Angra Fria
and the mouth of the Kunene River, the coast is
mainly sandy although there are several not very
important rocky outcrops distributed along this
extension. One of them was sampled during the
1986 campaign. It is a rocky platform partially cov-
ered by the sand roughly 29 km south of the Kunene
River mouth. In the eulittoral zone, the vegetation
was dominated by Nothogenia erinacea, Mazzaella
capensis, Ahnfeltiopsis vermicularis, Gracilariopsis
longissima and Hypnea sp., and also by other small-
er species (Gelidium pusillum, Streblocladia camp-
toclada, Tayloriella tenebrosa, Centroceras clavula-
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FIG. 15. — Angra Fria. One of the sampled blocks, with Mazzaella
capensis.

tum, Ophidocladus simpliciusculus and Polysipho-
nia scopulorum) that formed grass coverings more
or less covered by sand. Among the best represent-
ed species in the upper sublittoral zone were Hypnea
spicifera, Chondria capensis, Codium decorticatum,
Plocamium glomeratum, Pachymenia carnosa, Hyp-
nea ecklonii and Streblocladia camptoclada.

METHODOLOGY
Sampling

This study was performed with samples collect-
ed in three sampling campaigns carried out between
1986 and 1989. They were included in the frame-
work of a research programme of the Institut de
Ciencies del Mar of Barcelona (CSIC) about the
“Fisheries in Austral Africa”. During the first cam-
paign, which took place in February 1986, the north-
ern zone of Namibia was sampled, specifically the
localities of Terrace Bay, Mowe Bay, Rocky point,
Cape Frio, Angra Fria and South Kunene, all of
them included in the Skeleton Coast National Park
(Fig. 7). The second campaign was carried out in
February 1988 by non-algal researchers and consist-
ed in sampling only the M&éwe Bay zone (Mowe
Bay, Cala Poste and Suider Kust). Finally, we pro-
grammed and carried out the third campaign, which
took place in July 1989, and in which the localities
of Walvis Bay, Langstrad, Swakopmund, Mile 30,
Mile 32, Cape Cross and Mile 108 were sampled.
They are all located on the central coast of Namibia,
between Walvis Bay and the southern end of the
Skeleton Coast National Park (Fig. 7).

We followed the nomenclature proposed by Liin-
ing (1990) for the zonation, which subdivides the



euphotic zone into supralittoral, eulittoral and sub-
littoral, and the latter into upper sublittoral, midsub-
littoral and lower sublittoral.

Most of the samples used for the production of
this work were collected in the eulittoral zone and in
the upper part of the upper sublittoral zone of the
different localities studied. The particular hydrody-
namic conditions of the geographical area, as well as
the high turbidity of the seawater, did not allow us to
carry out an exhaustive sampling of the sublittoral
zone. The rest of the samples were obtained by col-
lecting the material deposited on the beaches (drift
material).

Sampling was carried out, when the circum-
stances made it possible, during the low tide period.
The samples were obtained by the collection of iso-
lated specimens or by scraping an indeterminate and
variable surface of the substratum, using a hammer
and a chisel when the kind of substratum required
such a process. At Rocky Point it was possible to
sample up to approximately 2 m depth, using in that
case goggles, snorkel and a neoprene suit. Notes
were taken about the general ecological conditions
of the zone and the placement and the description of
the particular sampling sites, in addition to the habit-
ual field data, such as locality, date, etc. Samples
were introduced in plastic bags, fixed with formalin,
labeled, and stored in hermetic containers for trans-
port to the laboratory, where they were processed
and studied.

Sample processing

Each sample was divided into several subsamples
according to the taxonomic group (genus, or less
frequently family) to which the specimens belonged.
This selection required some knowledge of the local
flora, which was partly acquired through the global
study of some samples from the first campaign. This
was done in a macroscopic manner or with the use
of a stereomicroscope, generally without separating
the epiphytes from the supporting plant. In some
cases, though, the amount and size of epiphytes
made the separation possible. Then, the supporting
plant was noted in the subsample. For each subsam-
ple (identified by a code comprising its origin sam-
ple number) the locality, the date, and when consid-
ered necessary, the type of microhabitat where they
were found, were specified. Consequently, on sever-
al occasions, this selection originated subsamples
constituted by groups of little abundant species that
were difficult to separate, as well as subsamples

with specimens that could not be assigned to any
genus or family. A database was created with all this
information in order to classify the several subsam-
ples in taxonomic groups. This is the way the sub-
samples were later studied.

The study of the subsamples consisted of the
description of the morphological, anatomical and, in
some cases, the reproductive structures of the differ-
ent taxa. The first step was to make a detailed mor-
phological description of enough specimens to be
able to assess their variation, using the light micro-
scope or the stereoscopic one when necessary. Sub-
sequently, the most representative specimens (size,
preservation, type of reproductive structures) were
chosen for a detailed microscopic observation and to
carry out a study of their anatomy and their repro-
ductive structures. The anatomic study consisted of
the analysis of the transversal and longitudinal sec-
tions made at the medium zone of the plant. As a
general rule, the sections were either done at free-
hand and with the help of the stereomicroscope or
by means of a freezing microtome. However, for the
crustose corallinaceae, decalcified fragments of the
plant were included in resin to obtain blocks, from
which sections were made by means of an ultrami-
crotome. A solution of 10% nitric acid was used to
decalcify the material. We used the following proto-
col to obtain the blocks:

- Fixation of the sample in a solution of 2.5%
glutaraldehyde/seawater at room temperature.

- Washing the sample in seawater in order to
eliminate the glutaraldehyde.

- Post fixation of the sample with a solution of
2% Os0 /seawater at room temperature.

- Dehydration of the sample by immersing it for
10-15 minutes in successive solutions of increasing
acetone concentrations in distilled water: 50%, 70%,
90%, 96% and 100%.

- Infiltration with Spurr resin by immersion of
the sample in successive acetone/Spurr solutions
with a increasing proportion of Spurr: 5 hours in
acetone:Spurr (3:1); 24 hours in acetone:Spurr (2:2);
24 h in acetone:Spurr (1:3); 3 days in pure resin. The
whole infiltration process was done at 4°C.

- Preparation of blocks by means of silicone
moulds placed in a heater at 60°C for 48 hours.

In general, the microscopy slides were observed
without adding colouring, although lugol or methyl-
ene blue were used to highlight some structures. The
different kinds of cells, the reproductive structures
and other anatomical features were measured. In
each case, and as a general rule, ten measures were
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taked and the final result was expressed as a varia-
tion interval. In addition, certain morphological or
anatomical characteristics of the studied specimens
were drawn by means of a camera lucida or pho-
tographed. Permanent microscopy slides were made
for some species, using glycerogelatin as a mount-
ing medium to which a small amount of formalin
was added when the slide was made.

The main part of the studied material was pressed
and stored as a herbarium sheet. The small-sized
species that could not be pressed and some speci-
mens or representative fragments of the large
species were stored in labelled and numbered vials,
in 4% formalin/seawater. Some microscopic species
were kept as permanent microscopy slides. The larg-
er Laminaria pallida specimens were immersed in a
solution of 50% formalin/seawater (4%) and glycer-
ine for some months; later, they were left to dry in
the fresh air and were stored in plastic bags. All this
material is deposited at the Herbarium of the Botany
Laboratory of the Faculty of Pharmacy of the Uni-
versity of Barcelona (BCF-A). However, some
duplicates were given to researchers from other
institutions.

As a result of the study of each subsample, a card
was created for each taxon to record the provisional
name of the taxon, the subsample number, the local-
ity, the date, the data to find it in the future (herbar-
ium, photograph, microscopy slide, and container
numbers), habitat and morphological, anatomical
and reproduction data. This information has been
compiled in a database.

A final description was made with the informa-
tion from the several cards of each taxon. It was
structured in the following sections: habit and vege-
tative structure, reproduction, habitat, Namibian dis-
tribution, selected specimens, world distribution and
references. The first two sections included the mor-
phological and anatomical variation of the species at
the different localities where we collected it; when
we considered that the specimens from a locality
differed significantly in some aspect from the ones
of other localities, we made a remark at the end of
the description. The habitat description was done in
a rough way, because the coastal morphology (very
homogeneous) and the width of the eulittoral zone
(relatively small due to the sparse amplitude of the
tide) did not define many different types of habitat.

The ultimate identification of the species was
generally a slow task, mainly due to the fact that the
marine benthic flora of Namibia, and until recently
the South African one, were sparsely documented.
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This made us often resort to the classical works or
the original descriptions of the species and, in gen-
eral, to bibliography from other geographical areas.
This allowed us to obtain a wider concept of the
species, which made us realise, in many cases, the
need to carry out worldwide taxonomical revisions.
All the determinations were revised with the study
of Stegenga et al. (1997), a monographic work about
the seaweeds of the South African west coast. We
only used herbarium material to corroborate our
determinations in some exceptional occasions. In
this sense, we borrowed some material from BOL
herbarium (Herbarium of the Botany Department of
the University of Cape Town) and MICH herbarium
(Herbarium of the University of Michigan, Ann
Arbor). Likewise, we have sent material of some
taxonomic groups (corallinaceae and Codium) to
specialists, so that they would revise our identifica-
tions.

CATALOGUE OF MARINE BENTHIC ALGAE
OF NAMIBIA

In this section we produce the catalogue of
marine benthic algae of Namibia that correspond to
the classes Rhodophyceae, Phaeophyceae, Ulvo-
phyceae, Cladophorophyceae and Bryopsido-
phyceae. We have followed the same criteria used at
the systematic treatment (page 31) for the nomen-
clature and taxon order. We only indicate the correct
names according to the current taxonomy. When a
taxon was cited using another name, a note at the
end of the catalogue indicated so.

The catalogue was made from the bibliographic
citations and the data shown in the systematic sec-
tion of this study. The study of Lawson et al. (1990)
is the most outstanding one among the bibliograph-
ic references. In this work, the authors produce the
first list of marine seaweeds of Namibia. It is a list
of taxa made from data originating from both bibli-
ography and the collection of the authors. For each
taxon, the authors indicate the localities where it had
been cited and if such is the case the study referred
in the citation. Apart from the work of Lawson et al.
(1990), that was the basis for the elaboration of the
catalogue, we also took into account the following
studies: Molloy (1990), Anderson and Bolton
(1990), Rull Lluch and Gémez Garreta (1993),
Chamberlain (1994, 1996), Chamberlain and Keats
(1994, 1995), Keats and Chamberlain (1995), Law-
son et al. (1995), Molloy and Bolton (1995), Ste-



genga et al. (1997), Keats and Maneveldt (1997) and
Engledow (1998).

In the study by Lawson et al. (1990), a consider-
able number of taxa are identified only at a genus
level. Although the authors indicate that the speci-
mens referred to in their citations are deposited at
the BOL herbarium, they neither specify the herbar-
ium number nor refer to the description of the mate-
rial assigned to these taxa. We have, therefore, pre-
ferred not to include them in the catalogue. Howev-
er, we took into account the taxa indicated at a genus
or family level from other bibliographic resources or
from our own data, when they were supported by
herbarium sheets or more or less extensive descrip-
tions.

The taxa from Namibia that had not been previ-
ously cited appear in bold letters in the catalogue. In
addition, the cited species from Namibia that we did
not identify in the material from our collections
were marked with an asterisk (*) in the catalogue.
Finally we wrote a number into brackets after a tax-
on’s name when we considered it necessary to add
an explanation or a comment. This number refers to
a note at the end of the catalogue.

Our catalogue of marine benthic algae has 242
taxa (180 Rhodophyceae, 28 Phaeophyceae, 16
Ulvophyceae, 9 Cladophorophyceae and 9 Bryopsi-
dophyceae), 14 of which (13 Rhodophyceae and 1
Phaeophyceae) were only identified at a genus or
family level and 7 (6 Rhodophyceae and 1 Phaeo-
phyceae) tally with species for which there are nei-
ther indications of their local distribution (the
authors only point out that they were found in
Namibia) nor references to any work from which the
citations could be made. These 7 taxa are: Gelidium
pteridifolium, Leptophytum ferox, Mesophyllum
engelhartii, Spongites discoideus, Plocamium coral-
lorhiza, Bostrychia mortiziana and Myriogloea
papenfussii. We have also included the following 22
species, the presence of which must be confirmed, in
the catalogue: Erythrocladia cf. polystromatica,
Gelidium cf. latifolium, Gelidium micropterum,
Gelidium cf. reptans, Cryptonemia hibernica prox.,
Euhymenia schizophylla, Lomentaria patens,
Rhodymenia cf. holmesii, Ceramium capense, C.
obsoletum, Haraldiophyllum bonnemaisonii prox.,
Platysiphonia delicata, Pterosiphonia cf. den-
droidea, Asteronema cf. rhodochortonoides, Ecto-
carpus cf. acutus, ?Zonaria tempta, Chordaria fla-
gelliformis, Laminaria digitata f. ensifolia, L.
ochroleuca, Stromatella cf. monostromatica,
Cladophora cf. dalmatica and Cladophora cf.

sericea. Finally we also took Onikusa pristoides,
Chaetomorpha linum and Codium duthieae into
account when we made this catalogue. As far as we
are concerned, these three species should be exclud-
ed from the flora of benthic seaweeds of Namibia,
(see the notes referring to these taxa in the cata-
logue). All these taxa (totalling 46) were included in
the catalogue only for the sake of providing infor-
mation, but we think that they should not be taken
into account in biogeographic studies that use the
species as a unity, at least until their identification is
completed or their presence in Namibia confirmed.

Consequently, if we do not count these 46 taxa,
the marine benthic flora of Namibia would be repre-
sented, at least in biogeographical terms, by 196
taxa distributed as follows: 147 Rhodophyceae
(75%), 20 Phaeophyceae (10.2%), 15 Ulvophyceae
(7.6%), 6 Cladophorophyceae (3.1%) and 8 Bryop-
sidophyceae (4.1%). From these 196 taxa, 21 (14
Rhodophyceae, 4 Phaeophyceae, 2 Ulvophyceae
and 1 Bryopsidophyceae; a 10.7%) had not been
previously cited from the Namibian coasts and 91
(67 Rhodophyceae, 11 Phaeophyceae, 7 Ulvo-
phyceae, 1 Cladophorophyceae and 5 Bryopsido-
phyceae; a 46.4%) were not identified among our
samples. From this last group, 41 (the 45.1%) have
been only cited hitherto in the south of the country
(from Elisabeth Bay to Hottentot Bay). This area
includes the most extensive rocky zone of the coasts
of Namibia and is the place with the greatest variety
of habitats. From the remaining 50 taxa, Gracilari-
opsis lemaneiformis, Gracilaria gracilis, Gratelou-
pia longifolia, Sarcothalia radula, Chylocladia
capensis, Antithamnion eliseae, Heterosiphonia
crispa, Polysiphonia urbana, Pterosiphonia cloio-
phylla, Endarachne binghamiae and Bryopsis
plumosa are very similar species to others that were
identified among our samples (Gracilariopsis
longissima, Gateloupia doryphora, Gigartina
bracteata, Gastroclonium reflexum, Antithamnion
diminuatum var. polyglandulum, Heterosiphonia
crispella, Polysiphonia nigra, Pterosiphonia com-
planata, Petalonia fascia and Bryopsis hypnoides,
respectively) with which they could be mistaken
(see comments referring to these species at the sys-
tematic section of this study). In addition, Ahnfel-
tiopsis complicata and Basispora africana (these
species has not been identified among our samples)
and the specimens described in the present study as
Gymnogongrus sp. (page 88) and Hapalospongidion
sp. (page 166) respectively, will probably represent
the same taxa.
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The fact that our study area was the northern half
of the country could partly explain why we did not
find some species among our samples. In addition,
the fact that we sampled nearly exclusively the eulit-
toral zone, and only did so at certain periods of the
year (summer and winter), and also the possibility
that Namibia’s marine flora varies depending on the
year as a result of the oscillation of the confluence
of the Benguela and Angola currents, may help to
explain why we did not find all the species cited
hitherto from Namibia.

In Figure 16 the distribution of the number of
taxa along the coasts of Namibia can be seen. The
proportion of the taxa that had been previously cited
to the ones that account for the new citations is indi-
cated at the sampled localities. As can be seen,
Swakopmund is the area with the largest specific
richness, with 108 taxa (the 55.1% of the flora). This
locality, placed at the central coast of Namibia, has
been from ancient times the most important tourist
coastal zone of the country and probably the most
easily accessible one. In addition, it comprises a
zone with relatively calm waters and two quite
extensive rocky outcrops. It is highly probable that
the combination of these factors accounts for the
high specific richness observed at this locality. Other
localities that produce a comparatively high number
of taxa are: Liideritz (86 taxa; 43.9% of the flora),
Mowe Bay (69 taxa; 35.2% of the flora) and Rocky
Point (66 taxa; 33.7% of the flora). Liideritz and
Rocky Point are the most important rocky areas of
the coasts of Namibia. On the south coast, Liideritz
is located at the most extensive rocky area of the
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country, which includes small islands and several
bays (Fig. 2). Although nowadays it is a vastly stud-
ied area from the exploitation of the marine veg-
etable resources point of view (Rotmann, 1987;
Critchley et al., 1991; Molloy and Bolton, 1995;
Molloy, 1998), the main part of the flora data from
this locality arises from a field excursion carried out
in 1957. It is important to point out, however, that
new records have been recently added to this area by
Engledow (1998). The ecological features of this
zone (colonisable substratum and relatively impor-
tant habitat diversity) makes one think that future
studies will possibly enlarge the number of taxa in
this area. On the other hand, the high number of taxa
observed at Rocky Point and Mowe Bay could be
explained not only because of the relative impor-
tance of the rocky substratum but also by the fact
that the upper sublittoral zone of these localities was
relatively more sampled. Elisabeth Bay (at the south
of Liideritz) and Terrace Bay and South Kunene (at
the northern coast of Namibia) also have relatively
high species richness (18-22% of the flora) while at
the rest of the localities the number of taxa does not
go over the 15% of the flora.

In general, the distribution of the number of taxa
at the coasts of Namibia does not seem to be signif-
icantly conditioned by the latitude, but would prob-
ably be more limited by the availability of colonis-
able substratum, the habitat diversity and the inten-
sity of the study. Consequently, the localities with
larger species richness correspond to the areas
where the rocky substratum is better represented and
allows differentiating relatively calmer zones. At the



Liideritz area (Grossebucht, Halifax Bay, Diaz
Point, Liideritz and Agate Beach) the variation in the
number of species may be the result of a different
sampling intensity at the several localities, most
probably related to the environmental conditions
and the possibilities of access.

Namibia has a relatively poor marine benthic
flora with 196 taxa. In this sense it is more compa-
rable to that of Angola (123 taxa) than to that of the
Atlantic coast of South Africa (357 taxa once the
doubtful taxa and the taxa recorded at supraspecific
level have been deducted). It is important to point
out, however, that the South African Atlantic coast
includes the transitional zone between the flora of
Benguela and that of Agulhas (Cape Agulhas to
Cape of Good Hope), which increases considerably
the number of taxa in this area. This poverty is prob-
ably due to the scarcity of colonisable substratum
and to the sparse habitat diversity that an extremely
homogeneous coast, like the one of Namibia, offers
to the species. In addition, the reduced tide width
(between 1 and 1.5 meters) is another factor to take
into account when explaining the flora poorness,
because it limits the extension of the eulittoral zone,
from where most citations originate. On the other
hand, the kinds of coast and the particular environ-
mental conditions involved have not permitted a suf-
ficient exploration of the sublittoral zone. In addi-
tion, although in some places it has anoxic condi-
tions as a result of the prevailing high production, its
study would certainly enlarge in a substantial way
the number of flora species. Finally, the convergence
of the cold waters from Benguela and the warm
waters from Angola must also be taken into account.
It changes in latitude depending on the period of the
year and also depending on the year itself, affecting
the coastal water temperature, and possibly the flora
composition. Thus, when the front has a southern
position, the northern coast of Namibia may have a
greater number of species with tropical affinity, and
a lot of the temperate species (more common when
the front has a northern position) would remain at
depth or as in a resting phase (perennial stages as a
crust or filaments). Something similar happens at
North Carolina where, during winter the Gulf
Stream withdraws from the coast, but comes closer
during summer. Consequently, the flora is dominat-
ed by cold-temperate species during winter and
spring while in summer and autumn the dominant
species are warm-temperate (P. Silva, pers. com.).
Some authors have introduced the concept of
migrating floras to refer to this fact. However, P.

Silva (pers. com.) considers that floras do not
migrate, but there is a third biogeographic dimen-
sion, the depth, where species take refuge during
unfavourable periods.

Catalogue

Rhodophyta
Rhodophyceae

Bangiophycidae
Porphyridiales
Porphyridiaceae
Stylonema alsidii (Zanardini) K. Drew
Stylonema cornu-cervi Reinsch

Erythropeltidales
Erythrotrichiaceae
* Erythrocladia cf. polystromatica Dangeard (1)
* Erythrotrichia boryana (Montagne in Durieu
de Maisonneuve) Berthold
* Erythrotrichia welwitschii (Ruprecht) Batters
*Sahlingia subintegra (Rosenvinge) Kornmann (2)

Bangiales
Bangiaceae
Porphyra capensis Kiitzing
Porphyra saldanhae Stegenga, Bolton and
Anderson
Porphyra sp. (page 37)

Florideophycidae
Acrochaetiales
Acrochaetiaceae
Acrochaetium catenulatum Howe (3)
Acrochaetium daviesii (Dillwyn) Nigeli (4)
Acrochaetium endophyticum Batters (5)
* Acrochaetium moniliforme (Rosenvinge)
Borgesen
Acrochaetium reductum (Rosenvinge) Hamel
Acrochaetium secundatum (Lyngbye) Nigeli (6)
Acrochaetium sp. (page 43)
* Audouinella hypneae (Bgrgesen) Lawson and
John (7)
* Colaconema plumosum (Drew) Woelkerling (8)

Palmariales
Rhodothamniellaceae
Rhodothamniella floridula (Dillwyn) J.
Feldmann
Nemaliales
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Galaxauraceae
Nothogenia erinacea (Turner) Parkinson (9)
*Nothogenia ovalis (Suhr) Parkinson

Gelidiales
Gelidiaceae
*Gelidium cf. latifolium (Greville) Bornet and
Thuret (10)
*Gelidium micropterum Kiitzing (11)
Gelidium pusillum (Stackhouse) Le Jolis
* Gelidium pteridifolium R. Norris, Hommersand
and Fredericq (12)
*Gelidium cf. reptans (Suhr) Kylin (10)
*Onikusa pristoides (Turner) Akatsuka (13)
Suhria vittata (Linnaeus) Endlicher

Gracilariales

Gracilariaceae (14)
*Gracilaria gracilis (Stackhouse) Steentoft, L.
Irvine and Farnham
*Gracilariopsis lemaneiformis (Bory de Saint
Vincent) Dawson, Acleto and Foldvik

Gracilariopsis longissima (S. Gmelin)

Steentoft, L. Irvine and Farnham

Halymeniales
Halymeniaceae
Aeodes orbitosa (Suhr) Schmitz
*Cryptonemia hibernica Guiry and
L. Irvine prox. (15)
Grateloupia doryphora (Montagne) Howe
Grateloupia filicina (Lamouroux) C. Agardh
*Grateloupia longifolia Kylin (16)
Pachymenia carnosa (J. Agardh) J. Agardh
* Pachymenia cornea (Kiitzing) Chiang (17)
Phyllymenia belangeri (Bory de Saint Vincent)
Setchell and Gardner
*Polyopes constrictus (Turner) J. Agardh

Hildenbrandiales
Hildenbrandiaceae
Hildenbrandia crouanii J. Agardh
Hildenbrandia rubra (Sommerfelt) Meneghini

Corallinales

Corallinaceae

*Arthrocardia carinata (Kiitzing) Johansen

* Arthrocardia filicula (Lamarck) Johansen (18)

*Arthrocardia palmata (Ellis and Solander)
Areschoug

Corallina sp. (page 62)
*Corallina sp. (19)
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* Heydrichia groeneri Keats and Chamberlain
* Leptophytum ferox (Foslie) Chamberlain and
Keats (20)
* Leptophytum foveatum Chamberlain and Keats
Lithophyllum neoatalayense Masaki
Melobesia membranacea (Esper) Lamouroux
*Mesophyllum engelhartii (Foslie) Adey (21)
*Spongites discoideus (Foslie) Penrose and
Woelkerling (22)
Synarthrophyton munimentum Keats and
Maneveldt
Corallinaceae ind. (page 68)

Gigartinales
Caulacanthaceae
Caulacanthus ustulatus (Turner) Kiitzing
Heringia mirabilis (C. Agardh) J. Agardh

Cystocloniaceae
Rhodophyllis reptans (Suhr) Papenfuss

Gigartinaceae
* Chondracanthus teedei (Mertens ex Roth)
Kiitzing (23)
Gigartina bracteata (S. Gmelin) Setchell and
Gardner
*Iridaea elongata Suhr (24)
Mazzaella capensis (J. Agardh) Fredericq
*Sarcothalia radula (Esper) Edyvane and
Womersley (25)
*Sarcothalia scutellata (Hering) Leister (26)
*Sarcothalia stiriata (Turner) Leister (27)

Hypneaceae
Hypnea ecklonii Suhr (28)

* Hypnea musciformis (Wulfen) Lamouroux
Hypnea spicifera (Suhr) Harvey

* Hypnea tenuis Kylin
Hypnea sp. (page 81)

Kallymeniaceae
* Euhymenia schizophylla Kiitzing (29)
* Kallymenia agardhii R. Norris
Kallymenia schizophylla J. Agardh
* Pugetia harveyana (J. Agardh) R. Norris
* Thamnophyllis discigera (J. Agardh) R. Norris

Peyssonneliaceae
* Peyssonnelia atropurpurea P. Crouan and H.

Crouan (30)

Phyllophoraceae



* Ahnfeltiopsis complicata (Kiitzing) P. Silva
and DeCew (31)
Ahnfeltiopsis glomerata (J. Agardh) P. Silva
and DeCew (32)
* Ahnfeltiopsis polyclada (Kiitzing) P. Silva
and DeCew (33)
Ahnfeltiopsis vermicularis (C. Agardh) P.
Silva and DeCew (34)
Gymnogongrus dilatatus (Turner) J. Agardh (35)
Gymnogongrus sp. (page 88)
*Schottera nicaeénsis (Lamouroux ex Duby)
Guiry and Hollenberg

Sarcodiaceae
*Trematocarpus flabellatus (J. Agardh) De Toni
*Trematocarpus fragilis (C. Agardh) De Toni

Schizymeniaceae
Schizymenia apoda (J. Agardh) J. Agardh (36)
Haematocelis epiphytica Baardseth “stadium”
* Haematocelis sp. (37)

Plocamiales

Plocamiaceae

* Plocamium cartilagineum (Linnaeus) Dixon (38)

* Plocamium corallorhiza (Turner) J. Hooker

and Harvey (39)

* Plocamium cornutum (Turner) Harvey
Plocamium glomeratum J. Agardh

* Plocamium maxillosum (Poiret) Lamouroux
Plocamium rigidum Bory de Saint-Vincent

* Plocamium suhrii Kiitzing

Rhodymeniales
Champiaceae
*Champia lumbricalis (Linnaeus) Desvaux
*Chylocladia capensis Harvey
Gastroclonium reflexum (Chauvin) Kiitzing

Lomentariaceae
* Lomentaria patens Kiitzing (40)

Rhodymeniaceae
Rhodymenia capensis J. Agardh (41)
* Rhodymenia cf. holmesii Ardissone (42)
*Rhodymenia linearis J. Agardh (43)
Rhodymenia natalensis Kylin
Rhodymenia obtusa (Greville) Womersley (44)
* Rhodymenia pseudopalmata (Lamouroux)
P. Silva
Rhodymeniaceae ind. (page 102)

Ceramiales
Ceramiaceae
Aglaothamnion hookeri (Dillwyn) Maggs and
Hommersand (45)
* Anotrichium tenue (C. Agardh) Nigeli
* Antithamnion densum (Suhr) Howe (46)
* Antithamnion eliseae R. Norris
Antithamnion diminuatum Wollaston
var. diminuatum Wollaston
var. polyglandulum Stegenga
Antithamnion secundum Itono
* Antithamnionella australis Baardseth
Antithamnionella verticillata (Suhr) Lyle
Aristothamnion collabens (Rudolphi) Papenfuss
Ballia sertularioides (Suhr) Papenfuss
Bornetia repens Stegenga
* Carpoblepharis flaccida (Lamouroux) Kiitzing
Carpoblepharis minima Barton
Centroceras clavulatum (C. Agardh) Montagne
Ceramium arenarium Simons
Ceramium atrorubescens Kylin
* Ceramium capense Kiitzing (47)
*Ceramium diaphanum (Lightfoot) Rhoth
Ceramium flaccidum (Kiitzing) Ardissone (48)
*Ceramium obsoletum C. Agardh (47)
Ceramium planum Kiitzing
Ceramium sp. (page 120) (49)
* Euptilota pappeana Kiitzing
Griffithsia confervoides Suhr
* Lomathamnion humile (Kiitzing) Stegenga
Microcladia gloria-spei Stegenga
Pleonosporium filicinum (Harvey ex J.
Agardh) De Toni
* Pleonosporium harveyanum (J. Agardh) De
Toni
Ptilothamnion polysporum Gordon-Mills
and Wollaston (50)

Dasyaceae
*Dasya scoparia Harvey
* Heterosiphonia crispa (Suhr) Falkenberg (51)
Heterosiphonia crispella (C. Agardh) Wynne
var. crispella (C. Agardh) Wynne
var. laxa (Bgrgesen) Wynne
Heterosiphonia dubia (Suhr) Falkenberg
* Heterosiphonia pellucida (Harvey) Falkenberg

Delesseriaceae
*Acrosorium acrospermum (J. Agardh) Kylin
Acrosorium cincinnatum Wynne
* Acrosorium maculatum (Sonder ex Kiitzing)
Papenfuss
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* Botryocarpa prolifera Greville
*Botryoglossum platycarpum (Turner) Kiitzing
*Cryptopleura calophylloides (J. Agardh)
Wynne
*Delesseria papenfussii Wynne
* Haraldiophyllum bonnemaisonii (Greville)
Zinova prox. (52)
* Hymenena venosa (Linnaeus) Krauss
Myriogramme livida (Hooker and Harvey)
Kylin
* Neuroglossum binderianum Kiitzing
* Platysiphonia delicata (Clemente y Rubio)
Cremades (53)
Platysiphonia intermedia (Grunow) Wynne
Delesseriaceae ind. 1. (page 135)
Delesseriaceae ind. 2. (page 136)

Rhodomelaceae
*Bostrychia moritziana (Sonder ex Kiitzing) J.
Agardh (54)
*Bostrychia scorpioides (Hudson) Montagne
ex Kiitzing (55)
Chondpria capensis (Harvey) Askenasy
* Herposiphonia didymosporangia Stegenga
and Kemperman
* Herposiphonia heringii (Harvey) Falkenberg
Ophidocladus simpliciusculus (P. Crouan and
H. Crouan) Falkenberg
Placophora binderi (J. Agardh) J. Agardh
* Placophora monocarpa (Montagne) Papenfuss
Polysiphonia incompta Harvey
Polysiphonia namibiensis Stegenga and Engledow
Polysiphonia nigra (Hudson) Batters (56)
Polysiphonia scopulorum Harvey
* Polysiphonia urbana Harvey
Polysiphonia virgata (C. Agardh) Sprengel (57)
* Polysiphonia sp. (58)
* Pterosiphonia cloiophylla (C. Agardh)
Falkenberg (59)
Pterosiphonia complanata (Clemente y
Rubio) Falkenberg
Pterosiphonia cf. dendroidea (Montagne)
Falkenberg (page 153)
Streblocladia camptoclada (Montagne)
Falkenberg
Streblocladia corymbifera (C. Agardh) Kylin
Tayloriella tenebrosa (Harvey) Kylin

Rhodophyceae of uncertain position
Aiolocolax pulchellus Pocock
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Chromophyta
Phaeophyceae
Ectocarpales
Ectocarpaceae
* Asteronema cf. rhodochortonoides (Bgrgesen)
D. Miiller and Parodi (60)

* Ectocarpus cf. acutus Setchell and Gardner (61)
Ectocarpus fasciculatus Harvey

* Ectocarpus siliculosus (Dillwyn) Lyngbye
Feldmannia irregularis (Kiitzing) G. Hamel
Hincksia granulosa (J. E. Smith) P. Silva

Pilayellaceae
Bachelotia antillarum (Grunow) Gerloff

Ralfsiaceae

* Basispora africana John and Lawson (62)
Hapalospongidion sp. (page 166)
Ralfsia expansa (J. Agardh) J. Agardh
Stragularia clavata (Harvey) G. Hamel

Sphacelariales
Stypocaulaceae
*Stypocaulon funiculare (Montagne) Kiitzing

Dictyotales
Dictyotaceae
* ?Zonaria tempta (63)

Chordariales
Chordariaceae
*Chordaria flagelliformis (O. F. Miiller) C.
Agardh (64)
*Mpyriogloea papenfussii Kylin (65)
* Papenfussiella gracilis Kylin

Chordariopsidaceae
Chordariopsis capensis (C. Agardh) Kylin

Corynophlaeaceae
* Leathesia difformis (Linnaeus) Areschoug

Splachnidiaceae
*Splachnidium rugosum (Linnaeus) Greville

Scytosiphonales
Scytosiphonaceae
* Colpomenia sinuosa (Mertens ex Roth) Derbes
and Solier
* Endarachne binghamiae J. Agardh
Petalonia fascia (O. F. Miiller) Kuntze (66)
*Scytosiphon lomentaria (Lyngbye) Link



Desmarestiales
Desmarestiaceae
* Desmarestia firma (C. Agardh) Skottsberg (67)

Laminariales
Alariaceae
* Ecklonia maxima (Osbeck) Papenfuss (68)

Laminariaceae

* Laminaria digitata £. ensifolia (Kiitzing) Foslie (69)

* Laminaria ochroleuca Pylaie (70)
Laminaria pallida Greville (71)

Chlorophyta
Ulvophyceae
Ulvales

Chaetophoraceae
Entocladia leptochaete (Huber) Burrows

* Entocladia vagans (Bgrgesen) W.R. Taylor

* Entocladia viridis Reinke

*Stromatella cf. monostromatica (P. Dangeard)

Kornmann and Sahling (72)

Ulvella lens P. Crouan and H. Crouan

Ulvaceae

* Enteromorpha atroviridis (Levring) Wynne

* Enteromorpha bulbosa (Suhr) Montagne
Enteromorpha flexuosa (Wulfen) J. Agardh (73)
Enteromorpha intestinalis (Linnaeus) Nees (74)
Enteromorpha linza (Linnaeus) J. Agardh

* Enteromorpha prolifera (O.F. Miiller) J.

Agardh

Ulva capensis Areschoug
Ulva fasciata Delile

*Ulva nematoidea Bory de Saint-Vincent (75)

*Ulva rhacodes (Holmes) Papenfuss
Ulva rigida C. Agardh (76)

Cladophorophyceae
Cladophorales
Cladophoraceae
Chaetomorpha aerea (Dillwyn) Kiitzing
* Chaetomorpha linum (O.F. Miiller) Kiitzing (77)
Chaetomorpha robusta (Areschoug) Papenfuss
Cladophora capensis (C. Agardh) De Toni
*Cladophora contexta Levring (78)
*Cladophora cf. dalmatica Kiitzing (79)
Cladophora flagelliformis (Suhr) Kiitzing
Cladophora hospita (Mertens ex Chamisso)
Kiitzing (80)
*Cladophora cf. sericea (Hudson) Kiitzing (81)

Bryopsidophyceae
Bryopsidales
Bryopsidaceae
*Bryopsis cespitosa Suhr ex Kiitzing (82)
Bryopsis hypnoides 1.amouroux
* Bryopsis plumosa (Hudson) C. Agardh
* Bryopsis tenuis Levring (83)
* Pedobesia lamourouxii (J. Agardh) Feldmann,
Loreau, Codomier and Couté (84)

Codiaceae
Codium decorticatum (Woodward) Howe
*Codium duthieae P. Silva (85)
Codium fragile (Suringar) Hariot subsp.
capense P. Silva
*Codium isaacii P. Silva

Remarks
Rodophyta

(1) Taxon only tentatively recorded from
Liideritz by Engledow (1998), who present a short
description of it.

(2) Recorded by Engledow (1998) as Erythro-
cladia subintegra Rosenvinge.

(3) Stegenga et al. (1997) remark that this
species occurs from Namibia (without reference to
any locality) to the east of Cape Peninsula at South
Africa. On the other hand, Engledow (1998) cites
Acrochaetium densum (Drew) Papenfuss from Eliz-
abeth Bay and Langstrand. According to Stegenga
(1985) and Stegenga et al. (1997) A. densum is the
name with which the tetrasporophytic fase of A.
catenulatum is known.

(4) Recorded by Engledow (1998) as Colacone-
ma daviesii (Dillwyn) Stegenga.

(5) Recorded by Engledow (1998) as
Audouinella endophytica (Batters) Dixon.

(6) Stegenga et al. (1997) point out that this
species stretches up to the Namibian coasts, but they
do not refer to any locality.

(7) Only recorded from Swakopmund by
Wynne (1986).

(8) Only recorded from Grossebucht by Engle-
dow (1998).

(9) This species includes Nothogenia magnifica
(Pilger) J. H. Price. See the remark at page 46.

(10) Taxon only tentatively recorded from Rocky
Point by Engledow (1998).

(11) According to Stegenga et al. (1997), it is
doubtful whether the West African and Namibian
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records of this species actually belong to Gelidium
micropterum.

(12) In a work on the economic interest of the
species, Molloy (1990) remarks that this taxon
occurs in Namibia (without reference to any locali-
ty), although it is not abundant enough to be consid-
ered in that work.

(13) Price et al. (1988) indicate the presence of
this species in Namibia on the basis of an unpub-
lished work mentioned in the references as Lawson
and Isaac (1982). Subsequently, Lawson et al
(1990) include this citation in the list of algae of
Namibia without mention of any locality and only
referring to the work of Price et al. (1988). In both
cases the taxon is recorded as Gelidium pristoides
(Turner) Kiitzing. We hold that this species must be
excluded from the Namibian flora.

(14) See the remark at page 51.

(15) Only recorded from Swakopmund by
Wynne (1986), who identifies the plant with certain
reservations since he lacks fertile specimens.

(16) Although Stegenga et al. (1997) include this
species in Grateloupia doryphora, Engledow (1998)
prefer to keep it separate due to its divergent form
and ecology.

(17) Lawson et al. (1995) indicate the presence of
this species in Namibia on the basis of the work of
Simons and Hewitt (1976). According to these last
authors, P. cornea occurs from East London (South
African east coast) to Cape Frio (Namibia). Howev-
er, Lawson et al. (1990) do not take into account this
species in their list of marine algae of Namibia.

(18) This species includes A. setchellii Manza
(Seagrief, 1984).

(19) Recorded from Swakopmund by Wynne
(1986). This author points out that the material is
reminiscent of the genus Arthrocardia, but Dr. H. W.
Johansen identified it as Corallina sp. These speci-
mens are deposited in the MICH Herbarium (Wynne
7541).

(20) Chamberlain and Keats (1994) include
Namibia in the distribution of this species, but they
do not mention any locality nor refer to any other
work.

(21) Chamberlain and Keats (1995) include
Namibia in the world distribution of M. engelhartii,
but they do not mention any locality nor refer to any
other work.

(22) Chamberlain (1994) includes Namibia in
the distribution of this species, but he do not men-
tion any locality nor refer to any other work.

(23) Recorded as Gigartina teedii (Roth) Lam-
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ouroux in Lawson et al. (1990). According to Silva
et al. (1996) the correct epithet for this species is
teedei.

(24) According to Delf and Michell (1921) this
species occurs from Table Bay (South Africa) to
Walvis Bay. Lawson et al. (1990) report Walvis Bay
as the single locality in Namibia where the plant
occurs and they refer to that work. Price et al. (1992)
remark the possibility that this species was a syn-
onym of Mazzaella capensis.

(25) Recorded as Gigartina radula (Esper) J.
Agardh by Lawson et al. (1990). See the remark at
page 74.

(26) Recorded as Gigartina scutellata (Hering)
Simons by Lawson et al. (1990).

(27) Recorded as Gigartina stiriata (Turner) J.
Agardh by Lawson et al. (1990).

(28) This species includes Hypnea ceramioides
Kiitzing (Stegenga et al., 1997).

(29) Price et al. (1986) and Lawson et al. (1990)
report a single citation in Namibia of this species.
This is a Liideritz record coming from the work of
Pilger (1908). Price et al. (1986) remark that the
genus Euhymenia Kiitzing has not been generally
accepted and that De Toni (1897) place this species
as a synonym of Kallymenia dentata J. Agardh with
a query. Delf and Michell (1921) cite K. dentata
from South Africa and Silva et al. (1996) include
one of these citations in K. agardhii R. Norris. Like-
wise, Silva et al. (1996) place Euhymenia schizo-
phylla, as a misapplied name, in Kallymenia agard-
hii. In contrast, Stegenga et al. (1997) do not make
any comment relative to Euhymenia schizophylla
nor Kallymenia dentata in their work about the sea-
weeds of the South African west coast. We hold that
the taxonomy of Euhymenia schizophylla should be
clarified and its presence in Namibia confirmed
before to include it in the catalogue.

(30) Only recorded from Diaz Point by Engle-
dow (1998).

(31) Recorded as Gymnogongrus complicatus
(Kiitzing) Papenfuss by Lawson et al. (1990).
Among our material there are specimens morpho-
logically very similar to this taxon, but having
nemathecia instead of cystocarps. For this reason,
we have assigned them to the genus Gymnogongrus
without specifying the species. See the remark at
page 89.

(32) Recorded as Gymnogongrus glomeratus J.
Agardh by Lawson et al. (1990). This species
includes Gymnogongrus corymbosus J. Agardh
(Stegenga et al., 1997).



(33) Recorded as Gymnogongrus polycladus
(Kiitzing) J. Agardh by Anderson and Bolton (1990).

(34) Recorded as Gymnogongrus vermicularis
(C. Agardh) J. Agardh by Lawson et al. (1990).

(35) This species includes Actinococcus latior
Schmitz. With this name the tetrasporophytic struc-
tures of Gymmnogongrus dilatatus were formerly
known.

(36) Recorded as S. obovata (J. Agardh) J.
Agardh by Lawson et al. (1990).

(37) Under the name Haematocelis sp., Stegenga
et al. (1997) describe some specimens from the west
coast of South Africa and they point out that this
taxon also occurs in Namibia. However, the authors
do not refer to any locality.

(38) Recorded as P. vulgare Lamouroux by Law-
son et al. (1990).

(39) Recorded from  northern Namibia
(Kaokoveld) without specifying locality by Lawson
et al. (1990) and Stegenga et al. (1997).

(40) This record, which is included in the works
of Delf and Michell (1921) and Lawson et al.
(1990), corresponds to a single specimen of the
Tyson Herbarium collected at Walvis Bay. John et
al. (1994) remark that it probably belongs to Chylo-
cladia capensis Harvey. We hold that this record
should be confirmed.

(41) Recorded as Epymenia capensis (J. Agardh)
Papenfuss by Lawson et al. (1990).

(42) Only tentatively recorded from Mile 8 by
Engledow (1998).

(43) Only recorded from Swakopmund by
Wynne (1986). According to Stegenga et al. (1997)
the South African (Cape Hangklip) and Namibian
records of this species correspond to Rhodymenia
natalensis Kylin. In contrast, Wynne (1986) points
out that the Swakopmund material is similar to R.
capensis J. Agardh. See the remark at page 98.

(44) Recorded as Epymenia obtusa (Greville)
Kiitzing by Lawson et al. (1990).

(45) Recorded as Callithamnion hookeri (Dill-
wyn) S. Gray by Lawson et al. (1990).

(46) Only recorded from Swakopmund by
Wynne (1986), as Antithamnion leptocladum (Mon-
tagne) Wynne, and included in the list of the marine
algae of Namibia by Lawson ef al. (1990). See
Athanasiadis (1990).

(47) The Namibian records of Ceramium
capense correspond to C. obsoletum, as may be
deduced from the work of Lawson et al. (1990).
Moreover, according to these authors, some records
of C. obsoletum (in particular those included in the

work of Simons (1966) as C. capense) do not belong
to the genus Ceramium. On the other hand, Stegen-
ga et al. (1997) remark that C. capense occurs from
Liideritz to Kommetjie (Cape peninsula), and C.
obsoletum from Namibia to the east coast of South
Africa.

(48) This taxon includes Ceramium papen-
fussianum Simons (Lawson et al., 1990). See the
remark at page 118.

(49) The material to which the records refer (see
page 120) agree quite well with the one of Swakop-
mund described by Wynne (1986) as Ceramium sp.
It is highly probable that both collections belong to
the same taxon.

(50) Stegenga et al. (1997) remark that this
species occurs on the south and east coasts of South
Africa and in Namibia, but they do not refer to any
specific locality in this last country.

(51) Recorded from Liideritz and Mowe Bay by
Engledow (1998). In our opinion, possibly conspe-
cific with Heterosiphonia crispella (C. Agardh)
Wynne. See the remark at page 128.

(52) Only tentatively recorded from Swakop-
mund by Wynne (1986), who remarks that the spec-
imens show a great morphological variation.

(53) This species was known formerly as P. mini-
ata (C. Agardh) Bprgesen . It had been previously
mistaken with P. intermedia (Grunow) Wynne (Ste-
genga et al., 1997). It is probable that the Namibian
records correspond to P. intermedia. See the remark
at page 134.

(54) Price et al. (1986) and Lawson et al. (1990)
indicate the presence of this species in Namibia
without specifying any locality. According to the
former authors, the material to which the record
refers had been collected in freshwater conditions.

(55) Only recorded from Liideritz by Engledow
(1998). The author points out that the specimens
were found in pools of the upper eulittoral zone.

(56) Recorded as P. atrorubescens (Dillwyn)
Greville by Lawson et al. (1990).

(57) After an extensive taxonomic discussion,
Silva (Silva et al., 1996) suggests the genus Car-
radoriella for this taxon. However, Wynne (1998)
prefers to retain it in the genus Polysiphonia on the
basis of an earlier work (Wynne, 1986) in which he
presented a number of morphological reasons sup-
porting this opinion.

(58) Wynne (1986) points out the main features
of an undetermined species of Polysiphonia from
Swakopmund (MICH: Wynne 7529).

(59) It is probable that this species had been mis-
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taken with P. complanata (Clemente y Rubio)
Falkenberg. See the remark at page 152.

Chromophyta

(60) Only tentatively recorded from Mile 14 by
Engledow (1998) as Ectocarpus cf. rhodo-
chortonoides Bgrgesen.

(61) Species tentatively recorded by Engledow
(1998).

(62) Only recorded from Mowe Bay by Engle-
dow (1998). We have collected some specimens of a
crustose Phaeophyceae from several localities of
northern Namibia (Méwe Bay included) which
agree more or less with the description of this
species. However, some differences lead us to iden-
tify them as Hapalospongidion sp. See the remark at
page 167.

(63) Lawson et al. (1990) cite this species with a
query and without the taxon authorities from Halifax
Bay. According to Price et al. (1978) the determina-
tion of the material to which the record refers is
doubtful and it must be studied again. We hold that
this species must be excluded from the Namibian
flora until the record had been confirmed.

(64) Only recorded from Walvis Bay by Dinter
(1919). Price et al. (1978) and Lawson et al. (1990)
include the record and remark that it probably refers
to Chordariopsis capensis (C. Agardh) Kylin.

(65) Stegenga et al. (1997) cite this species from
the South African west coast and state that possibly
it also occurs in Namibia.

(66) Lawson et al. (1990) cite this species as P.
debilis (O.F. Miiller) Kuntze. In agreement with
Wynne (1969), Price et al. (1978) and Fletcher
(1987) we consider P. debilis as a synonym of P. fas-
cia, while Silva et al. (1996) consider it as a variety
of this second species.

(67) Lawson et al. (1990) cite this species from
Liideritz and Stegenga et al. (1997) stating that it
occurs from Mowe Bay to Betty’s Bay (west coast of
South Africa). On the other hand, Price er al. (1978)
remark that it is highly probably that D. firma from
the southern hemisphere and D. ligulata Lamouroux
from the northern hemisphere was conspecific.

(68) Wynne (1986) remarks to have observed this
species at Swakopmund (in the drift) and he states
that the most northerly record for this species is at
Rocky Point. However, according to Stegenga et al.
(1997), E. maxima occurs from 10 km west of Cape
Agulhas to north of Liideritz, and it is absent from
northern Namibia.
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(69) Only recorded from Walvis Bay by Dinter
(1922¢) and included in the catalogues of Lawson et
al. (1990) and Price et al. (1978). According to these
last authors, it is possible that the record refers to L.
pallida or L. schinzii.

(70) Price et al. (1978) indicate the presence of
Laminaria ochroleuca in Namibia on the basis of the
work of Delf and Michell (1921). These authors
include a record of L. pallida from Walvis Bay (Bar-
ton, 1893), and Price et al. (1978) include it in L.
ochroleuca. However, Price et al. (1978) cite L. pal-
lida from Namibia on the basis of the same work,
and remark that records appear to represent the most
northerly extension of a species hitherto well known
from the western coast of South Africa. Lawson et
al. (1990) point out that the species occurs in
Namibia and refers to the works of Delf and Michell
(1921) and Price et al. (1978). It is highly probable
that this record refers to L. pallida and, therefore, L.
ochroleuca should be excluded from the flora of
Namibia.

(71) According to Stegenga et al. (1997) this
taxon includes L. schinzii Foslie. These authors
remark that L. pallida is partially interfertile with
European L. ochroleuca.

Chlorophyta

(72) Only tentatively recorded from Elizabeth
Bay by Engledow (1998).

(73) Recorded by Lawson et al. (1990) as E.
tubulosa Kiitzing.

(74) Lawson et al. (1990) cite E. compressa and
not E. intestinalis. Some authors consider both taxa
as different species, whereas others include E. com-
pressa in the morphological variation range of E.
intestinalis. In the present work we consider E.
intestinalis in a broad sense.

(75) It is possible that the records of U. nema-
toidea and U. fasciata belong to the same taxon. See
the remark at page 185.

(76) This taxon includes Ulva uncialis (Kiitzing)
Montagne.

(77) Lawson et al. (1990) consider C. aerea as a
synonym of C. linum and cite this last species on the
basis of material from Swakopmund determined as
C. aerea by Wynne (1986). In the present work, we
consider C. aerea and C. linum as different entities,
and therefore, the latter should be excluded from the
Namibian flora.

(78) According to Stegenga et al. (1997) the
northern distribution limit of C. contexta is Liideritz,



although Lawson et al. (1990) also recorded this
species from Swakopmund and Mowe Bay.

(79) Only tentatively recorded from Diaz Point
by Engledow (1998).

(80) Recorded as Cladophora mirabilis (C.
Agardh) Rabenhorst by Lawson et al. (1990) and
Stegenga et al. (1997).

(81) Only tentatively recorded from Rocky Point
by Engledow (1998).

(82) According to Silva et al. (1996) the correct
epithet for this species is cespitosa.

(83) Stegenga et al. (1997) include B. tenuis in B.
africana Areschoug pointing out that the latter is
possibly synonymous with B. cespitosa.

(84) Species recorded by Lawson et al. (1990) as
Derbesia lamourouxii (J. Agardh) Solier.

(85) According to P. Silva (pers. com.) the
Namibian records of C. duthieae must be referred to
C. decorticatum, although its populations would be
more closely related to South African populations of
C. duthieae than to Mediterranean populations of C.
decorticatum. C. duthieae is a more characteristic
species of the south and east coasts of South Africa
than the west coasts (Stegenga et al., 1997).

SYSTEMATIC TREATMENT

In this section we produce the description of the
identified taxa in the material from our sampling
campaigns (see page 18).

We followed the study of Silva et al. (1996) for the
taxa nomenclature and its ordination in divisions,
classes, subclasses, orders, families and genus, except
for the Halymeniaceae and Kallymeniaceae families,
which we arranged according to Saunders and Kraft
(1996) in the orders Halymeniales and Gigartinales
respectively. We did not consider the order Cryptone-
miales. We did not use the study of Silva et al. (1996)
when we ordered the green seaweeds into classes. In
that case it seemed more accurate to us to follow the
model of Guiry (1997), according to the classification
proposed by Van den Hoek et al. (1995). However
following the recommendations of the International
Code of Botany Nomenclature, we preferred to use
the descriptive names ending in phyta -instead of phy-
cota as Silva et al. (1996) proposed- to designate the
divisions. In any case, the species in each genus, fam-
ily and order, appear in alphabetical order. For those
species that do not appear in the catalogue by Silva et
al. (1996) we used the most recent nomenclature that
we were able to obtain.

For each specific or infraspecific taxon we indi-
cated the name we considered correct, the basionym
(if such was the case) and the synonyms with which
the taxon was cited in South Africa. We also indicat-
ed the type material if we knew it. Then, we present-
ed a list of selected specimens which support each
description. Generally it was a representative speci-
men of each locality where we had found the taxon,
and we indicated, in the following order, the locality,
date of collection, herbarium number, and if such
was the case, reproductive phase of the plant. The
specimens were arranged by localities, following a
south-to-north order. In addition, a series of biblio-
graphic references containing a description or illus-
tration of the plant were included, comprising as far
as possible, all their distribution area. Since the flora
of Namibia, and until recently that of South Africa,
was scarcely documented, we tried to include as
many references regarding these countries as possi-
ble. Next, we presented a detailed description of the
habit and the vegetative structure of the plant, and of
the reproductive structures of the plant if such was
the case. Reproduction was not observed in most of
the green algae species. Then, we supplied some data
about the habitat, using the terminology proposed by
Liining (1990) for the zonation. In addition, we gave
the distribution of the taxon on the Namibian coasts,
and also its world-wide distribution. In the first case,
the localities appeared in a south-to-north order,
being the former ones the citations previous to this
study. This information was also reflected in a distri-
bution map, which was placed in an appendix at the
end of the work. As for the world-wide distribution,
and except for the cosmopolitan species or the most
widespread species, we indicated the countries in
which each taxon had been cited, with a south-to-
north order for the Atlantic, Indian and Pacific
oceans. We also signalled them when they were
found in more reduced seas, such as the Mediter-
ranean and the Red Sea. Finally, we also included a
taxonomic commentary for most taxa. It often com-
prises a comparison between our material and previ-
ous descriptions or iconography of that particular
taxon. When there were not any references or they
were scant, or we considered that the differences
were significant enough, we also indicated the simi-
larities and the differences of our specimens with
other taxa with a close morphology or anatomy.
Apart from that, practically every taxon was illustrat-
ed with a picture or drawing of the plant habit, and
also with pictures or drawings of some morphologi-
cal or anatomical aspects.
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In some cases we provided general taxonomic
comments or other kind of explanations besides the
species remarks. In addition, when a genus or
species comprised in this study was represented by
more than one taxon in Namibia, we supplied a
determination key. We want to emphasise that these
are guiding keys that must be used with caution,
because sometimes they include species that we
have not studied. When such was the case, we sup-
plied complementary information that in many cases
included bibliographic references where a descrip-
tion of these species could be found. Likewise, we
indicated when we did not have enough information
about some species to include them into the deter-
mination key. A general key to genera occurring in
Namibia was also provided and placed in an appen-
dix at the end of the work.

And last but not the least, we have to say that
there were some specimens we were not able to
assign to any species because they lacked well
developed reproductive structures or they did not
adjust to any description available to us. We have
provided long accounts of these specimens, which
were only determined at a genus or family level. It is
possible that they represent a new species. However
we think it is necessary to make a comprehensive
and detailed comparative study of this material
(which is not a part of the aims of the present work)
before describing it as a new taxon.

Division RHODOPHYTA
Class RHODOPHYCEAE
Subclass BANGIOPHYCIDAE
Order PORPHYRIDIALES Kylin ex Skuja (1939)
Family PORPHYRIDIACEAE Kylin ex Skuja (1939)

Genus Stylonema Reinsch (1875)
Key to species of Stylonema:

1. Filaments uniseriate........c..c.cceceeevennenens S. alsidii
1. Filaments completely or partially pluriseriate.....
...................................................... S. cornu-cervi

Stylonema alsidii (Zanardini) K. Drew
(Fig. 17)

Bangia alsidii Zanardini (1840), p. 136.

Goniotrichum alsidii (Zanardini) Howe (1914), p. 75.
Stylonema alsidii (Zanardini) K. Drew (1956), p. 72.
Bangia elegans Chauvin (1842), p. 33.

Goniotrichum elegans (Chauvin) Zanardini (1847), p. 249.
Stylonema elegans (Chauvin) V. May (1965), p. 352.
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FiG. 17. — Stylonema alsidii. Habit (portion of an specimen). Scale
bar = 50 um.

Selected specimens: Rocky Point, 24-02-1986, BCF-A 12005.

References: Taylor (1960), Dawson et al. (1964), Abbott and Hol-
lenberg (1976), Cordeiro-Marino (1978), Lawson and John (1987),
Noda (1987), Desikachary et al. (1990), Womersley (1994), Coppe-
jans (1983, 1995), Stegenga et al. (1997).

Habit and vegetative structure: Plant 740 pm
high, consisting of irregularly ramified uniseriate fil-
aments, 30-36 um in diameter in the middle part and
20-24 pm in diameter in the apical zone, attached to
substratum by the basal cell. Cells square to rectan-
gular in shape, generally more wide than high, 5-12
x 10-12 pm, arranged in rows within a thick
mucilaginous sheath, especially in the middle and
basal parts of the plant. Apical cell dome-shaped, 6-
11 x 9-11 um.

Reproduction:
observed.

Habitat: Epiphytic on Centroceras clavulatum in
the eulittoral zone.

Namibian distribution: Swakopmund (Wynne,
1986); Rocky Point (Map 1).

World distribution: Cosmopolitan (Lawson and
John, 1987).

Reproductive structures not



FiG. 18. — Stylonema cornu-cervi. Several development phases of
the plant. Scale bar = 25 um.

Stylonema cornu-cervi Reinsch
(Fig. 18)

Stylonema cornu-cervi Reinsch (1875), p. 40.
Goniotrichum cornu-cervi (Reinsch) Hauck (1885), p. 519.

Selected specimens: 29 km south of Kunene river mouth, 22-02-
1986, BCF-A 12003.

References: Hamel (1924), Newton (1931), Feldmann (1939), Daw-
son et al. (1964), Abbott and Hollenberg (1976), Coppejans (1983),
Kajimura (1992), Womersley (1994).

Habit and vegetative structure: Plant to 260 um
high, consisting of a generally unbranched filament,
at first uniseriate, 14-18 um in diameter, later com-
pletely or partially pluriseriate, 22-52 pym in diame-
ter, with the apical and basal cells unique;
suprabasal region generally constricted as a short
stalk, 10-12 pym in diameter. Cells of pluriseriate
region rounded, elliptical or triangular, 8-16 x 7-12
um, irregularly placed within a thick mucilaginous
sheath; cells of uniseriate specimens or of uniseriate
regions squarish or rectangular, generally more wide
than high, 4-10 x 8-10 um; basal cell elliptical or
isodiametric, 6-12 x 6-7 um; apical cell 7-10 x 8-12
um. Plastid lobed, more or less stellate.

Reproduction: Reproductive structures not
observed.

Habitat: Epiphytic on other algae, as Ophido-
cladus simpliciusculus, Polysiphonia scopulorum
and Tayloriella tenebrosa.

Namibian distribution: South Kunene (Map 2).

World distribution: Atlantic Ocean: Namibia;

Morocco (Dangeard, 1949); north of Iberian Penin-
sula, France, England (South and Tittley, 1986).
Mediterranean Sea (Gallardo er al., 1985). Pacific
Ocean: Peru, California to northern British Colum-
bia, Japan (Scagel et al., 1986). Australia (Womers-
ley, 1994). Indian Ocean: South Africa (Silva et al.,
1996); Australia (Womersley, 1994). Widespread in
temperate seas (Womersley, 1994).

Remarks: Our specimens, although generally
smaller and unbranched, are compatible with the
Stylonema cornu-cervi descriptions consulted. This
species, not much frequent in the southern hemi-
sphere, have not been reported to date in the Namib-
ian coasts.

Order BANGIALES Schmitz in Engler (1892)
Family BANGIACEAE Engler (1892) nom. cons.

Genus Porphyra C. Agardh (1824) nom. cons.
Key to species of Porphyra:

1. Blades 24-36 um thick..................... Porphyra sp.
1. Blades usually over 60 pum thick...........ccccccee.e. 2

2. Cells close to carposporangia fusiform in cross
section, 3-7.5(-13) times longer than broad; car
posporangia elongate, 2-4 times longer than
broad; carpospores placed in horizontal and
Vertical TOWS ....cccvevevieeerieeeieeeieeeieeas P. capensis

2. Cells close to carposporangia elliptical in cross
section, 1.5-3.5(-4) times longer than broad;
carposporangia elliptical, 1-2 times longer than
broad; carpospores usually placed in two groups

......................................................... P. saldanhae

Porphyra capensis Kiitzing
(Figs. 19-20)

Porphyra capensis Kiitzing (1843), p. 383.
Porphyra laciniata (Lightfoot) C. Agardh var. capensis (Kiitzing)
Grunow (1867), p. 58.

Selected specimens: Walvis Bay, Lagoon, 9-07-1989, BCF-A
11555, with spermatangia; Langstrand, 6-07-1989, BCF-A 11559,
specimen monoecious, with carposporangia and spermatangia; 5
km south of Swakopmund, 6-07-1989, BCF-A 11556, with car-
posporangia; Cape Cross, 7-07-1989, BCF-A 11557, with car-
posporangia; Terrace Bay, February, 1986, BCF-A 11558, with
spermatangia; Mowe Bay, Cala Poste, 7-02-1988, BCF-A 11599,
with carposporangia; Angra Fria, 20-02-1986, BCF-A 11832, with
carposporangia.

References: Isaac (1957), Chamberlain (1965), Graves (1969),

Simons (1969, 1976), Branch and Branch (1981), Anderson et al.
(1989), Stegenga et al. (1997).
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FiG. 19. — Porphyra capensis. Langstrand, 6-07-1989, BCF-A
11559. Scale bar = 5 cm.
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FiG. 20. — Porphyra capensis. A-C. Surface view. A. Vegetative

cells. B. Carposporangia. C. Spermatangia. D-G. Cross section. D.

Vegetative zone of the blade. E. Cells close to the carposporangia.
F. Carposporangia. G. Spermatangia. Scale bar = 50 pum.
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Habit and vegetative structure: Plant (gameto-
phyte) foliose, rounded or more or less elongated,
with undulate margins, up to 25(-40) cm high and to
25 cm broad, sometimes with lanceolate lobes;
attached by a small discoid holdfast, 1-2 mm diam-
eter; blade surface smooth, more or less perforated;
cells in surface view oblong, triangular or rounded,
8-22 x 6-14 pm, irregularly arranged. In cross sec-
tion, blade monostromatic, (60-)96-140 um thick;
vegetative cells rectangular, 2.7-7(-10.5) times
longer than broad, (32-)40-68(-90) x (6-)8-24 um,
anticlinally arranged; plastid parietal, generally
constricted in the central part; cells close to car-
posporangia more or less fusiform, 3-7.6(-13.7)
times longer than broad, 48-84(-94) x 6-22 um,
containing two more or less stellate pastid. Sporo-
phyte not seen.

Reproduction: Plant generally dioecious. Repro-
ductive structures scattered along the blade margin,
forming an irregular and usually ill-defined margin-
al band. In surface view, carpospores 8-14 x 6-12
um, arranged in groups of 4-8(-10); spermatia 4-7 x
3-6 um, arranged in groups of 12-16. In cross sec-
tion, carposporangia elongate, 2.2-4.2 times longer
than broad, 70-116 x 20-38 um, arranged in 2-4 ver-
tical rows of 8-12 carpospores; spermatangia elon-
gate, (2.8-)4.3-5.8 times longer than broad, (44-)60-
76 x 12-18 pum, arranged in 2 vertical rows of 8-16
spermatia.

Habitat: Epilithic or growing on mussel shells, in
lower eulittoral and tide pools.

Namibian distribution: Elizabeth Bay, Grosse-
bucht, Diaz Point, Liideritz, Swakopmund, Unjab,
Terrace Bay, Rocky Point, Cape Frio, Angra Fria,
Honolulu (Lawson et al., 1990); Walvis Bay,
Langstrand, Cape Cross, Mowe Bat (Map 3).

World distribution: Atlantic Ocean: Argentina
(Pujals, 1963); South Africa (Stegenga et al., 1997);
Namibia (Lawson et al., 1990); Angola (Lawson et
al., 1975). Indian Ocean: St. Paul Island, South
Africa (Silva et al., 1996).

Remarks: Kiitzing (1943) described Porphyra
capensis from the Cape of Good Hope (South
Africa). This species is known at present from
southern Angola to the South African east coast and
from St. Paul Island. According to Isaac (1957) and
Stegenga et al. (1997), this species is more abundant
in the west coast than in the east coast of South
Africa. Graves (1969) and Stegenga et al. (1997)
point out the great morphological, anatomical and
reproductive variations of this species in relation
with the environmental conditions. Isaac (1957) and



Graves (1969) distinguish three environmental mor-
phologic forms:

- A form associated with cold water and more or
less exposed places: large specimens, cordate or
reniform shaped, growing in the upper and mid-
eulittoral zone, or epiphytes of Aeodes orbitosa
(Suhr) Schmitz or Ecklonia maxima (Osbeck)
Papenfuss in the upper sublittoral zone. In more
exposed conditions the specimens are smaller and
occur in higher eulittoral level. This form is the
more usual in the west coast of South Africa.

- A warm water form from False Bay, in the
south: thin and laciniated fronds.

- A form found in sheltered places: linear or
lanceolate fronds.

Kiitzing (1843, 1849) and Delf and Michell
(1921) consider these forms as different species, but
J. Agardh (1883), Isaac (1957) and Graves (1969)
hold that the morphology and structure of Porphyra
are too simple to distinguish species.

Baardseth (1941) described P. tristanensis from
Tristan da Cunha and pointed out that this species
was similar to P. capensis, a species little known at
that time. Chamberlain (1965) recorded P. tristanen-
sis from Gough Island indicating the possibility that
the specimens could correspond to P. capensis.

FiG. 21. — Porphyra saldanhae. Cape Frio, 23-02-1986, BCF-A
11831. Specimen epiphytic on Ahnfeltiopsis vermicularis. Scale bar
=2cm.

Our specimens are quite uniform and are similar
to the first form reported by Isaac (1957) and Graves
(1969). Likewise, our material also agree with the P.
capensis description of Stegenga et al. (1997),
although the cells of our specimens are longer (2.7-
7(-10.5) times longer than broad) than the cells of
the South African material (up to 4 times longer than
broad).

Stegenga et al. (1997) describe P. saldanhae
from the west coast of South Africa, a species quite
similar to P. capensis with which it could have been
confused. This could affect the distribution of P.
capensis and therefore the distribution showed here
is only illustrative until new studies of the material
from Angola and St. Paul Island, as well as the
material of P. tristanensis are available.

Porphyra saldanhae Stegenga, Bolton and
Anderson (Figs. 21-23)

Porphyra saldanhae Stegenga, Bolton and Anderson (1997), p. 227.

Selected specimens: Mowe Bay, 25-02-1986, BCF-A 11598, with
carposporangia and spermatangia; Cape Frio, 23-02-1986, BCF-A
11831, with carposporangia and spermatangia.

Holotype: Stegenga Sa 2098 (BOL), Yzerfontein, Cape Province,
South Africa.

References: Stegenga et al. (1997), Griffin et al. (1999).

Habit and vegetative structure: Plant (gameto-
phyte) foliose, lanceolate, 8 cm high and 5 cm wide,
or more or less orbicular, 6-7 cm in diameter,
attached by a basal holdfast. Cells elliptic or more or
less isodiametric in surface view, 12-20 x 8-14 um.
Blade monostromatic, 80-100 um thick in cross sec-
tion; vegetative cells more or less rectangular, 2.6-
5(-6) times longer than broad, 38-50 x 10-16 pm,
anticlinally arranged; cells elliptic in fertile areas of
the blade, 1.6-3.6(-4.2) times longer than broad, 28-
48 x 10-26 um, with 2 more or less stellate plastids.
Sporophyte not seen.

Reproduction: Plant monoecious. Reproductive
structures arranged marginally in the blade. Car-
posporangia disperse in surface view, with car-
pospores 8-12 x 6-10 um; spermatangia in compact
angular patches, with spermatia 4-6 x 3-5 um. Car-
posporangia elliptic in cross section, 1.4-2.3 times
longer than broad, 58-80 x 28-44(-54) um, with car-
pospores usually arranged in two groups, a upper
group and a lower group; spermatangia elliptic, 2.2-
3 times longer than broad, 38-50 x 14-22 pm, with 2
vertical rows of 4 spermatia.

Habitat: Epiphytic on Ahnfeltiopsis vermicularis
and Aeodes orbitosa, in the lower eulittoral zone.
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FiG. 22. — Porphyra saldanhae. Surface view of the blade fertile area
with carposporangia (c) and spermatangia (e). Scale bar = 100 um.

Namibian distribution: Mowe Bay, Cape Frio
(Map 4).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997). Namibia.

Remarks: Porphyra saldanhae was described
from the west coast of South Africa by Stegenga et
al. (1997). From the descriptions and the key
showed by these authors we can see that P. sal-
danhae is quite similar to P. capensis. The differ-
ences between the two species are: P. saldanhae is
monoecious whereas P. capensis is usually dioe-
cious; the blade of the former species is thinner
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FiG. 23. — Porphyra saldanhae. A-D. Cross section of the blade. A.

Vegetative area. B. Fertile area with one carposporangium. C. Car-

posporangia. D. Fertile area with spermatangia and one carpospo-
rangium. Scale bar = 50 pym.
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than the blade of the latter (60-100 um thick, in
comparison with (50-)100-150 um in P. capensis);
in cross section, the cells of P. saldanhae are
shorter than those of P. capensis (2-3 times longer
than broad in comparison with up to 4 times in P.
capensis). Likewise, both taxa seem to differ in the
reproductive structures. In this way, spermatangia
and carposporangia are ovoid in P. saldanhae,
whereas these structures are elongated as the veg-
etative cells in P. capensis. Moreover, in P. sal-
danhae the carpospores (up to 32) are placed in
two groups and the spermatia in two groups of
four rows, whereas in P. capensis the carpospores
(up to 32 also) are placed in columns of 8 and the
spermatia in columns of up to 24.

In our specimens of P. saldanhae, the vegetative
cells, although shorter than the cells of our speci-
mens of P. capensis, are considerably longer (2.6-5(-
6) ) times longer than broad) than the cells of South
African P. saldanhae (2-3 times). In this respect, our
specimens of P. saldanhae are very similar to P.
capensis. However, concerning the cells near to the
carposporangia, the two species are different. In this
way, in our specimens of P. saldanhae these cells are
elliptic, 1.6-3.6(-4.2) times longer than broad and
measure 28-48 um in height, as in Stegenga et al.
(1997), whereas these cells in P. capensis are larger
(48-84(-94) um in height) and longer (3-7.6(-13.7)
times longer than broad). Concerning the reproduc-
tive structures, our specimens are consistent with P,
saldanhae, although the spermatangia have fewer
spermatia.

P. saldanhae is similar to P. aeodis Griffin,
Bolton et Anderson, a species recently established
by Griffin ef al. (1999) from South Africa. Accord-
ing to these authors, the two species overlap mor-
phologically and anatomically although there are
some ecological and anatomical differences. P.
aeodis 1s a summer annual species that grows on
Aeodes orbitosa (Suhr) Schmitz or on several other
macroalgae, while P. saldanhae is a winter annual
species growing on hard substrata. Moreover, in P,
aeodis spermatangia and carposporangia have eight
to sixteen tiers of spermatia and carpospores respec-
tively, while there are generally eight tiers of sper-
matia in the spermatangia of P. saldanhae and two
tiers of carpospores in the carposporangia of this
species. Our specimens agree anatomically better
with the Stegenga et al. (1997) description of P. sal-
danhae than with Griffin et al. (1999) description of
P. aeodis. However, some Namibian specimens are
epiphytic on Aeodes orbitosa.



FIG. 24. — Porphyra sp. A. Cross section of the blade. B. Cells in
surface view. Scale bar = 20 pm.

Porphyra sp.
(Fig. 24)

Selected specimens: Langstrand, 6-07-1989, BCF-A 11597.

Habit and vegetative structure: Plant (gameto-
phyte) foliose, elongate or more or less orbicular, up
to 4 cm long and 2.5 cm broad, with undulate mar-
gins, attached by a basal disc; blade surface smooth.
Cells ovate, elliptic or isodiametric in surface view,
8-14 x 6-10 um, not grouped, irregularly arranged.
Blade thin, monostromatic in cross section, 24-36
um thick; cells rectangular, 14-20 x 6-12 um, anti-
clinally arranged, with a more or less stellate plastid.
Sporophyte not seen.

Reproduction: Reproductive
observed.

Habitat: Epiphytic on Mazzaella capensis and
Chaetomorpha aerea in the eulittoral zone.

Namibian distribution: Langstrand (Map 5).

Remarks: The correct identification of these
specimens is impossible because all our material is
not fertile. The blade is thinner than the blade of the
other species of Porphyra recorded from Namibia.

Stegenga et al. (1997), in their study on the sea-
weeds of the South African west coast, described
two Porphyra species with a blade of less than 60
um in thickness. One of these species is P. gardneri
(Smith and Hollenberg) Hawkes, that has a ribbon-
shaped blade, 20-30 um thick, consisting of rectan-
gular cells 10-12 ym long in cross section. The

structures not

other, Porphyra sp. ind., has a cordate or elongate
blade 40-60 um thick, consisting of rounded rectan-
gular cells 20-25 um long in cross section. Morpho-
logically, our specimens agree better with Porphyra
sp. than P. gardneri. In contrast, anatomically, our
material has features between the two species.

Class FLORIDEOPHYCEAE
Order ACROCHAETIALES Feldmann (1953),
emend. Garbary and Gabrielson (1987)
Family ACROCHAETIACEAE Fritsch
ex W.R. Taylor (1957)

The taxonomy of this family, with more than 400
taxa (Lee and Lee, 1988), is very problematic
(Dixon and Irvine, 1977; Garbary, 1979; South and
Tittley, 1986; Lee and Lee, 1988; Silva et al., 1996,
etc.). In most cases life history is unknown and
probably species described as different could corre-
spond to different generations of the same species.
Moreover, the systematic criteria used in this group
depend on the authors which, in an attempt to clari-
fy the taxonomy, often create new genera or amend
the descriptions of the genera already existing,
increasing the confusion. For this reason, the species
distribution showed in this work can only be taken
as illustrative.

On the taxonomy of Acrochaetiaceae, at present,
authors are divided into two groups. The first group,
according to Drew (1928), consider this family as
monogeneric, although they believe that ultrastruc-
tural and biochemical studies, as well as knowledge
of the life history could lead to establishing new
genera following a more natural taxonomy. This is
the case of Dixon and Irvine (1977), Garbary
(1979), South and Tittley (1986), Garbary (1987),
Bird and McLachlan (1992) and Woelkerling and
Womersley (1994), who consider only the genus
Audouinella. The second group of authors, com-
posed among others by Papenfuss (1945), Kylin
(1956) Feldmann (1962), Stegenga (1979, 1985a),
Lee (1980),Woelkerling (1983), Jackelman et al.
(1991) and Nielsen et al. (1995), using as a base the
type of reproductive structures, the number and type
of platids and the life history, distinguish different
genera (between two and eigth). In this respect, Lee
and Lee (1988) show the different classification sys-
tems proposed by these authors and propose a new
system with 3 genera.

Until a study of Namibian Acrochaetiaceae was
carried out, the easiest approach was to follow the
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monogeneric criterion and to consider only the
genus Audouinella. Another, perhaps more correct,
possibility was to follow the work of Stegenga
(1985a) on the South African Acrochaetiaceae
based in species cultures. This author, who
described the taxa pointing out the development
type of the initial cell and the differences between
the distinct life-cycle generations, uses as main fea-
tures to distinguish genera the number, morphology
and arrangement of plastids (stellate or blade like,
axial or parietal) and the presence or absence of
pyrenoids. In our material the plastid morphology
and arrangement are not always easy to discern. For
this reason we have not followed Stegenga (1985a)
but Silva et al. (1996). In agreement with Feldmann
(1962), these last authors consider that
Acrochaetium includes species with only one plas-
tid, stellate or blade like, axial or parietal, whereas
Audouinella includes species with several plastids
without pyrenoids.

Finally, and as we has alredy pointed out, the
confused taxonomy of this family does not allow us
to assess the real distribution of species. For this rea-
son, the distribution presented here is only illustra-
tive and it is based upon literature records of the
considered binomy. For the same reason we have not
considered the synonyms in the taxa studied.

Genus Acrochaetium
Nigeli in Nageli and Cramer (1858)

Key to species of Acrochaetium:

1. Plant endophytic, prostrate; filaments 4-6 um in
diameter .......cceeevvveerveeeieeeieenne, A. endophyticum
1. Plant epiphytiC ....c.covoueeviiiiriiiiiiieeieeieeieeeiee 2

2. Plant consisting of prostrate filaments only; initial
cell split into two similar cells, easily recognized
in well-developed specimens ........... A. reductum

2. Plant consisting of erect filaments only or
prostrate and erect filaments; initial cell visible
OF TIOT weveeniieeiiieeiiee ettt ettt ettt e s 3

3. Plant consisting of erect filaments only; initial

cell visible.......ccocveeecveeeriiieeenen, A. moniliforme*
3. Plant consisting of prostrate and erect filaments;

initial cell not visible ..........cccoceviiiiiiincnen, 4
4. Erect filaments 8 um or less in diameter ............ 5
4. Erect filaments usually more than 8§ um in

AIAMELET ..o 6
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5. Plant with monosporangia placed in chains.........
...................................................... A. catenulatum
5. Plant with tetrasporangia and polysporangia........
..................................................................... A. sp.

6. Filaments 8-14 um in diameter; monosporangia
unilaterally or opposite arranged in 3-4 cells long
branches, the apical cell usually with 2

MONOSPOTANGIA ..cvveenveereeieanieaaeens A. secundatum
6. Filaments 12-20 um in diameter; monosporangia
N CIUSEETS e A. daviesii

* A. moniliforme was not observed. More informa-
tion about this taxon can be found in Stegenga
(1985) and Stegenga et al. (1997).

Acrochaetium catenulatum Howe
(Fig. 25)

Acrochaetium catenulatum Howe (1914), p. 84.

Selected specimens: Rocky Point, 24-02-1986, BCF-A 12032, with
monosporangia; 29 km south of Kunene river mouth, 22-02-1986,
BCF-A 12269, with monosporangia.

References: Dawson et al. (1964), Chapman (1969), Stegenga and
Vroman (1976), Stegenga (1985a), Noda (1987), Stegenga et al.
(1997).

Habit and vegetative structure: Plant filamen-
tous, 200-240 um high, consisting of uniseriate erect
filaments, (5-)6.5-8 um in diameter, unbranched or
sparingly branched, usually arcuate, arising from a
prostrate system of filaments more or less loosely
jointed. Erect filaments with secund laterals 1-3
cells long and/or chains of 1-3 monosporangia, usu-
ally placed on convex side of filaments. Cells of
erect filaments cylindrical to slightly clavate, 1-2.1
times longer than broad, 7.2-13.6 x 4.8-8 um; apical
cell 4.8-10.4 x 4-6.4 um. Plastid parietal, more or
less H-shaped with one pyrenoid often obscure.

Reproduction: Monosporangia ovoid, elliptic or
subspherical, 5.6-12.8 x 4-8.8 pum, arranged in ter-
minal or lateral chains of 1-3 monosporangia. Other
reproductive structures not seen.

Habitat: Epiphytic on Pterosiphonia complanata
in the substratum of Laminaria pallida kelp bed.

Namibian distribution: Rocky Point (Engledow,
1998), South Kunene (Map 6).

World distribution: Atlantic Ocean: South Africa
(Stegenga, 1985a); Namibia; (?)Western Baltic
(South and Tittley, 1986); Argentina, Fuegia
(Pujals, 1963, 1977). Pacific Ocean: Juan Fernan-
dez (Chapman, 1969); Peru (Dawson et al., 1964);
New Zealand (Chapman, 1969); Japan (Noda,
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FI1G. 25. — Acrochaetium catenulatum. Erect filaments with monosporangia. Plastid only showed in some cells. Scale bar = 50 um.

1987). Indian Ocean: Australia (Silva et al., 1996).
Probably world-wide in temperate seas (Stegenga et
al., 1997).

Remarks: Stegenga (1985a), in his paper about
the South African Acrochaetiaceae, describes A.
catenulatum differentiating gametophytes and tetra-
porophytes. The base is unicellular in the former and
pluricellular and consisting of prostrate axes in the
latter. This author states that in South Africa, the
tetrasporophyte (formerly known as Rhodochorton
densum Drew) is the usual generation in nature and
gametophytes only are known from cultures. More-
over, Stegenga (1985a) points out that, althoug the
relation between the two generations in South
African material has not been demonstrated, it is
probable because this material is very similar to the
European material used by Stegenga and Vroman
(1976) to study life history of this species.

Other consulted descriptions of A. catenulatum
(Dawson et al.,1964; Chapman, 1969; Noda, 1987)
possibly must correspond to gametophytes, because
they agree better with Stegenga’s (1985a) descrip-
tion of gametophytes than tetrasporophytes. A.
catenulatum  gametophytes are similar to
Acrochaetium microscopicum (Nigeli ex Kiitzing)
Nigeli (Audouinella microscopica (Négeli ex Kiitz-
ing) Woelkerling, according to some authors). Prob-

ably for this reason, Woelkerling (1972) included
this species and other similar taxa in the
«Audouinella microscopica complex». This opinion
was shared by Cribb (1983) and Woelkerling and
Womersley (1994). In contrast, other authors con-
sidered the two species separately (Stegenga, 1985a;
South and Tittley, 1986; Silva et al., 1996).

Our material is compatible with Stegenga
(1985a) and Stegenga et al. (1997) descriptions of
Acrochaetium catenulatum tetrasporophyte. Howev-
er, in our specimens the plastid seems parietal and H
shaped while according to Stegenga (1985a) the
plastid is axial and stellate.

Acrochaetium daviesii (Dillwyn) Négeli
(Fig. 26)

Conferva daviesii Dillwyn (1809), p. 73, pl. F.
Acrochaetium daviesii (Dillwyn) Nageli (1862), pp. 405, 412.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-
A 12027, with monosporangia; Swakopmund, beach, 8-07-1989,
BCF-A 12028, with monosporangia; Mile 30, 7-07-1989, BCF-A
12029, with monosporangia; Mile 32, 7-07-1989, BCF-A 12030,
with monosporangia; Mowe Bay, 4-02-1988, BCF-A 11826, with
monosporangia; 29 km south of Kunene river mouth, 22-02-1986,
BCF-A 12033, with monosporangia.

References: Dixon and Irvine (1977), Cribb (1983), Stegenga

(1985a), Lawson and John (1987), Woelkerling and Womersley
(1994), Coppejans (1995), Stegenga et al. (1997), as well as others.
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FIG. 26. — Acrochaetium daviesii. Erect filaments with monospo-
rangia. Scale bar = 50 um.

Habit and vegetative structure: Plant filamen-
tous, caespitose, up to 3 mm high, consisting of sev-
eral erect filaments arising from a pseudoparenchy-
matous basal disc; branched prostrate filaments
sometimes visible. Erect filaments 12-20 pm in
diameter, irregularly branched, frequently with clus-
ters of small branches bearing monosporangia. Cells
of erect filaments cylindrical, 0.7-2.4 times longer
than broad, 10-36 x 12-20 um; apical cell cylindri-
cal, terminating in a rounded end, 10-42 x 8-16 um.
Plastid parietal.

Reproduction: Monosporangia in clusters, ellip-
tic, pedicellate, 12-20 x 7-12 um. Other reproductive
structures not seen.

Habitat: Epiphytic on several algae such as Cen-
troceras clavulatum, Tayloriella tenebrosa and Plo-
camium rigidum, in the eulittoral and the upper sub-
littoral zones.

Namibian distribution: Swakopmund (Engle-
dow, 1998), Mile 30, Mile 32, Mowe Bay, South
Kunene (Map 7).
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World  distribution:  Almost
(Woelkerling and Womersley, 1994).

Remarks: Stegenga (1985a), in his paper about
the South African Acrochaetiaceae, records A.
daviesii (as Colaconema daviesii (Dillwyn) Stegen-
ga) and points out its similarity to A. nemalionis (as
Colaconema nemalionis (De Notaris) Stegenga).
This author states that these species are different by
the size of cells and monosporangia. Cells of A.
daviesii are shorter (1-2 times longer than broad)
than those of A. nemalionis (3-5 times longer than
broad) and monosporangia are also smaller (12-13.5
x 8.5-9.5 ym in A. daviesii and 16.5-19.5 x 9.5-11
um in A. nemalionis). Stegenga (1985a) also points
out that the size variation rank of cells and mono-
sporangia of A. daviesii in the literature is high and,
for this reason, he thinks that this name could group
several different species.

Concerning morphology and cellular dimensions
our material agrees with Stegenga’s (1985a) descrip-
tion of A. daviesii, but in monosporangia dimensions
our specimens are similar to A. nemalionis. On the
other hand, in our material, the diameter of the erect
filaments is relatively larger than that indicated in
most literature descriptions consulted (Dixon and
Irvine, 1977; Stegenga, 1985a; Lawson and John,
1987; Coppejans, 1995), although it agrees with the
dimensions stated by Woelkerling and Womersley
(1994); the dimensions of monosporangia also agree
with that stated by Woelkerling and Womersley
(1994).

cosmopolitan

Acrochaetium endophyticum Batters
(Fig. 27)

Acrochaetium endophyticum Batters (1896), p. 386.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12037, with monosporangia.

References: Dixon and Irvine (1977), Stegenga et al. (1997).

Habit and vegetative structure: Plant filamen-
tous, endophytic, spreading through cell walls of the
host. Filaments 4-6.4 pm in diameter, alternately or
irregularly branched, with cells usually cylindrical,
1.6-5.5 times longer than broad, 8.8-20 x 3.2-6.4
um. Plastid parietal, apparently without pyrenoid.

Reproduction: Monosporangia usually sessile,
more or less circular in surface view, 3.2-4.8 um in
diameter, included within the cell wall of the host or
projecting outside slightly.

Habitat: Endophytic in Pleonosporium filicinum,
in the lower eulittoral zone.



FiG. 27. — Acrochaetium endophyticum. A. Filaments with mono-

sporangia in surface view; plastid only showed in some cells. B.

Portion of a filament with monosporangia, in lateral view. Scale bar
=30 um.

Namibian distribution: Mile 8 (Engledow, 1998);
Swakopmund (Map 8).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia; France, British
Isles (South and Tittley, 1986); South of Britsh
Columbia (Scagel et al., 1986).

Remarks: Our material agrees quite well with the
Stegenga et al. (1997) description and iconography
of Audouinella endophytica (Batters) Dixon. Like-
wise, it also agrees with Dixon and Irvine (1977)
description of Audouinella emergens (Rosenvinge)
Dixon, and with Taylor’s (1957) description of
Acrochaetium emergens (Rosenvinge) Weber van
Bosse, although the filaments of the latter species
are thinner. Garbary et al. (1983) consider
Audouinella endophytica and A. emergens as con-
specific. This possibility has been pointed out by
Dixon and Irvine (1977).

Acrochaetium reductum (Rosenvinge) Hamel
(Fig. 28)

Chantransia reducta Rosenvinge (1909), p. 120.
Acrochaetium reductum (Rosenvinge) Hamel (1927), p. 95

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12036.

References: Ercegovic (1957), Stegenga (1985a), Stegenga et al.
(1997).

Habit and vegetative structure: Plant filamen-
tous, prostrate, up to 100 um long, consisting of
branched filaments 3.2-4.8 um in diameter, originat-
ing from a two-celled septate initial cell; bicellular
structure 6-10 x 5-8 um, easily recognized in well

developed specimens. Cells cylindrical or irregular
in shape, 1.2-2.3 times longer than broad, 5.6-7.2 x
3.2-4.8 um. Plastid with one central pyrenoid clear-
ly visible.

Reproduction: Reproductive structures not seen.

Habitat: Epiphytic on Streblocladia camptoclada.

Namibian distribution: Langstrand, Swakop-
mund, Wlotzkasbaken, Toscanini (Engledow, 1998)
(Map 9).

World distribution: Atlantic Ocean: South Africa
(Stegenga, 1985a); Namibia; Norway (South and
Tittley, 1986). Western Baltic (Nielsen et al., 1995).
Mediterranean: Adriatic Sea (Ercegovic, 1957).

Remarks: Our material agrees very well with Ste-
genga’s (1985a) description and iconography of A.
reductum tetrasporophyte. This author points out
that some species, like A. pulchellum Bgrgesen, A.
radiatum Jao, A. curtum Baardseth or some of those
included in the «Audouinella microscopica com-
plex» could be conspecific with some generation of
A. reductum. In this case, and according to Stegenga
(1985a), this species could present a wide distribu-
tion in temperate, subtropical and tropical Atlantic
areas. In this way, our specimens are quite similar to
the material of A. pulchellum described by Bgrgesen
(1915) and by Baardseth (1941), although they do
not have hairs and the cells are slightly smaller.

FIG. 28. — Acrochaetium reductum (three specimens). Scale bar = 20 um.

Acrochaetium secundatum (Lyngbye) Négeli in
Nigeli and Cramer (Fig. 29)

Callithamnion daviesii (Dillwyn) Lyngbye var. secundatum Lyng-
bye (1819), p. 129.

Acrochaetium secundatum (Lyngbye) Négeli in Nageli and
Cramer (1858), p. 532.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
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A 12035, with monosporangia; 29 km south of Kunene river mouth,
22-02-1986, BCF-A 12034, with monosporangia.

References: Zinova (1967), Dixon and Irvine (1977), Cribb (1983),
Stegenga (1985a), Woelkerling and Womersley (1994), Coppejans
(1995), Stegenga et al. (1997).

Habit and vegetative structure: Plant filamen-
tous, up to 1 mm tall, consisting of many branched
erect filaments, 8-14 um in diameter, arising from an
unistratose basal disc. Erect filaments alternately or
irregularly branched, with some long branches and
many short, 3-4 cells long, branches bearing mono-
sporangia. Distal part of main axes and long branch-
es usually simple and straight; short branches very
numerous at central part of the plant, frequently
opposite or secund. Cells of erect filaments cylindri-
cal, 1.3-4.3 times longer than broad, 12-34 x 7-14
um; apical cell cylindrical with a rounded end, 1.3-
4.8 times longer than broad, 10-38 x 8-10 um. Plas-
tid parietal, more or less H-shaped in some cells,
with one pyrenoid often obscure.

FIG. 29. — Acrochaetium secundatum. Detail of two filaments with
monosporangia. Scale bar = 50 um.
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Reproduction: Monosporangia numerous, ellip-
tic, 12-16 x 7-11 um, sessile or pedicellate, general-
ly in secund series on short branches, one in each
cell except in apical cell that often bears two mono-
sporangia; less frequently, monosporangia opposite
or placed directly on main axis or long branches.
Other reproductive structures not observed.

Habitat: Epiphytic on Chondria capensis and
Carpoblepharis minima.

Namibian distribution: Swakopmund, South
Kunene (Map 10).

World distribution: Atlantic Ocean: South Africa
(Stegenga, 1985a); Namibia; widespread in North
Atlantic Ocean (South and Tittley, 1986; Wynne,
1998; Price et al., 1986). Mediterranean Sea (Conde,
1991). Black Sea (Zinova, 1967). Pacific Ocean:
Korea (Lee, 1987). Indian Ocean: South Africa,
Madagascar, Mauritius (Silva et al., 1996); Aus-
tralia, Tasmania (Woelkerling and Womersley,
1994).

Remarks: Woelkerling (1973), in his paper on the
morphology and systematics of the «Audouinella
complex» on the Atlantic coast of North America,
remarks that the types of A. secundata (Lyngbye)
Dixon, A. virgatula (Harvey) Dixon and A. tenuissi-
ma (Collins) Garbary correspond to the same taxon.
This point of view is shared by Woelkerling and
Womersley (1994) and Silva et al. (1996). In con-
trast, Stegenga (1985a) comments that morphologi-
cal wvariation of South African material of
Acrochaetium secundatum distinguishes this species
from A. virgatulum (Harvey) Bornet as a variety, but
that assigning individual plants to one or other is not
always easy. In this way, Coppejans (1995) consid-
ers A. virgatulum as a form of A. secundatum (as
Chromastrum secundatum f. virgatulum (Harvey)
Papenfuss). On the other hand, Stegenga (1985a)
considers A. secundatum and A. tenuissimum
(Collins) Papenfuss as two different taxa pointing
out that, although Woelkerling (1973) considers
them synonymous, these species can be distin-
guished by the germination type and monospo-
rangium size.

This diversity of opinions about taxonomy of this
species prevents a definite knowledge of its real dis-
tribution, and hence the distribution reported in this
paper is only illustrative. Stegenga (1985a) points
out that A. secundatum is an Atlantic species and
quite common in South African west coast. In con-
trast, according to Woelkerling and Womersley
(1994), A. secundatum (sensu latu) occurs also in
Indian and Pacific Oceans.



According to Stegenga’s (1985a) work, our
material agrees better with A. secundatum than A.
tenuissimum, although in the former the plastid is
axial and stellate and in our specimens it seems pari-
etal, more or less lobulate and sometimes H shaped.

Concerning morphology, our specimens are sim-
ilar to Wynne’s (1986) photographs of Audouinella
hypneae (Bgrgesen) Lawson and John and to
Coppejans’ (1995) iconography of Chromastrum
secundatum f. virgatulum. Wynne (1986) records A.
hypneae from Swakopmund (Namibia), showing
two photographs but without present any description
nor remark, except that this species is epiphyte on
Epymenia obtusa. Accoding to Bgrgesen (1915),
Acrochaetium hypneae Bgrgesen has a base endo-
phyte in the cell wall of Hypnea sp. and erect axes
scarcely branched, whereas our specimens and
Wynne’s specimens lack this endophytic base. Con-
cerning C. secundatum f. virgatulum, our material
agrees quite well with Coppejans’ (1995) drawing,
but does not agree so well with the description.

Acrochaetium sp.
(Fig. 30)

Selected specimens: Cape Frio, 23-02-1986, BCF-A 12038, with
tetrasporangia and polysporangia.

Habit and vegetative structure: Plant filamen-
tous, caespitose, 1 mm high, consisting of prostrate
and erect filaments. Prostrate filaments joined
forming a monostromatic base; cells oblong, squar-
ish or with a more or less sinuous outline, 5-14 x 4-
6 um in surface view. Erect filaments 6-8 um in
diameter, simple or scarcely branched, bearing
numerous sporangia; cells of erect filaments gener-
ally oblong, 1.2-3.5 times longer than broad, 10-28
X 6-8 um; apical cell cylindrical, with a rounded
end, 1.5-3.7 times longer than broad, 12-26 x 6-8
um. Plastid parietal, lobate, with 1-3 pyrenoids
clearly visible.

Reproduction: Tetrasporangia numerous, elliptic,
15-20 x 9-11 pm, sessile, irregularly arranged along
erect filaments, sometimes terminal; polysporangia
with 6-8 spores usually frequent. Other reproductive
structures not seen.

Habitat: Epiphytic on Ahnfeltiopsis glomerata in
the lower eulittoral zone.

Namibian distribution: Cape Frio (Map 11).

Remarks: Concerning pyrenoid number our mate-
rial could be similar to Acrochaetium botryocarpum
(Harvey) J. Agardh (Audouinella caespitosa (J.

FiG. 30. — Acrochaetium sp. A. Upper part of an erect filament. B-
E. Sporangia. F. Lower part of the plant. Scale bar = 20 um.

Agardh) Dixon, according to some authors) or to
Acrochaetium dictyotae Collins (Audouinella dicty-
otae (Collins) Woelkerling). A. botryocarpum has 1-6
pyrenoids per cell in a parietal and lobulate plastid
(Chapman, 1969) or in 2-6 parietal, often fused, plas-
tids (Stegenga, 1985a; Woelkerling and Womersley,
1994). In the same way, A. dictyotae has cells with
one parietal lobulate plastid (sometimes divided in 2-
4 plastids) and 1-4 pyrenoids (Woelkerling and Wom-
ersley, 1994). However, neither the habit, nor cellular
dimensions of our specimens agree with these taxa.
Moreover, Namibian material has tetrasporangia
irregularly divided or polysporangia with 6-8 spores,
whereas A. botryocarpum and A. dictyotae have
monosporangia. In this way, our material agrees with
Acrochaetium polysporum Howe, which has polispo-
rangia with 8-12(-327) spores (Dawson et al., 1964),
but in contrast to our specimens, this species has only
one pyrenoid per cell.

Order PALMARIALES Guiry and Irvine in Guiry
(1978)
Family RHODOTHAMNIELLACEAE Saunders
in Saunders et al. (1995)
Genus Rhodothamniella J. Feldmann in
Christensen (1978), emend. Saunders
in Saunders et al. (1995)
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F1G. 31. — Rhodothamniella floridula. A. Upper part of an erect fil-
ament. B. Branches with few developed sporangia. C. Plastids.
Scale bar = 50 ym.

Rhodothamniella floridula (Dillwyn) J. Feldmann
in Christensen (Fig. 31)

Conferva floridula Dillwyn (1809), p. 73, suppl. pl. F.
Rhodochorton floridulum (Dillwyn) Négeli (1862), p. 358.
Audouinella floridula (Dillwyn) Woelkerling (1971), p. 30.
Rhodothamniella floridula (Dillwyn) J. Feldmann in Christensen
(1978), p. 67.

Lectotype: BM. Galway coast, Ireland.

Selected specimens: Rocky Point, 24-02-1986, BCF-A 12031, with
monosporangia.

References: Hamel (1928), Baardseth (1941), Dixon and Irvine
(1977), Stegenga (1985a), Woelkerling and Womersley (1994),
Coppejans (1995), Stegenga et al. (1997).

Habit and vegetative structure: Plant filamen-
tous, 12 mm high, consisting of some irregularly
branched basal filaments, 20-24 um in diameter, and
one erect filament, also branched, 20-28 um in
diameter. Branches of basal filaments arising at right
angle from the central part of the cells; cells with a
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more or less sinuous outline, 4.3-6.4 times longer
than broad, 100-132 x 20-24 um; apical cells of
basal filaments usually longer, rounded to the apex
and without plastids. Branches of erect filament
secundly arranged, adaxial, fastigiate, arising from
the upper third of the cells; cells cylindrical, 2.1-5
times longer than broad, 60-112 x 20-28 um. Plas-
tids numerous, parietal, with one pyrenoid; some-
times stellate or more or less fused between them
forming a parietal lobulate or reticulate plastid.

Reproduction: Reproductive structures rare, little
developed, resembling elliptic monosporangia, 30-
34 x 22-24 pm, terminal or lateral on 4 celled
branches, 16 um in diameter.

Habitat: Specimen not attached, growing
between Hypnea ecklonii axes in the lower eulittoral
zone.

Namibian distribution: Rocky Point (Map 12).

World distribution: Atlantic Ocean: Tristan da
Cunha (Baardseth, 1941); South Africa (Stegenga et
al., 1997); Namibia; Portugal to Norway, British
Isles (South and Tittley, 1986). Mediterranean Sea:
Italy (Conde, 1991). Pacific Ocean: Australia
(Woelkerling and Womersley, 1994). Indian Ocean:
South Africa (Silva et al., 1996); South Australia
(Woelkerling and Womersley, 1994).

Remarks: Rhodothamniella floridula was
described by Dillwyn (1809) as Conferva floridula.
Subsequently, Feldmann (1954) established the
genus Rhodothamniella (later validated by Chris-
tensen, 1978) to include the Acrochaetiaceae having
several parietal plastids with one pyrenoid each, and
transferred Conferva floridula to the new genus.
More recently, on the basis of molecular and mor-
phologic data, Saunders et al. (1995) study the phy-
logenetic relations of some species of the
«Acrochaetiales-Palmariales complex» and consider
R. floridula as an early stage of Palmariales for
which Saunders established the Rhodothamniel-
laceae.

The only specimen found in our study was a free
living plant with little developed reproductive struc-
tures. In contrast, the vegetative features agree quite
well with literature descriptions, although Stegenga
(1985a) points out that the diameter of erect fila-
ments is 19-21.5 pm, whereas in the Namibian spec-
imen it is 20-28 um.

Order NEMALIALES Schmitz in Engler (1892)
Family GALAXAURACEAE Parkinson (1983)
Genus Nothogenia Montagne (1843)



FI1G. 32. — Nothogenia erinacea. A. 5 km south of Swakopmund, 6-07-1989, BCF-A 11560. B. Mowe Bay, Suider Kust, 6-02-1988, BCF-A
11827. C. Swakopmund, beach, 8-07-1989, BCF-A 11563, specimen ending in a swollen vesicule. Scale bar = 2 cm.

Key to species of Nothogenia:

1. Plant foliose, proliferous, up to 30 cm high........
........................................................... N. erinacea
1. Plant with vesicular structure, without prolifera-
tions, up to 5 cm high.......cccoooeneice. N. ovalis*

* N. ovalis was not observed. More information
about this taxon can be found in Stegenga et al. (1997).

Nothogenia erinacea (Turner) Parkinson
(Figs. 32-35; Plate I)

Fucus erinaceus Turner (1808), p. 55.

Chaetangium erinaceum (Turner) Papenfuss (1952), p. 173.
Nothogenia erinacea (Turner) Parkinson (1983), p. 609.
Chaetangium ornatum sensu Kiitzing (1843), p. 392. Non Fucus
ornatus Linnaeus (1771), p. 312 (=Suhria vittata (Linnaeus)
Endlicher (1843), p. 41).

Chaetangium magnificum Pilger (1908), p. 181.

Nothogenia magnifica (Pilger) J. H. Price in John et al. (1994), p. 80.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11560; Swakopmund, beach, 8-07-1989, BCF-A 11563, with car-
posporangia; Mile 108, 13-07-1989, BCF-A 11561, with carpospo-
rangia; Terrace Bay, February-1986, BCF-A 11564, with carpospo-
rangia; Mowe Bay, 5-02-1988, BCF-A 11830, with carposporangia;
Mowe Bay, Cala Poste, 7-02-1988, BCF-A 11828, with carpospo-
rangia; Mowe Bay, Suider Kust, 6-02-1988, BCF-A 11827, with
carposporangia; Rocky Point, 24-02-1986, BCF-A 12039, with car-
posporangia; 29 km south of Kunene river mouth, 22-02-1986,
BCF-A 11562, with carposporangia.

References: Schmidt (1957), Simons (1969, 1976), Branch and
Branch (1981), Anderson and Stegenga (1985), Stegenga et al. (1997).

Habit and vegetative structure: Plant (gameto-
phyte) foliose, stipitate, up to 30 cm high, attached
to the substratum by a basal disc. Blade more or less
papery, elongate, usually lanceolate, (1-)1.5-6 cm
broad, simple or divided, proliferous, sometimes
truncate and more or less perforate, occasionally
ending in a cylindro-conical swollen vesicula; pro-
liferations abundant, digitate, 5-25 x 1-3 mm, or
foliose and more or less lanceolate, 1-9 cm long and
3-10 mm broad, simple or divided, originating both
from the margin and the blade surface; sometimes
blade surface smooth with only marginally arranged
proliferations; stipe terete, short, 1-10 mm long and
1-2 mm in diameter. Cortical cells more or less iso-
diametric in surface view, 1-3 um in diameter, com-
pactly arranged. Blade 200-300 um thick; in cross
section, cortex consisting of branched and entangled
anticlinal filaments, with elongate cells, 2-16 x 1-3
(-4) um, the inner usually bigger than the outer;
medulla compact, consisting of slender branched fil-
aments, 4-6 um in diameter (the lumen 1-2 um in
diameter), irregularly arranged; cells of the transi-
tional zone between cortex and medulla often with
proliferations.
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FiG. 33. — Nothogenia erinacea. Cross section of the blade. Scale
bar = 80 pm.

Tetrasporophyte crustose, completely attached to
the substratum. Cells elliptic or more or less isodia-
metric in surface view, 3-5 um in greater diameter.
Crust 140-237 um thick in cross section, consisting
of a basal layer of cells giving rise to strongly
joined, simple or sparingly branched erect filaments,
20-25 cells long; cells of basal layer usually higher
than broad, 6-14 x 3-8 um; cells of erect filaments
squarish or rectangular, 5-10 x 2-7 um, the lower
cells slightly larger than the upper.

Reproduction: Tetrasporangia cruciately or
decussately divided, elliptic, 28-40 x 10-14 pm, ter-
minal on erect filaments and placed between para-
physes in nemathecia more or less gelatinous; para-
physes 68-111 um long, laxly joined between them,
consisting of 8-10 elongate cells, 6-18 x 2-3 um.
Carposporangia in spherical or lobulate cavities
resembling conceptacles, 172-600 um in diameter,
placed in simple or branched digitate proliferations
and opening to the exterior by a pore; carposporan-
gia clavate, 14-30 x 5-12 pm, terminal on branched
filaments. Spermatangia not seen.

Habitat: Epilithic in the lower eulittoral zone,
forming a more or less wide belt together with
Caulacanthus ustulatus, Centroceras clavulatum
and Chaetomorpha aerea. Gametophytes often
bearing Caulacanthus ustulatus and Streblocladia
camptoclada as epiphytes.

Namibian distribution: Liideritz, Walvis Bay,
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FiG. 34. — Nothogenia erinacea. A-B. Cross section. A. Tetrasporo-
phyte. B. Cortical zone of the blade (gametophyte). Scale bar = 20 um.

F1G. 35. — Nothogenia erinacea. A. Cross section of a fertile prolif-
eration. Scale bar = 1 mm. B. Portion of a conceptacle with
carposporangia, in cross section. Scale bar = 80 um.

Swakopmund, Torra Bay, Mowe Bay, Rocky Point,
Cape Frio (Lawson et al., 1990); Mile 108, Terrace
Bay, South Kunene (Map 13).

World distribution: Atlantic Ocean: South Africa,
Namibia (Anderson and Stegenga, 1985). Indian
Ocean: South Africa (Silva et al., 1996).

Remarks: Nothogenia erinacea was described by
Turner (1808), as Fucus erinaceus, from the Cape of
Good Hope and at present this species is known only
from South Africa and Namibia.

Anderson and Stegenga (1985), from carpospore
culture, showed the existence of an incrustant



tetrasporophyte phase in the life cycle of Notho-
genia erinacea and N. ovalis. These authors point
out, moreover, that tetrasporophytes of the two
species are similar and these incrustant plants could
be found in nature, between Nothogenia gameto-
phytes. In this way, we have observed some incrus-
tant plants that are consistent with the description of
the tetrasporophyte of Nothogenia species of Ander-
son and Stegenga (1985), and as we have found
them between N. erinacea gametophytes, we con-
sider these incrustant plants as the tetrasporophyte
of this species.

In addition to N. erinacea, Lawson et al. (1990)
and John et al. (1994) recorded from Namibia N.
magnifica (Pilger) Price and N. ovalis (Suhr)
Parkinson.

N. magnifica was described by Pilger (1908), as
Chaetangium magnificum, from Swakopmund spec-
imens similar to N. erinacea, but with a gas vesicle
in the apex. Later, Papenfuss (1940b), after a study
of the type material, pointed out that C. magnificum
was a synonym for C. ornatum (Linnaeus) Kiitzing
(at present Nothogenia erinacea). Nevertheless,
Price (in John et al., 1994) questioned this conspeci-
ficity and transferred C. magnificum to the genus
Nothogenia. According to references cited in Law-
son et al. (1990) and John ef al. (1994), in most
cases on the basis of Pilger (1908), Nothogenia mag-
nifica has been recorded only from Swakopmund.
Concerning our material, and as we do not know
what are the reasons to not consider these species as
conspecific, we prefer to follow Papenfuss (1940b)
and to consider only N. erinacea.

Concerning N. ovalis, which was not present in
our samples, the only records from Namibia corre-
spond to the Liideritz area (Grossebucht and
Liideritz) and Mowe Bay (Lawson et al., 1990).

Order GELIDIALES Kylin (1923)
Family GELIDIACEAE Kiitzing (1843)
Genus Gelidium Lamouroux (1813) nom. cons.

In addition to the species referred to in the present
study, G. micropterum and G. pteridifolium were
also recorded from Namibia. The information that
we have on these species is not sufficient to establish
a reliable key to permit their identification. See
remarks in G. pusillum.

Gelidium pusillum (Stackhouse) Le Jolis
(Figs. 36, 37)

Fucus pusillus Stackhouse (1795), p. 16.
Gelidium pusillum (Stackhouse) Le Jolis (1863), p. 139.

Selected specimens: Mile 32, 7-07-1989, BCF-A 11572; Rocky
Point, 24-02-1986, BCF-A 11916, with carposporangia; 29 km
south of Kunene river mouth, 22-02-1986, BCF-A 11571, with
tetrasporangia.

References: Feldmann and Hamel (1936), Dixon and Irvine (1977),
Schnetter and Bula-Meyer (1982), Lawson and John (1987),
Desikachary et al. (1990), Fredriksen et al. (1994), Womersley and
Guiry (1994), Coppejans (1995), Lee and Kim (1995).

Habit and vegetative structure: Plant 1-3 cm
high, consisting of prostrate and erect axes, the lat-
ter arising from the former. Prostrate axes terete,
160-340 pum in diameter, branched, ending in acute
apices and bearing attachment pads. Erect axes

FiG. 36. — Gelidium pusillum. A. Mile 32, 7-07-1989, BCF-A
11572. - B. 29 km south of Kunene river mouth, 22-02-1986, BCF-
A 11571. Scale bar = 1 cm.
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cylindrical at the base, 160-340 um in diameter, pro-
gressively flattened upwards, forming narrow lance-
olate blades, 700-1500 um broad, simple or with lat-
erally and more or less distichously arranged prolif-
erations, sometimes arising from the blade surface;
apex obtuse, often truncate and proliferous, with
flattened or terete proliferations. Outer cortical cells
of erect axes polygonal, isodiametric or elongated in
surface view; those of the lower part of the axes 8-
22 x 8-12 pm, arranged in a continuous layer, and
those of the median part of the axes 4-12 x 3-8 um,
more laxly arranged. Plastid parietal. Medulla and
cortex differentiated in cross section; medullar cells
elliptic or more or less isodiametric, thick-walled,
those of the prostrate axes 12-18 x 10-16 ym and
those of the median part of the erect axes 10-18 x 8-
14 um; cortex 4-5 cells thick in the terete part of the
erect axes and 2-3 cells thick in the flattened part;
cortical cells pigmented, elliptic or isodiametric, 5-
10 x 4-8 um, the inner ones with some protuberance,
especially in fertile branches; rhizines 4-5 x 2-4 um,
abundant throughout the medulla of erect axes, less
frequent in prostrate ones.

Reproduction: Tetrasporangia elliptic, 42-56 x
24-34 pm, cruciately-decussately divided, arranged
in sori in spatulate proliferations. Cystocarps ellip-
tic, 600-700 um long and 560 pm wide, divided into
two cavities by a longitudinal wall, each cavity with
a visible pore; carposporangia 34-82 x 16-28 um,
arranged in clusters in both sides of the dividing
wall, between bifurcate filaments joined with the
cortical cells of cystocarp. Spermatangia not seen.

Habitat: In the lower eulittoral zone, together
with Nothogenia erinacea, Gastroclonium reflexum,
Hypnea sp., Gracilariopsis longissima and Ahnfel-
tiopsis vermicularis; also in the upper sublittoral
together with Pterosiphonia complanata.

Namibian distribution: Swakopmund (Lawson et
al., 1990); Mile 32, Rocky Point, South Kunene
(Map 14).

World distribution: Widely distributed (Womers-
ley and Guiry, 1994). The world distribution of G.
pusillum should be taken with some caution, since
this name usually refers to short specimens of Gelid-
ium that probably belong to different species.

Remarks: According to Lawson et al. (1990) and
Molloy (1990) the species of Gelidium present in
Namibia are G. micropterum Kiitzing, G. pristoides
(Turner) Kiitzing (at present Onikusa pristoides
(Turner) Akatsuka), G. pusillum (Stackhouse) Le
Jolis and G. pteridifolium R. Norris, Hommersand
and Fredericq, in addition to a number of Gelidium

48 J.RULL LLUCH

FiG. 37. — Gelidium pusillum. A, C. Cortical cells of an erect axis in

surface view. A. Basal zone (terete). C. Median zone (flattened). B,

D. Cross section of an erect axis. B. Cylindrical part. D. Flattened
part. Scale bar = 25 um.

spp. from Mowe Bay, Rocky Point and Namibia
(without locality).

Onikusa pristoides is an endemism from South
Africa, especially abundant on the east coast (Carter,
1985; Akatsuka, 1986; Anderson et al., 1989, 1991;
Stegenga et al., 1997), mainly differing from Gelid-
ium by the presence of a midrib (Akatsuka, 1986).
Lawson et al. (1990) record G. pristoides without
locality on the basis of Price et al. (1988). In this
paper, the authors record this species from Namibia
from an unpublished paper cited as Lawson and
Isaac (1982). As this record is not clear, and it is
very distant from the distribution area of the species,
we do not consider this species in Namibian marine
flora.

Concerning Gelidium micropterum, Jaasund
(1976) points out that this species and G. pusillum
are similar, but the former is larger and shows a
more regular growth model than the latter. Freshwa-
ter and Rueness (1994) also show this similarity on
the basis of DNA sequentiation of different Gelidi-
um species. These authors distinguish a homoge-
neous group of species formed by specimens of G.
pusillum from the Canary Islands and Brazil and
specimens of G. micropterum from South Africa.
Stegenga et al. (1997) record G. micropterum from
the south coast of South Africa and they comment
on the possibility that the specimens from Namibia
and the South African west coast did not correspond
to the same taxon.



Gelidium pteridifolium is a South African
species, more abundant on the eastern coast than the
western coast (Norris et al., 1987; Stegenga et al.,
1997). This species has been recorded from Namib-
ia, without locality, by Molloy (1990). G. pteridi-
folium differs from G. pusillum mainly by its habit,
since it is an erect plant reaching up to 50 cm in
height, and consists of up to 4 times pinnately
branched, flattened axes (2 mm broad).

Gelidium reptans (Suhr) Kylin, a species from
the south and east coasts of South Africa and
Mozambique (Norris, 1992a; Stegenga et al., 1997),
is also quite similar to Gelidium pusillum. Accord-
ing to Norris (1992a), the former species differs
from the latter in its anatomy and by having a more
defined sori of tetrasporangia. In contrast, Bgrgesen
(1943) and Price et al. (1988) consider G. reptans
and G. pusillum var. pulvinatum as the same taxon.

G. pusillum is part of a group of small or medi-
um-sized species with great morphological varia-
tion, which complicates specimen identification
(Fredriksen et al., 1994). As a result, the genus
Gelidium is one of the most confused genera in
terms of both taxonomy and nomenclature (Dixon,
1967). In a first attempt to clarify the taxonomy of
European Gelidium, Feldmann and Hamel (1936)
recognise several species and varieties among small
and medium-sized Gelidium. These authors have
been followed by Lawson and John (1987),
Echegaray (1988), Lee and Kim (1995) and Coppe-
jans (1995). Dixon and Irvine (1977), on the basis of
the studies of specimens in nature, reduce to only
two species the small or medium-sized Gelidium
occurring in British Isles: G. pusillum [including G.
crinale (Turner) Lamouroux and G. pulchellum
(Turner) Kiitzing] and G. latifolium (Greville) Bor-
net and Thuret [including G. attenuatum (Turner)
Thuret]. Several authors in different parts of the
world have followed this initiative, which has
increased the confusion in this genus, since recent
studies of G. pusillum specimens from different geo-
graphical areas show that these specimens do not
relate to the European taxon (Freshwater and Rue-
ness, 1994). On the other hand, Fredriksen et al.
(1994), on the basis of electrophoresis and growth
curves, have shown that G. pusillum and G. pulchel-
lum are different species. Moreover, preliminary
studies point out that G. crinale is probably also a
different species (Fredriksen et al., 1994).

Our specimens consist of cylindrical prostrate
axes and flattened erect axes, simple or irregularly
branched, and often bearing filiform proliferations.

According to these features our material agrees with
G. pusillum var. pulvinatum (C. Agardh) J. Feld-
mann, which differs only from var. pusillum by hav-
ing flattened axes (Feldmann and Hamel, 1936). In
this way, our material agrees with Lawson and John
(1987), Lee and Kim (1995) and Coppejans (1995)
descriptions, although Namibian specimens are
higher (up to 3 cm opposite to 1-2 cm according to
other authors) and have outer cortical cells relative-
ly larger in surface view (4-12 um of greater diame-
ter opposite to 3-6 pm according to other authors).

Following Freshwater and Rueness (1994), we
believe that morphological studies of material con-
sidered as G. pusillum in different parts of the world
should be carried out, and the results should be
checked by molecular methods.

Genus Suhria
J. Agardh ex Endlicher (1843) nom. cons.

Suhria vittata (Linnaeus) Endlicher
(Figs. 38, 39)

Fucus vittatus Linnaeus (1767), p. 718.
Suhria vittata (Linnaeus) Endlicher (1843), p. 41.
For the synonyms see Seagrief (1984).

Selected specimens: Langstrand, 6-07-1989, BCF-A 11567, with
carposporangia and spermatangia; 5 km south of Swakopmund, 6-
07-1989, BCF-A 11566, with bisporangia and carposporangia;
Swakopmund, beach, 8-07-1989, BCF-A 11568, with bisporangia,
carposporangia and spermatangia; Rocky Point, 24-02-1986, BCF-
A 11565, with bisporangia.

References: Fan (1961), Simons (1976), Branch and Branch (1981),
Anderson and Bolton (1985), Anderson et al. (1989), Molloy
(1990), Stegenga et al. (1997).

Habit and vegetative structure: Plant up to 24 cm
high, consisting of simple or branched stipitate and
cuneate blades, (0.5-)1-2 cm broad and 180-240 um
thick, that bear numerous short marginal prolifera-
tions and a midrib. Midrib especially prominent in
the median and lower parts of the plant, 760-1300
um thick, but scarcely visible in the upper; stipe
terete, 1-10 mm long and 1-2 mm in diameter.
Attachment by a basal disc. Blade surface smooth,
sometimes perforate, with laminar proliferations up
to 16 cm long and 1-1.5 cm broad arising from the
midrib, and occasionally with some scattered short
proliferations morphologically similar to marginal
ones; marginal proliferations compressed, more or
less spatulate, 1-4 mm long and about 500 pm broad,
simple or more or less pinnately branched, with the
apical cell sunken. Outer cortical cells usually elon-
gate in surface view, 5-10 x 3-8 um. In cross section,
blades differentiated into cortex and medulla, the
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F1G. 38. — Suhria vittata. Rocky Point, 24-02-1986, BCF-A 11565.
Scale bar = 3 cm.

latter more compact in the midrib than in the flat-
tened portion of the blade and consisting of cells and
rhizines; medullar cells rounded, sinuous in outline;
rhizines quite abundant, especially in the outer
medulla of the midrib, 4-8 um in diameter, irregu-
larly arranged; cortex 2-3 cells thick, the outer cells
4-12 x 4-8 um and the inner ones rounded and larg-
er, 10-12(-16) x 8-12 um.

Reproduction: Reproductive structures placed in
the marginal proliferations of the blade, sometimes
also in superficial short proliferations. Bisporangia
ovoid or elliptic, 30-42 x 18-30 um. Plant dioecious.
Cystocarps 320-600 pum in surface external diame-
ter, protrude from both sides of the proliferations,
each with a pore 20-100 ym in diameter, and inter-
nally divided into two cavities by a monostromatic
longitudinal wall that bears the carposporangia; car-
posporangia claviform or more or less cylindrical,
32-68 x 10-24 ym. Spermatangia 2-3 pym in diame-
ter in surface view.

Habitat: In the upper sublittoral zone, between
Laminaria pallida haptera; on Patella sp. shells, in
drift material.

Namibian distribution: Elizabeth Bay, Liideritz,
Swakopmund, Moéwe Bay (Lawson et al., 1990);
Langstrand, Rocky Point (Map 15).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997); (7)Ghana (Lawson
and John, 1987); Argentina (Pujals, 1963). Indian
Ocean: St. Paul Island, South Africa, Mauritius,
Oman (Silva et al., 1996).
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FI1G. 39. — Suhria vittata. A. Cortical cells in surface view. B. Cross
section of the blade margin. C. Cross section of a fertile prolifera-
tion with bisporangia. Scale bar = 20 pm.

Remarks: According to Anderson and Bolton
(1985), Anderson et al. (1989) and Stegenga et al.
(1997), Suhria vittata is a Southern African endem-
ic species that occurs from Mowe Bay (Namibia) to
Cape Agulhas (south of South Africa). Anderson
and Bolton (1985) also remark that in South Africa
this species is more abundant on the west coast of
the Cape Peninsula than at east of the Cape Point.
This suggests that the species has a greater affinity
to cold waters than warm waters. Nevertheless, in
the Indian Ocean catalogue, Silva ef al. (1996) also
record S. vittata from St. Paul Island, Mauritius and
Oman. Likewise, in the Argentina catalogue, Pujals
(1963) compile some ancient records of this species
from the south of the country. S. vittata has also
been recorded from Ghana by Hornemann (1819),
but Lawson and John (1987) question the record of
this cold affinity species from Ghana, and point out
that it is impossible to verify since the material was
partially destroyed in 1807 by fire.

Order GRACILARIALES Fredericq and
Hommersand (1989a)
Family GRACILARIACEAE Nigeli (1847)
Genus Gracilariopsis Dawson (1949)



Molloy and Bolton (1995) and Engledow (1998)
report Gracilariopsis lemaneiformis from Namibia.
This species is morphologically and anatomically
very similar to G. longissima, from which it can be
distinguished by molecular techniques. See remarks
on this species.

Gracilariopsis longissima (S. G. Gmelin)
Steentoft, L. Irvine and Farnham
(Figs. 40, 41)

Fucus longissimus S. G. Gmelin (1768), p. 134.

Gracilariopsis longissima (S. G. Gmelin) Steentoft, L. Irvine and
Farnham (1995), p. 117.

Fucus verrucosus Hudson (1762), p. 470, nom. rejic. prop. (Irvine
and Steentoft, 1995).

Gracilaria verrucosa (Hudson) Papenfuss (1950), p. 195.

Neotype: OXF, Dillenius Herbarium: 51, n. 53.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-
A 11665; Mile 30, 7-07-1989, BCF-A 11666, with carposporangia;
Mile 32, 7-07-1989, BCF-A 11667, with carposporangia; Cape
Cross, 7-07-1989, BCF-A 11668, with carposporangia; Mile 108,
13-07-1989, BCF-A 11669; Rocky Point, 24-02-1986, BCF-A
11670; 29 km south of Kunene river mouth, 22-02-1986, BCF-A
11671.

References: Fredericq and Hommersand (1989b), Steentoft et al.
(1995).

Habit and vegetative structure: Plant up to 45 cm
high, consisting of subulate erect axes, (0.5-)1-2(-3)
mm in diameter in the median part, slightly con-
stricted basally, irregularly branched, sometimes
proliferous from break zones, joined in a caespitose
base; branches generally long, some short and more
or less spiniform, usually curved at base and more or
less laterally arranged. Outer cortical cells elongate
or isodiametric in surface view, 6-15 x 4-10 um. In
cross section, medullary cells elliptic, rounded or
irregularly polygonal, 55-553 x 40-427 um, thick-
walled and colourless; cortical cells pigmented,
more or less cylindro-conical, 8-22 x 4-12 um, anti-
clinally arranged; subcortical cells ovate or elliptic,
10-74 x 8-48(-70) um, anticlinally arranged forming
a well differentiated band. In a longitudinal section,
subcortical cells usually elongate, 2.5-5.2 times
longer than broad, 38-130 x 12-36 um, periclinally
arranged.

Reproduction: Cystocarps wart-like, subspheri-
cal or longitudinally elongated, 1.5-2.5 mm in great
external diameter, ostiolate, sessile, more or less
constricted basally and sometimes mucronate;
young cystocarps hemispherical and not basally
constricted; in a longitudinal section, pericarp con-
sisting of several layers of elongate cells, the outer-
most of which are arranged anticlinally and the
remainder periclinally in anticlinal rows; pericarp

FiG. 40. — Gracilariopsis longissima. Mile 32, 7-07-1989, BCF-A
11667. Scale bar = 3 cm.

apparently not joined by any kind of cells with the
gonimoblast; carposporangia ovate or almost isodia-
metric, 24-50 x 18-36 um, more or less arranged in
chains. Other reproductive structures not seen.

Habitat: Epilithic in the lower eulittoral or in tide
pools, often associated with sand cover; also present
in drift material.

Namibian distribution: Swakopmund, Mile 30,
Mile 32, Cape Cross, Mile 108, Rocky Point, South
Kunene (Map 16).

World distribution: Atlantic Ocean: Namibia;
European Atlantic coasts, from northern Iberian
Peninsula to British Isles (Steentoft er al., 1995).

Remarks: Dawson (1949) segregated Gracilari-
opsis from Gracilaria on the basis of the structure
of the cystocarp and later Papenfuss (1966) merged
them again and considered Gracilariopsis as a syn-
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onym of Gracilaria. Fredericq and Hommersand
(1989a), on the basis of a detailed study on
Gracilaria verrucosa (Hudson) Papenfuss in
British Islands, established the order Gracilariales
and remarked that in this geographical area two
species of different genus have been confused: G.
verrucosa (at present, G. gracilis (Stackhouse)
Steentoft, L. Irvine et Farnham) and a species that
Fredericq and Hommersand (1989b) assigned to the
genus Gracilariopsis. In this latter paper the authors
carried out a detailed morphological and anatomical
study of the reproductive structures of Gracilariop-
sis lemaneiformis (Bory de Saint Vincent) Dawson,
Acleto et Foldvik, the type species of the genus, and
resurrected the genus Gracilariopsis. Moreover, the
authors enlarged the distribution of G.
lemaneiformis, mainly a Pacific species, to the
Atlantic European coasts. In addition, Fredericq
and Hommersand (1989b) stated that the morpho-
logical similarity between this taxon and Gracilar-
ia verrucosa, as well as the possibility that the two
taxa occur together, is why these taxa had not been
considered formerly as two different species. On
the other hand, the reduction of Gracilariopsis to a
synonym of Gracilaria proposed by Papenfuss
(1966) has been generally accepted (Abbott and
Hollenberg, 1976; Scagel et al., 1986; Kapraun,
1980; Gargiulo et al., 1992; Price et al., 1988;
Cordero, 1981; etc.), a fact that has contributed to
increase the confusion, since the specimens com-
posed of irregularly branched terete axes have often
been included in the genus Gracilaria (Rice and
Bird, 1990).

Steentoft et al. (1995) carried out a detailed study
of material of the British Islands in order to find veg-
etative differences between the two species and con-
firm that a species of Gracilaria and another of
Gracilariopsis had been previously confused. Con-
cerning Gracilariopsis, the authors consider the pos-
sibility that the species identified as G.
lemaneiformis by Fredericq and Hommersand
(1989b) was, in fact, another species of this genus
that agrees with Fucus longissimus S. G. Gmelin
and that Steentoft er al. (1995) combine as G.
longissima. In this way, molecular studies have
demonstrated that G. longissima (as Gracilariopsis
sp.) and G. lemaneiformis are two different species
of the same genus (Bird et al., 1990). Concerning
Gracilaria, the material had been usually assigned
to G. verrucosa (Dixon and Irvine, 1977; Fredericq
and Hommersand, 1989a; Rice and Bird, 1990; etc),
a species whose controversial taxonomy has been
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FI1G. 41. — Gracilariopsis longissima. A-B. Outer part of the section of
an axis. A. Cross section. B. Longitudinal section. Scale bar = 50 um.

recently clarified, being the correct name G. gracilis
(see Silva et al., 1996). In this regard, only to state
that G. verrucosa (Hudson) Papenfuss had been
considered the type species of the genus (Fredericq
and Hommersand, 1990), but that the lectotype
[«Fucus marinus purpureus parvus caule et ramulis
seu foliolis teretibus», t. 50, No. 50, Herb. Dillenius
(OXF)] designated by Irvine and Steentoft (1995) to
replace Fucus verrucosus Hudson, was, in fact, rep-
resentative of Gracilariopsis. This fact supports the
decision of Steentoft er al. (1991) to designate G.
compressa (C. Agardh) Greville as the conserved
type of genus Gracilaria.

In conclusion, the specimens known until now on
the Atlantic European coasts (and maybe in other
geographical areas) as Gracilaria verrucosa
include, in fact, two different taxa: Gracilaria gra-
cilis and Gracilariopsis longissima.

Although Gargiulo ef al. (1992) were reluctant to
distinguish Gracilaria and Gracilariopsis, Bird et
al. (1992), on the basis of molecular studies, con-
firmed that they are two different genus and thus,
corroborate the morphological and anatomical dif-
ferences observed by Fredericq and Hommersand
(1989a, 1989b) and Steentoft er al. (1995).



Gracilaria and Gracilariopsis differ in cystocarp
structure and spermatangia development (Fredericq
and Hommersand, 1989a; 1989b), as well as in vegeta-
tive morphology and anatomy (Steentoft ez al., 1995).

In our Namibian material, concerning cys-
toscarps, we have not observed connecting cells
between gonimoblast and pericarp, being consistent
with Gracilariopsis. However, we must remark that,
in some cases, we could neither observe if goni-
moblast and pericarp were or were not connected by
cells nor the spermatangia disposition, because we
had no fertile male specimens. For this reason, we
think that to assign our specimens to Gracilariopsis
is a bit risky. Nevertheless, concerning vegetative
features, our specimens agree better with the
description of Gracilariopsis longissima by
Steentoft et al. (1995) than that of Gracilaria gra-
cilis. For this reason, we prefer to consider our spec-
imens as Gracilariopsis longissima. However, new
studies on reproductive structures of the Namibian
material are needed.

Until now, only Gracilaria verrucosa had been
recorded from Namibia (Lawson et al., 1990).
Scholfied et al. (1991) and Bird et al. (1994), on the
basis of molecular data, pointed out that sterile spec-
imens of Gracilaria from Liideritz are consistent
with Gracilaria verrucosa (now, G. gracilis) instead
of with Gracilariopsis. Gracilaria gracilis, the main
agar producing species of Namibia (Rotmann, 1987;
Anderson et al., 1989), is especially abundant in the
Liideritz area, where it is responsible for an impor-
tant industry (Molloy and Bolton, 1995). In addition
to Liideritz, this species has been also recorded in
Namibia from Walvis Bay, Swakopmund and Ter-
race Bay (Lawson et al., 1990). On the other hand,
Molloy and Bolton (1995) remarked that near
Swakopmund they have found fertile specimens that
could belong to Gracilariopsis lemaneiformis. This
determination was later confirmed by Stegenga et al.
(1997) and Engledow (1998), the latter also record-
ing this species from Rocky Point.

Gracilariopsis lemaneiformis, species to which
Fredericq and Hommersand (1989b) attributed the
England plants, occurs mainly in the Pacific,
although it has been recorded also from the north-
western Atlantic (Dawson, 1953; Wynne, 1998) and
the western coasts of tropical Africa (Price et al.,
1988). Steentoft er al. (1995) remarked that the
presence of Gracilariopsis lemaneiformis on the
English coast has not been confirmed and that it is
probable that, in this area, the species had been con-
fused with G. longissima. Although these taxa can

be distinguished by molecular methods, separation
using morphological and anatomical features is dif-
ficult. Moreover, as Bird and Oliveira (1986) stated
that off Pacific records could be mistaken, we prefer
to tentatively assign our specimens to Gracilariopsis
longissima.

Finally, we think that a profound systematic revi-
sion of Gracilaria and Gracilariopsis should be car-
ried out to clarify its worldwide distribution.

Order HALYMENIALES Saunders and Kraft (1996)
Family HALYMENIACEAE Bory de Saint Vincent (1828)
Genus Aeodes J. Agardh (1876)

Aeodes orbitosa (Suhr) Schmitz
(Figs. 42-43; Plate II)

Iridaea orbitosa Suhr (1840), p. 276.
Aeodes orbitosa (Suhr) Schmitz (1894), p. 630.

Selected specimens: Mowe Bay, 25-02-1986, BCF-A 11605, with
tetrasporangia; Rocky Point, 24-02-1986, BCF-A 11607, with
tetrasporangia; Cape Frio, 23-02-1986, BCF-A 11606, with
tetrasporangia; Angra Fria, 20-02-1986, with tetrasporangia (speci-
men gived to R. E. Norris).

References: Simons (1969, 1976), Chiang (1970), Simons and
Hewitt (1976), Branch and Branch (1981), Anderson et al. (1989),
Molloy (1990), Stegenga et al. (1997).

Habit and vegetative structure: Plant foliaceous,
more or less orbicular in shape, up to 40 cm in diam-
eter, irregularly lobed, without stipe, attached by a
fleshy discoid holdfast; texture elastic. Blade surface
finely granulate and with some isolated perforations.
Blade and perforations margins entire or irregularly
divided, with minute warts or more or less denticu-
late, often two-lipped. Outer cortical cells rounded
in surface view, 3-7 um in diameter. In cross section,
blade 330-600 um thick, differentiated into cortex
and medulla; cortex (60-)80-140 um thick, consist-
ing of dichotomous divided filaments, (6-)8-13 cells
long, anticlinally arranged; cortical cells fusiform or
elliptic, 4-18 x (2-)3-10 um, the outermost usually
conical and the inner ones bigger and occasionally
with lateral protuberances; medulla filamentous,
260-380(-560) um thick; medullary filaments
branched, 8-16 um in diameter (the lumen (1-)2-4
um), irregularly arranged, some crossing obliquely;
transitional zone between cortex and medulla with
more or less stellate cells that connect with
medullary filaments. In a section parallel to the
blade surface, medullary filaments irregularly
arranged, and stellate cells occur in the transitional
zone between medulla and cortex.
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FIG. 42. — Aeodes orbitosa. Angra Fria, 20-02-1986. — Specimen
given to R.E. Norris. Scale bar = 5 cm.

Reproduction: Tetrasporangia cruciately or
decussately divided, ovate or elliptic, 26-46 x 8-18
um, immersed in the cortex. Plant dioecious. Cysto-
carps internal, pear-shaped, 200-240 x 160-220 um,
placed in the transition zone between cortex and
medulla, in both sides of the blade; carposporangia
ovate, elliptic or more or less isodiametric, 10-16 x
9-13 pm. Spermatangia clavate, 8-10 x 2-3 um, aris-
ing from outer cortical cells.

Habitat: Epilithic in the lower eulittoral zone;
occasionally bearing Porphyra saldanhae as epi-
phyte.

Namibian distribution: Elizabeth Bay, Grosse-
bucht, Halifax Bay, Diaz Point, Liideritz, Unjab,
Mowe Bay, Rocky Point, Cape Frio, Angra Fria,
Kunene River (Lawson et al., 1990) (Map 17).

World distribution: Atlantic Ocean: South Africa,
Namibia (Levitt ef al., 1995). Indian Ocean: South
Africa (Silva et al., 1996).

Remarks: Aeodes orbitosa was described as Iri-
daea orbitosa by Suhr (1840) from material of the
Cape of Good Hope and, at present, its distribution
is mainly restricted to the Atlantic coasts of Namib-
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ia and South Africa. In Namibia, this species occurs
in the south, between Elizabeth Bay and Liideritz,
and in the north, from Torra Bay to the border with
Angola (Lawson et al., 1990). However, Molloy
(1990) points out that, although Aeodes orbitosa has
been recorded from several localities of northern
Namibia, this species occurs only as far as Swakop-
mund. On the contrary, our material, that agrees
quite well with the descriptions of Chiang (1970)
and Simons and Hewitt (1976), corroborate the pres-
ence of this species in the north of Namibia.

In addition to this species, an Aeodes sp. has been
also recorded from Namibia (Price et al., 1986;
Lawson et al., 1990). These authors, that do not give
any locality, base the record on an unpublished
paper (Simon, 1973).

FIG. 43. — Aeodes orbitosa. A-C. Cross section. A. Portion of a cross
section of the blade. B. Detail of the cortical zone. C. Detail of the
cortical zone with one tetrasporangium. Scale bar = 50 pm.



Aeodes orbitosa is similar to A. ulvoidea
Schmitz, a species of the Indian coasts of South
Africa, from which it differs by the blade structure
(Chiang, 1970). Thus, according to this author, in A.
orbitosa the transitional zone between cortex and
medulla is more extensive and less defined than in A.
ulvoidea. Likewise, lateral protuberances in the
inner cortical cells are more abundant in A. orbitosa
than in A. ulvoidea. Moreover, in the latter species,
the medullary filaments are less abundant than in the
former.

Genus Grateloupia C. Agardh (1822) nom. cons.
Key to species of Grateloupia:

1. Plant foliaceous, 1-4 cm broad, with or without
lateral proliferations..........cc.cccenee.. G. doryphora

1. Plant consisting of compressed axes, up to 3 mm
broad, with abundant lateral proliferations ..........
.............................................................. G. filicina

In addition to the species referred to in the present
study, G. longifolia Kylin has been also recorded
from Namibia (Engledow, 1998). This species is
very similar to G. doryphora and possibly conspe-
cific.

Grateloupia doryphora (Montagne) Howe
(Fig. 44)

Halymenia (?) doryphora Montagne (1839), p. 21.
Grateloupia doryphora (Montagne) Howe (1914), p. 169.

Holotype: PC (Herb. Montagne). Peru (Callao).

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11640, with tetrasporangia and carposporangia; Mowe Bay, Cala
Poste, 7-02-1988, BCF-A 11819, with tetrasporangia.

References: Ardré and Gayral (1961), Dawson et al. (1964), Abbott
and Hollenberg (1976), Irvine (1983), Afonso-Carrillo et al. (1984),
Riouall er al. (1985), Ben Maiz et al. (1986), Lawson and John
(1987), Santelices (1989), Pérez-Cirera et al. (1989a), Rull Lluch er
al. (1991), Stegenga et al. (1997).

Habit and vegetative structure: Plant foliaceous,
consisting of a more or less lanceolate, cuneate,
shortly stipitate blade, 12-14 cm high and 1.5-4 cm
broad, often truncate, with or without marginal pro-
liferations; blade surface smooth. Attachment by a
basal disc. Outer cortical cells oblong or more or
less isodiametric in surface view, 4-7 pum in longer
diameter. In cross section, blade 280-440 pm thick,
differentiated into cortex and medulla; cortex 40-80
um thick, consisting of dichotomously divided fila-
ments, 5-7 cells long, anticlinally arranged; the outer
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FIG. 44. — Grateloupia doryphora. Portion of a blade cross section.
Scale bar = 30 pm.

cortical cells elongate, 6-12 x 3-6 um, and the inner
ones elliptic, 5-18 x 4-12 ym, some with lateral pro-
tuberances; medulla 200-260 um thick, consisting of
branched filaments, 4-8 um in diameter (the lumen
3-6 um), irregularly arranged; transitional zone
between cortex and medulla with more or less stel-
late cells, some of them with a cell body 18-20 um
in longer diameter and arms up to 70 um long.

Reproduction: Tetrasporangia cruciately or
decussately divided, oblong or elliptic, 22-38 x 12-
18 um, immersed in the cortex and evenly spread
over all of the blade. Cystocarps internal, spherical
or slightly piriform, 158-182 x 158 um, placed in the
medulla and opening to the exterior via a pore; car-
posporangia elliptic or almost isodiametric, 12-18 x
10-12 ym. Spermatangia not seen.

Habitat: Epilithic in the lower eulittoral zone.

Namibian distribution: Liideritz, Saddle Hill
North (Engledow, 1998); Swakopmund, Méwe Bay
(Map 18).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia; Angola, from
Ghana to Portugal (Irvine, 1983; Price et al., 1988);
Canary Islands (Afonso-Carrillo et al., 1984); north-
west of the Iberian Peninsula (Pérez-Cirera et al.,
1989a); British Isles (Irvine, 1983; South and Titt-
ley, 1986); Uruguay (Coll and Oliveira, 1999); trop-
ical and subtropical western Atlantic (Wynne,
1998). Mediterranean Sea: Iberian Peninsula,
France, Italy (Rull Lluch et al., 1991). Pacific
Ocean: Chile (Santelices, 1989); from Peru to south
of British Columbia (Scagel et al., 1986).
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Remarks: Grateloupia doryphora was described,
as Halymenia? doryphora, by Montagne (1839)
based on material from Peru. Later, Howe (1914)
transferred the species to the genus Grateloupia.
Years later, Ardré and Gayral (1961) carried out a
comparative study of several Atlantic and Pacific
species of this genus including G. doryphora. As a
result, these authors state that G. lanceola J. Agardh,
G. cuneifolia J. Agardh and G. gibbesii Harvey
(Atlantic species) and G. cutleriae Kiitzing, G.
schizophylla Kiitzing and G. californica Kylin
(Pacific species) are not more than forms of the
same species, for which they retain the name G.
lanceola. Ardré and Gayral (1961) modified the
original description of this species to include the
morphological diversity observed. Concerning G.
doryphora, these authors hold it as a different
species, although they do not discard the possibility
that future studies will include this species in the
same group. Dawson et al. (1964), in a paper on the
algae of Peru, remarked that G. lanceola is a syn-
onym of G. doryphora. This synonymy has been
adopted by different authors, like Irvine (1983),
Afonso-Carrillo ef al. (1984), Riouall et al. (1985),
Ben Maiz et al. (1986), Price et al. (1988), Rull
Lluch et al. (1991) and Wynne (1998). In contrast,
other authors, like Pérez-Cirera et al. (1989a), pre-
ferred to consider as G. lanceola all the foliaceous
species from the eastern Atlantic and Mediter-
ranean, until new studies did not confirm the con-
specificity of G. lanceola and G. doryphora. More
recently, Barbara and Cremades (1997) carried out a
morphological and anatomical study on the folia-
ceous species of Grateloupia occurring in Galicia
(north-west of Iberian Peninsula) and established
some features, in our opinion rather arbitrary, to dis-
tinguish G. lanceola and G. doryphora. The con-
fused taxonomy of this genus do not allow for a
knowledge of the real distribution of this species.

Jackelman et al. (1991) recorded G. doryphora
from Cape Hangklip (south coast of South Africa),
and remarked that the specimens showed such mor-
phological variation that they could include G.
longifolia Kylin, a quite well known species from
the South African west coast. In this way, Stegenga
et al. (1997) state that G. doryphora was formerly
known as G. longifolia. However, Engledow (1998)
recorded G. longifolia from several localities in
Namibia (Halifax Bay, Diaz Point, Liideritz, Mile 4
and Wlotzkasbaken) and pointed out that this
species differs morphologically and ecologically
from G. doryphora.
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G. doryphora is similar to Phyllymenia belangeri
(Bory de Saint-Vincent) Setchell and Gardner, a
species occurring in the cold waters of Namibia and
South African west coast. According to Chiang
(1970), the main difference between Grateloupia
and Phyllymenia is the cortex structure, so that the
latter has inner cortical cells with numerous lateral
protuberances whereas in the former the inner corti-
cal cells lack protuberances. However, Pérez-Cirera
et al. (1989a) hold that this argument is not solid.
Regarding our material, the specimens that we have
assigned to G. doryphora have inner cortical cells
with some lateral protuberance, but these protuber-
ances are much less abundant than in the specimens
that we have assigned to P. belangeri (see this
species in page 59).

Since our specimens are morphologicaly and
anatomically consistent with the literature descrip-
tions of G. doryphora we have assigned them to this
species. However, we think that a comparative study,
using molecular methods, on G. doryphora from dif-
ferent geographical areas, as well as on other folia-
ceous species, like G. longifolia, or close genera,
like Phyllymenia, Pachymeniopsis and Prionitis, are
needed.

Grateloupia filicina (Lamouroux) C. Agardh
(Figs. 45-46)

Fucus filicinus Wulfen in Jacquin (1791), p. 157, nom. illeg.
Delesseria filicina Lamouroux (1813), p. 125.
Grateloupia filicina (Lamouroux) C. Agardh (1822), p. 223.
Chaetangium zeyheri Kiitzing (1849), p. 793.

Lectotype: Original illustration (Wulfen in Jacquin, 1791, pl. 15:
fig. 2). Trieste, Italy.

Selected specimens: Terrace Bay, February 1986, BCF-A 11641,
with carposporangia.

References: Abbott and Hollenberg (1976), Simons (1976),
Cordeiro-Marino (1978), Kapraun (1980), Cordero (1981), Irvine
(1983), Tseng (1984), Lawson and John (1987), Noda (1987),
Coppejans (1995) Stegenga et al. (1997).

Habit and vegetative structure: Plant up to 10 cm
high, consisting of one compressed axis, terete at
base, usually dichotomous divided, with several
marginal proliferations more or less distichously
arranged; attachment by a basal disc; axes 2-3 mm
broad in the middle part, tapering towards the apex;
proliferations generally marginal, 2-30 mm long,
constricted at base and progressively ending in an
acute apex, a few longer and also proliferous. Outer
cortical cells elongated or isodiametrical in surface
view, 2-4 um in greater diameter. In cross section,
axes differentiated into cortex and medulla. Cortex



FiG. 45. — Grateloupia filicina. Terrace Bay, February 1986, BCF-
A 11461. Scale bar = 2 cm.

FiG. 46. — Grateloupia filicina. Portion of a blade cross section.
Scale bar = 25 ym.

consisting of anticlinally arranged dichotomously
divided filaments; outer cortical cells elongated, 6-9
x 3 um; inner cortical cells more or less isodiamet-
ric, 7-11 pm in greater diameter, occasionally with
some lateral protuberance. Medulla of loosely
arranged filaments 4 pm in diameter. Transition
zone between medulla and cortex with more or less
stellate cells.

Reproduction: Cystocarps placed in both main
axes and proliferations, more or less spherical, 200
um in diameter, immersed, slightly prominent, open-
ing to the exterior by a pore; carposporangia elliptic,

ovate or more or less isodiametric, 12-18 x 10-14
um. Tetrasporangia and spermatangia not seen.
Habitat: Epilithic in the lower eulittoral zone.
Namibian distribution: Elizabeth Bay, Halifax
Bay, Liideritz (Lawson et al., 1990); Terrace Bay
(Map 19).
World distribution: Widespread in warm temper-
ate and tropical seas (Lawson and John, 1987).

Genus Pachymenia J. Agardh (1876)
Key to species of Pachymenia:

1. Blades elongated, with the margin generally
entire; cortical cells ellipsoid or fusiform in shape
............................................................. P. carnosa

1. Blades orbicular, with the margin generally
toothed and two-lipped; cortical cells more or
less spherical ........ccccveeeveeeeieerieeeiens P. cornea*

* P. cornea was not observed. You can find more
information about this taxon in Chiang (1970),
Simons and Hewitt (1976) and Stegenga et al
(1997).

Pachymenia carnosa (J. Agardh) J. Agardh
(Figs. 47-49; Plate I1I)

Platymenia carnosa J. Agardh (1848), p. 48.

Iridaea carnosa (J. Agardh) Kiitzing (1849), p. 729.
Schizymenia carnosa (J. Agardh) J. Agardh (1851), p. 173.
Pachymenia carnosa (J. Agardh) J. Agardh (1876), p. 145.

Type: Agardh Herbarium n. 22451. Camps Bay, Cape Peninsula.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-A
11600, with tetrasporangia; Swakopmund, beach, 8-07-1989, BCF-A
11601, with tetrasporangia; Terrace Bay, February 1986, BCF-A
11604; Rocky Point, 24-02-1986, BCF-A 11602; Angra Fria, 20-02-
1986, BCF-A 622, with carposporangia; 29 km south of Kunene river
mouth, 22-02-1986, BCF-A 11603, with tetrasporangia.

References: Chiang (1970), Simons and Hewitt (1976), Simons
(1969, 1976), Branch and Branch (1981), Lawson et al. (1990), Ste-
genga et al. (1997).

Habit and vegetative structure: Plant consisting
of several elongated, simple or divided, thick and
tough blades, 23-90 cm long and 5-13(-27) cm
broad, attached to the substratum by a thick and
fleshy basal disc; some blades basally attenuated
forming a flat and twisted stipe. Blade surface
smooth with some isolated perforation, slightly
granulate in cystocarpic specimens, occasionally
with scattered dark patches up to 1 cm in diameter;
blade margin entire or very little granulate or den-
ticulate, occasionally slightly two-lipped or squared
in cross section, especially in the lower part of the

MARINE BENTHIC ALGAE OF NAMIBIA 57



FiG. 47. — Pachymenia carnosa. Angra Fria, 20-02-1986, BCF-A
622. Scale bar = 5 cm.

FiG. 48. — Pachymenia carnosa. Cross section of the blade. Scale
bar = 160 pm.

blade. Outer cortical cells isodiametric in surface
view, 2-5 pum in diameter. In cross section, blade
560-1200 pum thick, differentiated into cortex and
medulla. Cortex 120-280 um thick, consisting of
more or less dichotomously branched filaments,
(10-)15-30 cells long, anticlinally arranged; outer
cortex (9-15 cells thick) with cells cylindrical or
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F1G. 49. — Pachymenia carnosa. Portion of a blade cross section.
Scale bar = 30 pm.

more or less fusiform, 4-22 x 2-5 um, compactly
arranged; inner cortex (6-13 cells thick) with cells
fusiform or lemon-shaped, 10-18 x 3-12 pum, more
loosely arranged and often with lateral protuber-
ances connecting the cortical filaments with each
other and with the medullary filaments; some inner
cortical cells can be considered like stellate cells.
Medulla 275-800 um thick, consisting of two kinds
of branched, irregularly arranged filaments not
always easy to distinguish; some medullary fila-
ments with cells cylindrical, 8-11 pum in diameter
(the lumen 2-6 um), and others, less abundant, with
thinner and longer cells, 5-10 um in diameter (the
lumen 1-3 pm).



Reproduction: Tetrasporangia cruciate or decus-
sate, elliptic, 24-46 x 8-12 um, immersed in the
outer cortex. Cystocarps pear-shaped, 140-240 x
100-200 pym, immersed in the inner cortex, opening
to the exterior by a pore; carposporangia elliptic or
almost isodiametric, 8-16 x 8-12 um. Spermatangia
not seen.

Habitar: Epilithic in the lower eulittoral zone;
between the Laminaria pallida haptera in the upper
sublittoral; also present in drift material.

Namibian distribution: Elizabeth Bay, Liideritz,
Swakopmund, Terrace Bay, Mowe Bay, Cape Frio,
Angra Fria, Kunene River (Lawson et al., 1990);
Rocky Point (Map 20).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia, Angola (Lawson
et al., 1995). Indian Ocean: South Africa (Silva et
al., 1996).

Remarks: Pachymenia carnosa was described by
J. Agardh (1848), as Platymenia carnosa, from
South African material, and at present it occurs in
South Africa (Atlantic and Indian coasts), Namibia
and in southern Angola.

Chiang (1970) and Simons and Hewitt (1976)
carried out a detailed study of the two species of
Pachymenia occurring in South Africa (P. carnosa
and P. cornea (Kiitzing) Chiang), emphasizing the
presence of elongate cells arising from the stalk of
gonimoblast, the latter, composed of the fusion cell
and the gonimoblast initial. These cells, named rays
by Simons and Hewitt (1976), are typical of the
genus Pachymenia according to these authors. In
contrast, Womersley and Lewis (1994) remarked
that they have not seen rays in P. orbicularis (Zanar-
dini) Setchell and Gardner, a species from southern
Australia and Tasmania. In agreement with Womer-
sley and Lewis (1994), in the cystocarps of our spec-
imens the gonimoblast stalk, usually difficult to
observe, is very short and neither has rays. This lack
of rays could be explained if the cystocarps did not
completely developed (Simons and Hewitt, 1976).
According to these authors the carpospore produc-
tion in Pachymenia would be a continuous process,
and with time, the fusion cell increases in length and
the gonimoblast filaments, after carpospore libera-
tion, move downwards forming the rays. Otherwise,
our material is compatible with the descriptions of
Chiang (1970) and Simons and Hewitt (1976).

According to Simons and Hewitt (1976) and
Lawson et al. (1995) both Pachymenia carnosa and
P. cornea occur in Namibia. However, in the paper
on the marine algal flora of Namibia, Lawson et al.

(1990) record only P. carnosa. Both species mainly
differ in the habit and in some morphological and
anatomical features. Thus, according to Chiang
(1970) and Simons and Hewitt (1976), P. carnosa
consists of more elongated and narrow blades than
P. cornea, which has an orbicular appearance. More-
over, the last species commonly shows thick, more
or less dentate and often two-lipped blade margins,
whereas in the former these features are less fre-
quent. Anatomicaly, Chiang (1970) states that in P.
carnosa the cortical cells are ellipsoid or spindle
shaped, while they are more spherical in P. cornea.
According to this, the two species seem quite simi-
lar and only the study of a significant number of
specimens would provide sufficient criteria to dif-
ferentiate them. Our specimens are more consistent
with P. carnosa than with P. cornea.

According to Womersley and Lewis (1994),
Pachymenia orbicularis is similar to P. carnosa,
from which it differs by the size and shape of the
cortical cells and by the absence of rays in the cys-
tocarps.

Concerning the inner structure, P. carnosa is also
quite similar to Aeodes orbitosa. In this way, both
species differ in cortex thickness, which is broader
and composed of more cells in the former than in the
latter. Moreover, according to Simons and Hewitt
(1976), Pachymenia differs from Aeodes because the
former has rays in the cystocarps and the latter has
not. However, it is important to point out that these
structures are only visible in well developed cysto-
carps, and thus this feature must be considered with
a certain caution (Simons and Hewitt, 1976).

Genus Phyllymenia J. Agardh (1848)

Phyllymenia belangeri (Bory de Saint Vincent)
Setchell and Gardner
(Figs. 50-52)

Iridaea belangeri Bory de Saint Vincent (1834), p. 160.
Phyllymenia belangeri (Bory de Saint Vincent) Setchell and Gard-
ner (1936), p. 473.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11594, with tetrasporangia and spermatangia; Rocky Point, 24-
02-1986, BCF-A 11593, with tetrasporangia and carposporangia;
Cape Frio, 23-02-1986, BCF-A 11595, with tetrasporangia and car-
posporangia.

References: Chiang (1970), Simons (1976), Stegenga et al. (1997).
Habit and vegetative structure: Plant consisting
of one to several elongated, stipitate, more or less

divided, often truncate and proliferous, a few lance-
olate blades up to 16 cm high and (1-)2-6 cm broad,
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FiG. 50. — Phyllymenia belangeri. 5 km south of Swakopmund,
6-07-1989, BCF-A 11594. Scale bar = 2 cm.

attached to the substratum by a basal disc. Stipe
terete at base, compressed upwards, cuneate, some-
times channelled, up to 10 mm long. Blade surface
usually rugose or corrugated, smooth in some spec-
imens, with or without perforations; blade margin
entire, in some places asymmetrically two-lipped;
proliferations generally marginal, especially abun-
dant in truncate zones, occasionally arising from the
blade surface. Outer cortical cells elongated or iso-
diametric in surface view, 4-8 um in diameter. In
cross section, blade 440-740 um thick, differentiated
into cortex and medulla. Cortex 65-140 um thick,
consisting of anticlinally dichotomously divided fil-
aments 6-11(-16) cells long; cortical cells 6-20 x 3-
10 um, those of the upper half of filaments cylindric
or fusiform, and those of the lower half with numer-
ous lateral protuberances, joining the cortical fila-
ments with each other; cuticle 4-6 um thick. Medul-
la 237-460 pm thick, consisting of irregularly
arranged branched filaments 4-13 um in diameter
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FIG. 51. — Phyllymenia belangeri. Cross section of the blade. Scale
bar = 160 pm.

FIG. 52. — Phyllymenia belangeri. A. Portion of a blade cross sec-
tion. B. Stellate cells in a section parallel to the blade surface. Scale
bar =75 pym.

(the lumen 2-4 ym). Transitional zone between cor-
tex and medulla with stellate cells, from which rela-
tively short, periclinally or obliquely arranged fila-
ments arise; cells of these filaments cylindric, 16-36



x 4-7 um. In a section parallel to the blade surface,
medullary filaments much branched, consisting of
cylindrical cells bearing protuberances or more or
less stellate cells.

Reproduction: Tetrasporangia placed in the
depressed zones of corrugate blade surface;
tetrasporangia cruciate or decussate, elliptic or
fusiform in shape, 28-44 x 8-16 um, immersed in the
outer cortex. Plant dioecious. Cystocarps broadly
pear-shape, 119-280 x 95-240 pm, internal, opening
to the exterior by a pore and also placed in clusters
in the depressed zones of corrugate blade surface;
carposporangia 12-20 x 8-13 um. Spermatangia aris-
ing from the outer cortical cells.

Habitat: Epilithic in the lower eulittoral zone.

Namibian distribution: Liideritz, Swakopmund,
Torra Bay, Terrace Bay, Cape Frio (Lawson et al.,

1990); Rocky Point (Map 21).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia (Lawson et al., 1990).

Remarks: Phyllymenia belangeri was described
by Bory de Saint-Vincent (1834), as Iridaea belan-
geri, from material of False Bay (south coast of
South Africa). Later, Setchell and Gardner (1936)
transferred this species to the genus Phyllymenia
and remarked that P. belangeri is identical to P.
hieroglyphica J. Agardh (at present, Cyrtymenia
hieroglyphica (J. Agardh) Schmitz). Subsequently,
Chiang (1970) and Seagrief (1984) held P. hiero-
glyphica and C. hieroglyphica as synonyms of P.
belangeri.

Our specimens are consistent with Chiang’s (1970)
description of P, belangeri. However, according to this
author, the reproductive structures are scattered over
the whole of the blade, except in the distal and basal
parts, whereas in our material, although they are also
scattered over the blade, they are arranged in groups in
the depressed areas of the wavy blades.

P. belangeri is very similar to Grateloupia
doryphora. According to Chiang (1970) the main
difference between the two genera is in the cortex
structure (see the remark in G. doryphora).

Order HILDENBRANDIALES Pueschel and Cole (1982)
Family HILDENBRANDIACEAE Rabenhorst (1868)
Genus Hildenbrandia Nardo (1834) nom. cons.

Key to species of Hildenbrandia:

1. Tetrasporangia zonately divided, with parallel
cross walls.....c.cooovevenininiiiniies H. crouanii

1. Tetrasporangia irregularly divided; cross walls
not parallel........cocccoovviiiiiiniiiniiee, H. rubra

Hildenbrandia crouanii J. Agardh
(Fig. 53)

Hildenbrandia crouanii J. Agardh (1852), p. 496.
Lectotype: LD (Herb. Alg. Agardh, 27613). Brest (France).

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11996, with tetrasporangia; Mile 108, 13-07-1989, BCF-A
11997, with tetrasporangia; 29 km south of Kunene river mouth, 22-
02-1986, BCF-A 11998, with tetrasporangia.

References: Rosenvinge (1917), Denizot (1968), Irvine and
Pueschel (1994), Womersley (1994).

Habit and vegetative structure: Plant crustose,
thin, completely attached to the substratum. Cells
more or less isodiametric in surface view, 2-4 um in
diameter. Crust of compact structure, 140-260 um
thick in cross section, consisting of quadrangular or
rectangular cells, 3-6 x 2-4 pum, placed in closely
joined erect filaments.

Reproduction: Tetrasporangia oblong, 16-24(-
26) x (4-)5-10 pum, zonately divided with transverse
cross walls, formed in conceptacles; conceptacles
subspherical or slightly elongated, 50-142 x 50-95
um, opening to the exterior by a pore. Other repro-
ductive structures not seen.
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Fi1G6. 53. — Hildenbrandia crouanii. Cross section of a conceptacle.
Scale bar = 20 um.

MARINE BENTHIC ALGAE OF NAMIBIA 61



Habitat: Epilithic in shadow places of the lower
eulittoral zone, sometimes together with H. rubra.

Namibian distribution: Swakopmund, Mile 108,
South Kunene (Map 22).

World distribution: Widespread on temperate
coasts (Womersley, 1994). According to Irvine and
Pueschell (1994) the distribution of this species is dif-
ficult to specify because of uncertain species limits.

Remarks: Hildenbrandia crouanii is very similar
to H. canariensis Bgrgesen, from which it differs in
the cleavage of tetrasporangia (oblique in the former
and transversal in the latter). However, Irvine and
Pueschel (1994) remark that this feature is question-
able and state the two taxa as synonyms.

Hildenbrandia crouanii is also quite similar to H.
lecanellieri Hariot, a subantarctic species occurring
in South Africa, but unlike H. crouanii, H. lecanel-
lieri forms rugose and thicker crusts, often becom-
ing detached in the centre (Stegenga et al., 1997).

Our specimens form relatively thin crusts com-
pletely adherent to the substratum and present
tetrasporangia transversally divided, in agreement
with H. canariensis. However, following Irvine and
Pueschel (1994), we have assigned them to H.
crouanii.

Hildenbrandia rubra (Sommerfelt) Meneghini
(Fig. 54)

Verrucaria rubra Sommerfelt (1826), p. 140.
Hildenbrandia rubra (Sommerfelt) Meneghini (1841), p. 426.
Hildenbrandia rosea Kiitzing (1843), p. 384.

Lectotype: O. Saltdal. Norway.

Selected specimens: Langstrand, 6-07-1989, BCF-A 11999, with
tetrasporangia; 5 km south of Swakopmund, 6-07-1989, BCF-A
12002, with tetrasporangia; Cape Cross, 7-07-1989, BCF-A 12000,
with tetrasporangia; Mile 108, 13-07-1989, BCF-A 12001, with
tetrasporangia.

References: Denizot (1968), Abbott and Hollenberg (1976), Law-
son and John (1987), Irvine and Pueschel (1994), Womersley
(1994), Stegenga et al. (1997).

Habit and vegetative structure: Plant crustose,
thin, completely adhered to the substratum, on
which it forms reddish patches of variable size. Cells
polygonal and more or less isodiametric in surface
view, 2-4 um in diameter. Crust of compact struc-
ture, 60-160 um thick in cross section, consisting of
quadrangular or rectangular cells 3-6 x 3-6 um,
arranged in simple or branched erect filaments
closely joined to each other.

Reproduction: Tetrasporangia elliptic, 13-25 x 5-
10 pm, irregularly divided, with the cross walls not
parallel; conceptacles usually spherical, a few

62 J.RULL LLUCH

FiG. 54. — Hildenbrandia rubra. Cross section. Scale bar = 40 um.

broader than long, 28-68 x 30-100 um, opening to
the exterior by a pore. Other reproductive structures
not seen.

Habitat: Epilithic in the lower eulittoral zone,
between the specimens of Ahnfeltiopsis glomerata
and Corallina sp. Together Chaetomorpha aerea in
tide pools.

Namibian distribution: Elizabeth Bay, Liideritz,
Swakopmund, Torra Bay, Rocky Point (Lawson et al.,
1990); Langstrand, Cape Cross, Mile 108 (Map 23).

World distribution: Widespread on temperate and
tropical coasts (Womersley, 1994).

Order CORALLINALES P. Silva and Johansen (1986)
Family CORALLINACEAE Lamouroux (1812)
Genus Corallina Linnaeus (1758)

Corallina sp.
(Figs. 55-56; Plate IV)

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12112, with bisporangia; Swakopmund, beach, 8-07-1989, BCF-
A 12113, with bisporangia; Mowe Bay, 4-02-1988, BCF-A 12114;
Mowe Bay, Cala Poste, 7-02-1988, BCF-A 12115.

Habit and vegetative structure: Plant calcified,
articulated, 3-11 cm high, consisting of several
branched erect axes of unlimited growth arising
from a crustose base, and branches of limited growth
pinnately arranged in the upper half of erect axes,
usually 1-2 per segment in each side of axis. Axes of
unlimited growth simple or pseudodichotomously,
irregularly or more or less alternately branched in
the lower half of the plant, and up to three times pin-
nately branched in the upper half, often whorled in
some places, with up to six branches arising from
the same segment, providing to the plant a more or
less globose appearance; branches usually arising



FiG. 55. — Corallina sp. Mowe Bay, 4-02-1988, BCF-A 12114.
Scale bar = 2 cm.

from the upper zone of the segments, exceptionally
from the centre; downwards rhizoids 1-6 segments
long occurring often in the insertion point of some
branches. Axes of unlimited growth with segments
0.4-2.5 times longer than broad, 700-1500 x 400-
1300 um, cylindrical in the lower part of axes and
more or less trapezoidal upwards; branches of limit-
ed growth composed of one or more morphological-
ly variable segments, some cylindrical and thin, up
to 7 times longer than those of the main axes, 3.5-
28.5 times longer than broad, 600-5700 x 150-300
um; others irregular in shape, more or less spatulate,
lanceolate, simple or palmately divided, 1.5-5.5
times longer than broad, 1200-3500 x 300-1300 um,
occasionally bearing up to 7 short branches distic-

hously arranged; in some specimens, branches of
limited growth composed almost exclusively of only
one lanceolate or spatulate segment 1.4-7.7 times
longer than broad, 1100-2500 x 300-1400 um; in
other specimens, branches of limited growth com-
monly thread-shaped and often curved, composed of
cylindrical segments 1.3-14.5 times longer than
broad, 200-2900 x 100-400 um. Outer cortical cells
of intergenicula ovate or more or less isodiametrical
in surface view, 6-14 x 4-12 pm; intergenicular
medullary cells placed in 9-12 tiers 60-80 um
width. In longitudinal cross section, intergenicula
differentiated into medulla and cortex; medullary
cells cylindrical, 32-80 x 6-10 um, arranged in lon-
gitudinal filaments commonly simple and laterally
joined by cell fusions, the outermost of them
curved towards the exterior and more or less
dichotomously divided, given rise to the cortex;
cells of cortical filaments pigmented, 7-20 x 6-10
um, the outermost (1-2 cells) small and broader
than high, 2-4 x 6-8 um; genicula consisting of a
single tier of very long, cylindrical with acute
apexes cells 200-320 x 6-10 ym.

Reproduction: Bisporangial conceptacles ovoid
or pear-shaped, 500-700 um in outside diameter,
opening to the exterior by a central apical pore; con-
ceptacles axial, usually placed in the apex of termi-
nal segments, often bearing up to 5 simple, palmate
or irregularly divided branches; some conceptacles
lateral in intercalary segments; occasionally, con-
ceptacles formed in the branches of other concepta-
cles; bisporangia elliptic or clavate, 116-212 x 32-92
pm; more commonly, sporangia undivided and
smaller, 66-156 x 26-64 um.

¢
& "QQQECW o PR N
QQ% €Q<l\] oﬂ%% “\%X;" -:-}?QP:‘;/
7 A I 58
{ o RN m(ﬁ,%’ .

FI1G. 56. — Corallina sp. Morphological variation. Scale bar = 3 mm.
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Habitat: Epilithic in the lower eulittoral and the
upper sublittoral zones; also in tide pools and in drift
material.

Namibian distribution: Swakopmund, Mowe
Bay (Map 24).

Remarks: Our material shows a great morpholog-
ical variation: most specimens are more or less glo-
bose due to abundant ramification, often whorled;
others show a more typically pinnate aspect, with
branches of limited growth composed of only one
more or less lanceolate segment; and others, more
delicate, have branches of limited growth common-
ly curved and composed of several thin, cylindrical
segments of different length. However, all the spec-
imens are anatomically very homogeneous.

Because of the arrangement of the reproductive
structures and the tier number of medullary cells, we
have assigned our specimens to the genus Corallina.
Most of our specimens are quite compatible with
Corallina officinalis Linnaeus descriptions consult-
ed, particularly with that of Womersley and Johansen
(1996). However, in this species the number of tiers
of medullary cells is slightly higher than in our spec-
imens [(8-) 10-20(-25) tiers in comparison with 9-12
in our specimens] and the tetrasporangia are zonate-
ly divided (bisporangia in Namibian specimens). On
the other hand, Irvine and Johansen (1994) state that
Corallina officinalis can adapt to a wide range of
habitats adopting different morphological aspects, a
fact that could explain the morphological variety of
our specimens. Regarding the tiers of medullary
cells, a feature that seems to be taxonomically stable
(Baba et al., 1988; Johansen and Colthart, 1975), our
material would be closer to C. elongata Ellis and
Solander, since this species has 7-12 tiers of
medullary cells in its segments (Irvine and Johansen,
1994). Moreover, as our specimens show a great
morphological variation, some of them are also mor-
phologically compatible with this species.

The distinction between Corallina officinalis and
C. elongata is not easy, because it is mainly based on
morphological features and these are very affected
by the environment. In this way, Coppejans (1995)
remarked that the genus Corallina has certain taxo-
nomical problems on the Atlantic coasts of France
and Belgium and, although he tentatively differenti-
ated C. officinalis from C. elongata, he recognized
the possibility that the two taxa are conspecific.

Corallina has been only recorded in Namibia at
generic level. Wynne (1986) shows a photograph of
an unidentified species of Corallina from Swakop-
mund pointing out that the specimens are similar to
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Arthrocardia Decaisne, but that the material has
been examined by Dr. H.W. Johansen who identified
it as a Corallina sp. Lawson et al. (1990) include
this Corallina sp. in their species list of Namibia, as
well as other material of this genus under the name
Corallina spp.

Besides Corallina, the other geniculate Coralli-
naceae recorded from Namibia belong to the genus
Arthrocardia (A. carinata (Kiitzing) Johansen, A. fil-
icula (Lamarck) Johansen, A. palmata (Ellis and
Solander) Areschoug and Arthrocardia sp.). Both
genera basically differ in the arrangement of con-
ceptacles (Johansen, 1969; Afonso-Carrillo, 1982)
and in the number of tiers of medullary cells in the
genicula, the latter being higher in Arthrocardia
(Womersley and Johansen, 1996). Any of these
mentioned species of Arthrocardia have been identi-
fied among our material.

Although our specimens do not seem much dif-
ferent of either C. officinalis or C. elongata (Afon-
so-Carrillo, pers. com.), we prefer not to assign them
to any species, waiting for future studies to clarify
the taxonomy of Corallina in this geographical area.

Genus Lithophyllum Philippi (1837)

Lithophyllum neoatalayense Masaki
(Fig. 57)

Lithophyllum neoatalayense Masaki (1968), p. 34.
Holotype: HAK. Masaki, 3.vi.1961, Kominato Town, Chiba Pref.

Selected specimens: Cape Frio, 23-02-1986, BCF-A 12026, with
tetrasporangia.

References: Chamberlain (1996).

Habit and vegetative structure: Plant crustose,
calcified, flat, with the surface smooth, completely
adhered to the substratum. Outer epithallial cells 7-
10 x 6-8 um in surface view; basal cells rectangular
or elliptic in a underside view, 14-22 x 7-12 um,
more or less flabellately arranged; secondary pit
connections frequent. In cross section, crust of
dimerous structure, 700-1500 um thick; basal cells
quadrangular or rectangular, 8-18 um long and 8-15
um broad; erect filaments 65-70 cells long, with
cells quadrangular or elongated, 8-20 x 6-10 um,
more or less arranged in horizontal rows and often
joined by secondary pit connections; epithallial cells
dome-shaped, squarish or flattened, 3-6 x 4-8 um,
occurring in 3-4 layers deep and often fallen off;
subepithallial cells elongated, 10-20 um long and 5-
6 um in diameter.
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FiG. 57. — Lithophyllum neoatalayense. A-C. Cross sections. A. Upper part of erect filaments. B. Conceptacle with one tetrasporangium. C.
Basal cells and erect filaments. A. Scale bar = 40 um. B-C. Scale bar = 80 pm.

Reproduction: Tetrasporangia zonate, elliptic,
curved and laterally compressed, 56-80 x 28-40 um,
placed in immersed, uniporate conceptacles 128-200
pm in outside diameter; pore diameter 16-32 pm;
conceptacle chamber elliptic in cross section, 180-
200 um in diameter and 72-96 um high; conceptacle
roof 40-60 um thick, composed of filaments 3-4
cells long plus 3 epithallial cells; cells of roof fila-
ments elongate, 6-16 x 4-6 um; pore canal 60-72 pm
length, surrounded by vertically oriented clavate
cells. Other reproductive structures not seen.

Habitat: Epilithic in the lower eulittoral zone.

Namibian distribution: Torra Bay (Chamberlain,
1996); Cape Frio (Map 25).

World distribution: Atlantic Ocean: South Africa,
Namibia (Chamberlain, 1996). Pacific Ocean: Japan
(Chamberlain, 1996).

Remarks: Our material of this species consists of
a fragment which anatomically agrees quite well
with the Chamberlain (1996) description of L.
neoatalayense. However, in agreement with the type
material, our specimen has a flat surface and is com-
pletely adherent to the substratum, whereas the
South African and Namibian material described by
Chamberlain (1996) has overlapping lobes and pro-
tuberances.

Other specimens (Mowe Bay, Cala Poste, 7-02-
1988, BCF-A 12025) that may be assigned to Litho-
phyllum by the presence of secondary pit connec-
tions, are morphologically more similar to those
described by Chamberlain (1996). These plants are
more or less globose, with a smooth surface and
confluent, overlapping, lobulate margins forming
numerous irregular protuberances or crests up to 5
mm high. In contrast, these specimens show certain
anatomical differences with respect to those
described by Chamberlain (1996), such as its appar-
ently monomerous structure and its subepithallial
cells not much elongated. Moreover, these speci-

mens are not fertile and therefore it is not possible to
identify them safely. Morphologically, these plants
are also similar to Leptophytum ferox (Foslie)
Chamberlain and Keats, another species recently
reported from Namibia (Chamberlain and Keats,
1994), but this species has cell fusions instead of pit
connections.

Lithophyllum neoatalayense is similar to L.
crouanii Foslie, from which it differs by the shape of
the tetrasporangial conceptacle chamber, elliptical in
the former and globose in the latter (Chamberlain
and Irvine, 1994; Chamberlain, 1996).

Genus Melobesia Lamouroux (1812)

Melobesia membranacea (Esper) Lamouroux
(Fig. 58)

Corallina membranacea Esper (1796), pl. Corallina XII.
Melobesia membranacea (Esper) Lamouroux (1816), p. 315.

Neotype: CN. Lamouroux Herbarium (France). See Chamberlain
(1985).

Selected specimens: Swakopmund, beach, 8-07-1989, BCF-A
12019, with tetrasporangia and carposporangia; Mowe Bay, 5-02-
1988, BCF-A 12020, with carposporangia.

References: Taylor (1960), Woelkerling (1988, 1996a), Chamber-
lain and Irvine (1994), Coppejans (1995).

Habit and vegetative structure: Plant crustose,
slightly calcified, thin, often translucent, more or
less orbicular in shape and completely attached to
the substratum. Subepithallial cells oblong in sur-
face view, 5-8 x 3-4 um, forming branched filaments
flabellately arranged; epithallial cells more or less
circular in outline, 1-2 ym in diameter. In cross sec-
tion, structure dimerous, 20-32 um thick in the veg-
etative part of the plant; basal cells rectangular, 6-8
um high and 2-6 pm wide; erect filaments 2-5 cells
long with cells 4-6 x 3-5 um; epithallial cells dome-
shaped, 2-4 x 2-3 um; cell fusions present.
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FiG. 58. — Melobesia membranacea. A. Surface view; epithallial
cells only showed in the central zone. B. Cross section. Scale bar =
20 um.

Reproduction: Tetrasporangia ovate or elliptic,
28-38 x 16-30 pum, zonately divided, formed in mul-
tiporate hemispherical conceptacles 68-96 um in
diameter. Carposporangia 24-34 x 14-22 pm,
formed in uniporate hemispherical conceptacles.
Spermatangia not seen.

Habitat: Epiphytic on Plocamium rigidum and
Rhodymenia obtusa, together with Ulvella lens.

Namibian distribution: Swakopmund, Mowe
Bay (Map 26).

World distribution: Probably cosmopolitan (Cham-
berlain and Irvine, 1994; Woelkerling, 1996a).

Remarks:  Melobesia ~membranacea  was
described by Esper (1796) as Corallina mem-
branacea and later Chamberlain (1985), in absence
of type material, designated a specimen of the Lam-
ouroux herbarium (CN) as neotype. According to
Woelkerling (1996a) Melobesia membranacea is a
widespread species, although many records require
confirmation.

The thickness and cell size of our specimens are
close to the minimum values pointed out by Cham-
berlain and Irvine (1994) and Woelkerling (1996a).

Genus Synarthrophyton Townsend (1979)

Synarthrophyton munimentum Keats et Maneveldt
(Figs. 59-61)
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Synarthrophyton munimentum Keats et Maneveldt (1997), p. 455.

Holotype: UWC 92/330, specimen deposited in L as 997.068 012.
Grossebucht, Liideritz, 14.vii.1992.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12023, with tetrasporangia.

References: Keats and Maneveldt (1997).

Habit and vegetative structure: Plant crustose,
calcified, with the surface more or less corrugated or
warty and the margins lobed, completely adhered to
the substratum. Conceptacle numerous, orbicular or
elongated in surface view, often confluent, multipo-
rate, flat, with a raised peripheral rim. Epithalial
cells polygonal, elongated or isodiametric in surface
view, 5-7 x 4-6 um, forming a continuous layer.
Cells of the basal filaments elongated in a underside
view, 9-26 x 4-7 um; dark cells 20-36 x 4-10 um,
often in clusters, usually present. In cross section,
crust structure monomerous, 340-600 um thick;
cells of medullary filaments elongated, 14-28 x 3-8
um; cortical filaments composed of 35-45 elongated
cells 5-12 x 3-5 um; cell fusions frequent in both
medullary and cortical filaments; epithallial cells
dome-shaped or quadrangular, 2-4 um high and 3-5
um in diameter.

Reproduction: Tetrasporangia zonate, elliptic,
104-136 x 32-72 um, formed in multiporate concep-
tacles 320-640 pum in outside diameter; conceptacle
chamber 240-400 pm in diameter and 140-220 um
height; conceptacle roof 44-60 pm thick composed

" o

FI1G. 59. — Synarthrophyton munimentum. 5 km south of Swakopmund,
6-07-1989, BCF-A 12023. Scale bar = 800 um.
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F1G. 60. — Synarthrophyton munimentum. A-D. Cross sections. A. Plant structure. B. Detail of medullary filaments. C. Cortical filaments and
epithallial cells. D. Conceptacle. Scale bar = 40 um.
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FiG. 61. — Synarthrophyton munimentum. A. Conceptacle roof in cross section. B. Conceptacle pores in surface view. Scale bar = 20 pm.

of anticlinal filaments 5-8 cells long; conceptacle
pores polygonal, 10-14 pum in diameter, generally
surrounded by six cells. Other reproductive struc-
tures not seen.

Habitat: Epilithic in the lower eulittoral zone.

Namibian distribution: Grossebucht (Keats and
Maneveldt, 1997); Swakopmund (Map 27).

World distribution: Atlantic Ocean: South Africa,
Namibia (Keats and Maneveldt, 1997).

Remarks: This species has been recently described
by Keats and Maneveldt (1997) from the Atlantic
coast of southern Africa. According to these authors,

the genus Synarthrophyton is very similar to Meso-
phyllum, from which it only differs by the presence of
branched spermatangial systems instead of simple
ones. Keats and Maneveldt (1997) also stated that the
spermatangium arrangement shows a gradation from
the simple spermatangial systems of the type species
of Mesophyllum to the strongly branched ones of the
type species of Synarthrophyton, with transitional
species showing intermediate arrangements of these
reproductive structures.

Although we have not observed gametophytic
conceptacles in our material, in general the speci-
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mens agree quite well with the Keats and Maneveldt
(1997) description of Synarthrophyton munimen-
tum, the species to which we have assigned them.
However, we must point out that in our specimens
the epithallial cells are smaller (2-4 x 3-5 pym in
cross section, opposite to 4.5-11 x 4.5-8 um) and the
diameter of pores of the tetrasporangial concepta-
cles is slightly bigger (10-14 um, opposite to 7-10
um). Moreover, according to Keats and Maneveldt
(1997) the cells surrounding the tetrasporangial pore
are narrower and more sunken than the epithallial
cells of the pore plate, features which have not been
possible to observe in our specimens.

Until now, this species had been recorded in
Namibia only from Grossebucht, the type locality.

Corallinaceae ind.
(Figs. 62-63)

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12022, with tetrasporangia; Swakopmund, beach, 8-07-1989,
BCF-A 12024, with tetrasporangia; Mowe Bay, 25-02-1986, BCF-
A 12021, with tetrasporangia.

Habit and vegetative structure: Plant crustose,
calcified, with the surface corrugated, more or less
knobbly, completely adhered to the substratum.
Conceptacle numerous, uniporate, not or only
slightly raised. Epithallial cells polygonal in surface
view, 7-10 x 5-8 um, forming a continuous layer.
Basal cells cylindrical in a underside view, 10-22 x
6-10 um; cell fusions present. In radial cross section,
crust structure generally monomerous, 260-280 um
thick, multistratose, even in the margins; basal and
erect filaments with cell fusions; cells of basal fila-
ments 7-22 x 5-10 pm; erect filaments composed of
20-25 elongated or almost isodiametric cells 5-7 x 3-
6 um; epithallial cells dome-shaped or more or less
flattened, 4-6 x 4-6 um, usually placed in single
layer; trichocytes 8-12 x 4-8 um, terminating erect
filaments, occasionally in clusters.

Reproduction: Tetrasporangia zonately divided,
ovate or elliptic, 36-66 x 18-34 um, formed in uni-
porate conceptacles 160-200 um in outside diame-
ter; conceptacle pore 48 um in diameter. In cross
section, conceptacle chamber usually elliptic, (108-
)160-200 um in diameter and 56-84 um height; con-
ceptacle roof 28-36 um thick, composed of fila-
ments 4-5 cells long; pore canal 40-52 um in length,
surrounded by more or less horizontally arranged
filaments, that often go out towards the exterior.
Other reproductive structures not seen.

Habitat: Epilithic in the lower eulittoral zone,
together Nothogenia erinacea.
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FiG. 62. — Corallinaceae ind. 5 km south of Swakopmund, 6-07-
1989, BCF-A 12022. Scale bar = 2 mm.
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F1G. 63. — Corallinaceae ind. A-C. Cross sections. A. Plant structure.

B. Upper part of erect filaments with terminal trichocytes. C.
Conceptacle with tetrasporangia. Scale bar = 40 um.
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Namibian distribution: Swakopmund, Mowe
Bay (Map 28).

Remarks: The vegetative structure of this plant,
as well as the structure of its tetrasporangial con-
ceptacles, suggest that it could belong to the genera
Hydrolithon, Pneophyllum, Spongites or Neogo-
niolithon. According to Woelkerling (1996b)
Hydrolithon differs from the other three genera by
the presence of cells orientated more or less per-
pendicularly to the roof surface in the pore canals
of the sporangial conceptacles. On the contrary, in
our material, the filaments surrounding the pore
canals of the tetrasporangial conceptacles are more
or less orientated horizontally and pointed inwards
in the pore canal. On the other hand, the distinction
among Pneophyllum, Spongites and Neogo-
niolithon is more dificult, since it is based on the
way the sporangial conceptacle roof is formed
(Penrose and Woelkerling, 1991; Woelkerling,
1996b) and on the arrangement of both spermatan-
gia in conceptacles and gonimoblast filaments in
the fusion cells (Penrose, 1992; Woelkerling,



1996b), features which were not possible to
observe in our specimens.

Chamberlain (1994) studied the South African
species of Spongites and Pneophyllum and provided
a key for its identification. One of these species (S.
discoideus (Foslie) D. Penrose and Woelkerling)
also occurs in Namibia. According to this work, and
also to Chamberlain (1993) who provided a descrip-
tion of Spongites yendoi (Foslie) Y. Chamberlain
from South Africa, we could assign our specimens
to S. yendoi. However, unlike this species, in our
specimens the structure seems dimerous in some
places and the conceptacles lack columella. In this
way, Chamberlain (1993) stated that the columella
filaments can disappear in old conceptacles.

Chamberlain (1993) also provided a description
of Spongites decipiens (Foslie) Y. Chamberlain, a
species that was described from California by Foslie
(1900) and that at present is known to occurs also in
Argentina and the Falkland Islands. Chamberlain
(1993) stated that S. yendoi and S. decipiens are very
similar, but that they can be differentiated in the veg-
etative structure, which is monomerous in the for-
mer and dimerous in the latter. Moreover, the diam-
eter of the cells of the basal filaments is bigger in S.
decipiens than in S. yendoi. In this way, our speci-
mens also show certain affinity with S. decipiens
because in some places the structure seems dimer-
ous. However, concerning the cell size of the basal
filaments, they show an intermediate position
between the two species.

Concerning Spongites discoideus, a species
widespread in antarctic and subantarctic regions,
Chamberlain (1994) remarks that the structure is
mainly dimerous in young specimens and
monomerous in the proliferations formed when the
specimens develop to produce protuberant plants.
Moreover, this author points out that in Namibia
and South Africa this species only has been occa-
sionally observed and usually in its young form.
According to this, our specimens also agree in some
way with S. discoideus, but the structure of the
tetrasporangial conceptacles is different. In S. dis-
coideus the conceptacle roof is thicker (35-100 pm
thick opposite to 28-36 um in our specimens) and
consists of filaments with a higher number of cells
(at least up to 10 cells long opposite to 4-5 cells
long in our specimens). Likewise, the sporangial
conceptacles of S. discoideus have a columella,
whereas this structure is lacking in our specimens.
Moreover, in surface view, the pore diameter of the
sporangial conceptacles is larger in S. discoideus (at

least up to 70 um in diameter) than in our speci-
mens (32-48 um in diameter).

Penrose (1996) described Spongites tunicatus D.
Penrose from southern Australia and remarked that
it is closely related to S. yendoi, from which it dif-
fers by the presence of a corona of filaments sur-
rounding the pore of the tetrasporangial concepta-
cles. In this way, our material also agrees quite well
with the Penrose (1996) description of S. funicatus,
but differs from this species in the size and shape of
the conceptacle chambers: elliptic, (108-)160-200
um in diameter per 56-84 um high in our specimens,
in comparison with more or less globose, 136-142
um in diameter per 109-158 um high in S. tunicatus.

Order GIGARTINALES Schmitz in Engler (1892)
emend. Kraft and Robins (1985)
Family CAULACANTHACEAE Kiitzing (1843)
Genus Caulacanthus Kiitzing (1843)

Caulacanthus ustulatus (Turner) Kiitzing
(Figs. 64-65)

Fucus acicularis Wulfen var. ustulatus Turner (1809), p.143.
Caulacanthus ustulatus (Turner) Kiitzing (1843), p. 395.
Laurencia divaricata Suhr (1840), p. 265.

Caulacanthus divaricatus (Suhr) Papenfuss (1943), p. 86.

Selected specimens: Langstrand, 6-07-1989, BCF-A 11626, with
tetrasporangia and carposporangia; 5 km south of Swakopmund, 7-
07-1989, BCF-A 11627, with tetrasporangia and carposporangia;
Swakopmund, beach, 8-07-1989, BCF-A 11628, with tetrasporan-
gia and carposporangia; Terrace Bay, February 1986, BCF-A
11629, with tetrasporangia; Mowe Bay, 25-02-1986, BCF-A 11630,
with tetrasporangia; Mowe Bay, Suider Kust, 6-02-1988, BCF-A
11818, with tetrasporangia; Rocky Point, 24-02-1986, BCF-A
11631, with tetrasporangia.

References: Feldmann and Hamel (1936), Searles (1968), Chapman
(1979), Cribb (1983), Lawson and John (1987), Adams (1994),
Rueness (1997), Stegenga et al. (1997).

Habit and vegetative structure: Plant up to 4 cm
high, consisting of much branched and often inter-
woven terete axes, 316-700 um in diameter; branch-
ing irregular or more or less dichotomous, with
branchlets of last order usually swollen and bearing
small spine-like appendices; attachment by means of
thinner and branched prostrate axes and several sec-
ondary attachment pads. Cortical cells elongated or
more or less isodiametric in surface view, 4-11 x 3-
8 um; apical cell divided by a oblique septum. In
cross section, central part of axes loose, containing
one axial cell 44-88 um in diameter, two pericentral
cells placed at different heights and at right angle,
and the basal part of cortical filaments; lower cells
of cortical filaments 16-60 x 12-50 um; outer cortex
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FiG. 64. — Caulacanthus ustulatus. Mowe Bay, Suider Kust, 6-02-
1988, BCF-A 11818. Scale bar = 1 cm.

more compact, with anticlinally elongated cells 9-18
X 4-10 pm. In longitudinal section, axial cells cylin-
dric, 220-260 x 72-80 um, bearing two pericentral
cells inserted at right angle, from which pseudodi-
chotomously branched cortical filament develops.
Reproduction: Tetrasporangia zonately divided,
elliptic, 47-88 x 22-44 um, radially arranged in the
cortical zone of branches, forming more or less

spread clusters; occasionally, tetrasporangia with
tetraspores several times divided, forming a more or
less compact cell cluster. Cystocarps ovoid or glo-
bose, acuminate, 900 um long and 740-800 pm
broad, ostiolate, occurring singly or in twos in the
apex of last order branches; carposporangia clavate
or ellipsoid, 48-120 x 24-32 pm, terminating in short
filaments and radially arranged from fusion cell.

Habitat: In the eulittoral zone, epilithic, growing
on mussel shells or epiphyte on other algae like
Rhodymenia natalensis, Ahnfeltiopsis glomerata,
Corallina sp., Mazzaella capensis, Nothogenia eri-
nacea and Gracilariopsis longissima.

Namibian distribution: Elizabeth Bay, Liideritz,
Swakopmund, Torra Bay, Mowe Bay, Rocky Point
(Lawson et al., 1990); Langstrand, Terrace Bay
(Map 29).

World distribution: Widespread in warm temper-
ate and tropical seas (Lawson and John, 1987).

Remarks: We must highlight the presence of
structures morphologically similar to tetrasporangia
but containing a great number of spores in our spec-
imens. In fact, these structures derive from the
tetrasporangia since we have observed intermediate
forms between the normal zonate tetrasporangia and
this sort of polysporangia. In these intermediate

F1G. 65. — Caulacanthus ustulatus. A. Three portions of an axis cross section showing tetrasporangia and structures derived from the latter.
B. Cross section of a sterile zone of an axis. Scale bar = 100 pm.
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forms not all the spores of the tetrasporangium are
divided (Fig. 65A). According to Sheath et al.
(1987) it is still not clear if the polysporangia are
more primitive than the tetrasporangia or, on the
contrary, if they have evolved from the latter as
accepted by several authors (Dixon, 1973; Guiry,
1978; Lee, 1989; Hoek et al., 1995).

In addition to Caulacanthus ustulatus, material
belonging to this genus has been recorded, as Caula-
canthus sp., from Torra Bay (Lawson et al., 1990).

Genus Heringia (Kiitzing) J. Agardh (1846)

Heringia mirabilis (C. Agardh) J. Agardh
(Figs. 66-67)

Sphaerococcus mirabilis C. Agardh (1820), pl. VIL
Heringia mirabilis (C. Agardh) J. Agardh (1846), pl. VIIL.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11842, with tetrasporangia and carposporangia; Mowe Bay, Cala
Poste, 7-02-1988, BCF-A 11845, with carposporangia; Mowe Bay,
Suider Kust, 6-02-1988, BCF-A 11844; Rocky Point, 24-02-1986,
BCF-A 11843.

References: Harvey (1847), Kiitzing (1868), Kylin (1932), Searles
(1968), Stegenga et al. (1997).

Habit and vegetative structure: Plant consisting
of a prostrate base from which several branched
erect axes, up to 2 cm high, arise; erect axes cylin-
drical in the lower part, 160-280 um in diameter, and
compressed upwards, 240-540 um in diameter in the
middle part; branching dichotomous, pseudodi-
chotomous or more or less palmate. Prostrate part
flabellate in surface view, with two kinds of cells,
some elongate, irregular in shape, 14-28 x 4-8 um,
forming a sort of ill-defined rib, and others rectan-
gular or almost isodiametric, 6-18 x 4-10 pum; corti-
cal cells of erect axes rounded or elongated in sur-
face view, 5-10 x 4-8 um; apex of erect axes round-
ed, obtuse, composed of several apical cells. In cross
section, prostrate part mostly monostromatic, distro-
matic in some places, with cells 6-8 x 4-8 um; erect
axes differentiated into medulla and cortex;
medullary cells ovate, elliptic or more or less isodi-
ametric, 24-44 x 16-24 um; cortical cells pigmented,
smaller, 7-10 x 4-8 um, arranged in two layers.

Reproduction: Tetrasporangia zonately divided,
elliptic, 24-46 x 10-18 pm, placed in the upper part
of cylindrical branches, forming a sort of stichidia
180-300 pum in diameter, slightly thicker than the
branch in itself; in cross section, tetrasporangia radi-
ally arranged in the cortical zone, between elongate
and more or less clavate cells. Cystocarps elliptic,
300-500 (-600) pum in external diameter, terminal or
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FIG. 66. — Heringia mirabilis. 5 km south of Swakopmund, 6-07-
1989, BCF-A 11842. Specimens epiphytic on Cladophora hospita.
Scale bar = 1 cm.

intercalary; carposporangia ovoid, 16-20 x 12-18
um. Spermatangia not seen.

Habitat: Epiphyte on Cladophora hospita, with
the prostrate part placed below the cuticle of the
support plant.

Namibian distribution: Swakopmund, Terrace
Bay (Lawson et al., 1990); Mowe Bay, Rocky Point
(Map 30).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa (Silva er al., 1996).

Remarks: Heringia mirabilis is a southern
African endemic species initially described as
Sphaerococcus mirabilis by C. Agardh (1820) from
some specimens epiphytic on Cladophora occurring
in the Cape of Good Hope. C. Agardh held the epi-
phyte and the support plant as different stages in the
life cycle of a single species (although he assigned
them to different genera) and he attributed the mor-
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FiG. 67. — Heringia mirabilis. A-B. Prostrate part of the plant. A. Surface view. B. Cross section. C-E. Erect part of the plant. C. Cortical cells in
surface view. D. Cross section of an axis in a sterile part. E. Portion of the cross section of an axis with one tetrasporangium. Scale bar = 50 um.

phological differences to a miraculous metamorpho-
sis process to which, probably, the name mirabilis
makes reference (Searles, 1968).

Searles (1968) carried out a thorough morpho-
logic and anatomic study of Heringia mirabilis, the
only certain species of this genus according to
Kyling (1956), and stated that the free living speci-
mens are taller (up to 10-15 cm high) than those
growing on other organisms (up to 2-3(-6) cm high).
Likewise, this author remarked that free living and
epiphytic specimens might belong to different
species, but as he did not know if these differences
corresponded to either genetic or ecological varia-
tions, he preferred to hold all the specimens as rep-
resentative of a single species.

The whole of our material consists of specimens
epiphytic on Cladophora hospita and it is compati-
ble with the Searles (1968) description of Heringia
mirabilis.

Family CYSTOCLONIACEAE Kiitzing (1843)
Genus Rhodophyllis Kiitzing (1847) nom. cons.

Rhodophyllis reptans (Suhr) Papenfuss
(Fig. 68)
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Halymenia reptans Suhr (1834), p. 735.
Rhodophyllis reptans (Suhr) Papenfuss (1956), p. 71.
Rhodophyllis capensis Kiitzing (1849), p. 786.
Ectoclinum kowiense Holmes (1896), p. 349.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-
A 11701, with carposporangia; Mile 30, 7-07-1989, BCF-A 11812;
Mowe Bay, 5-02-1988, BCF-A 11994; 29 km south of Kunene river
mouth, 22-02-1986, BCF-A 11813.

References: Kiitzing (1869), Papenfuss (1956), Stegenga et al.
(1997).

Habit and vegetative structure: Plant 1-2(-3) cm
high, consisting of short erect blades, more or less
lanceolate, often truncate, (0.5-)1-3 mm broad, sim-
ple or dichotomously divided, attenuate at base, stip-
itate, arising from prostrate axes bearing several
attachment pads. Stipe up to 2 mm long and 200-240
um in diameter. Blades with the surface smooth and
the margin entire, occasionally with a few short
marginal proliferations in the lower part; truncate
blades often with shortly stipitate apical prolifera-
tions. Cortical cells polygonal, elongated or more or
less isodiametric in surface view, 10-34 x 10-26 um.
Plastids numerous, discoidal. In cross section,
blades 76-100 pum thick, consisting of a thin, ill-
defined medulla and a cortex 1-2 cells thick; medul-
la with two kinds of cells, some ovate or elliptic, 12-
36 x 10-20 pm, periclinally arranged, and others,
smaller, 10-14 x 6-8 um, scattered between the for-
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FiG. 68. — Rhodophyllis reptans. A. Cortical cells in surface view.
B. Cross section of the blade. Scale bar = 50 pym.

mer; cortical cells anticlinally arranged, a few trans-
versally divided, 12-32 x 12-24 um, the outer ones
more pigmented. In longitudinal section, blade
structure quite similar, but with filaments or elon-
gate and sinuous cells scattered in the medulla.

Reproduction: Cystocarps spherical, 560 pum in
diameter, without pore, placed in the blade margins,
protruding from both sides of the blade; in cross sec-
tion, pericarp composed of five layers of pigmented
and more or less elliptic cells periclinally arranged;
carposporangia ovate or elliptic, 18-32 x 16-22 um.
Other reproductive structures not observed.

Habitat: Epiphyte on Plocamium rigidum and P.
glomeratum in the upper sublittoral zone, between
the Laminaria pallida haptera; on vertical walls of
tide pools, together with Ahnfeltiopsis glomerata
and Plocamium rigidum.

Namibian distribution: Swakopmund (Lawson
et al., 1990); Mile 30, Mowe Bay, South Kunene
(Map 31).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa, St. Paul Island (Silva et al., 1996).

Remarks: Rhodophyllis reptans was described by
Suhr (1834), as Halymenia reptans, on the basis of
material from Algoa Bay (east coast of South
Africa). Some years later, Kiitzing (1849) described
Rhodophyllis capensis from the Cape of Good
Hope. Later, Schmitz (1894), and more recently

Papenfuss (1956), concluded that R. capensis and H.
reptans are conspecific.

Our material agree quite well with both the
description and illustrations of this species showed
by Stegenga et al. (1997). However, our specimens
are relatively shorter, less branched and consist of
thinner blades.

Family GIGARTINACEAE Bory de Saint Vincent (1828)
Genus Gigartina Stackhouse (1809)

Gigartina bracteata (S. G. Gmelin) Setchell and
Gardner (Figs. 69-71)

Fucus bracteatus S. G. Gmelin (1768), p. 212.

Gigartina bracteata (S. G. Gmelin) Setchell and Gardner (1933),
p. 258, 295.

Chondrodictyon capense Kiitzing (1843), p. 396.

Iridaea clathrata Decaisne (1844), p. 236.

Gigartina clathrata (Decaisne) Rabenhorst (1878), p. 71.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11634, with carposporangia; Swakopmund, beach, 8-07-1989,
BCF-A 11636, with tetrasporangia; Mile 30, 7-07-1989, BCF-A
11637, with carposporangia.

References: Kiitzing (1867), Wynne (1986), Stegenga et al. (1997).

Habit and vegetative structure: Plant foliaceous,
of cartilaginous texture, consisting of lanceolate,
cuneate, stipitate, simple or divided blades up to 42
cm high and 7-18 cm broad, attached to the substra-
tum by means a basal disc. Stipe terete, 5 mm long
and 3-4 mm in diameter. Blade surface smooth and
homogeneously perforate to completely reticulate,
exceptionally with some isolate proliferation in the
margins of perforations (tetrasporophyte), or with
many papilla-like proliferations homogeneously

FiG. 69. — Gigartina bracteata (tetrasporophyte). Swakopmund,
beach, 8-07-1989, BCF-A 11636. Scale bar = 7 cm.
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Fic. 70. — Gigartina bracteata. Portion of a blade cross section.
Scale bar = 50 pm.

=

Fic. 71. — Gigartina bracteata. Cross section of the blade through a
tetrasporangial sorus. Scale bar = 400 pm.

scattered over both sides, sometimes with some iso-
late perforation, and remaining a 5 mm wide mar-
ginal band free of papillae (female gametophytes);
papillae simple, bifurcate or trifurcate, 2-7 x 1-2 um;
blade margin irregular, toothed (tetrasporophyte) or
with papillae (female gametophyte). Outer cortical
cells elongate or isodiametric in surface view, 2-4
um in greater diameter. In cross section, blade 900
um thick, differentiated into cortex and medulla.
Cortex 60-80 um thick, composed of anticlinally
arranged, dichotomously divided filaments 6-8 cells
long, with the inner cells elliptic or isodiametric, 6-
16 x 4-8 um, and the outer ones elongated, 3-8 x 2-
4 um; exceptionally, cortical cells with some lateral
protuberance. Medulla 740 um thick, composed of
cells cylindrical or having more or less long protu-
berances; transitional zone between cortex and
medulla with stellate cells of short arms forming a
network; inner medulla more compact, with the cells
arranged in periclinal branched filaments 2-5(-12)
um in lumen diameter. In a section parallel to the
blade surface, medullary filaments branched, form-
ing a network, composed of cells cylindrical or with
more or less long protuberances.

Reproduction: Tetrasporangia cruciate or decus-
sate, ovate or more or less elliptic, 28-38 x 20-26 um,
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formed in internal, circular (in surface view) or ovate
(in cross section) sori 1.4-2 mm in greater diameter;
sori immersed in the medulla, later opening to the
exterior through a depression and finally resulting in
blade perforations; at first, perforations with a
peripheral rim of remaining sporangia; sori more or
less homogeneously scattered in the whole of the
blade. Cystocarps spherical, 700-1500 pm in diame-
ter, immersed in both marginal and superficial papil-
lae, without pore; occasionally, a depression of the
papilla surface reach the cystocarp; in cross section,
gonimoblast delimited by a thin and compact layer of
filaments; carposporangia spherical, ovoid or ellip-
soid, 12-28 x 10-24 um. Spermatangia not seen.

Habitat: On mussel shells in drift material.

Namibian distribution: Halifax Bay, Swakop-
mund (Lawson et al., 1990); Mile 30 (Map 32).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997).

Remarks: Our specimens are consistent with the
description and illustrations of Gigartina bracteata
by Stegenga et al. (1997), as well as with the pho-
tographs of Wynne (1986) of this species. Likewise,
our observations on the morphology of the
tetrasporophyte completely agree with the remarks
of Wynne (1986) on this subject.

In our opinion, and on the basis of the available
bibliographical references, Gigartina bracteata is
similar to G. polycarpa (Kiitzing) Setchell and
Gardner, a species occurring from Liideritz to a bit
further than Cape Agulhas (Levitt et al., 1995) and
usually known by mistake under the name G. radu-
la (Esper) J. Agardh (Hommersand et al., 1994). In
a work on the intertidal flora and fauna of South
Africa, Stephenson (1948) recorded G. radula and
G. bracteata (as G. radula var. clathrata (Decaisne)
J. Agardh), pointing out that the former is perhaps
identical to G. polycarpa and that the latter is a deep
water species usually much eaten by snails. In fact,
G. radula (at present Sarcothalia radula (Esper)
Edyvane and Womersley) is a sublittoral species
occurring in southern Australia, Tasmania and New
Zealand (Edyvane and Womersley, 1994). This is a
species morphologically similar to G. polycarpa,
from which it can be differentiated by biochemical
methods (Hommersand et al., 1994).

Stegenga et al. (1997) recorded G. radula from
the west coast of South Africa and remarked that G.
polycarpa is a similar species occurring on the east-
ern Cape coast. According to these authors, G. poly-
carpa is more densely papillate than G. radula.
Moreover, Stegenga et al. (1997) stated that the



South African specimens of G. radula differ from
the Australian ones (as Bolton and Anderson (1990)
has already pointed out) and that they must receive a
different name since the type is Australian.

Gigartina bracteata differs from G. polycarpa in
the morphology of the tetrasporophyte, which is
completely perforate in the first species. Stephenson
(1948) attributed this fact to the activity of the
snails, whereas according to Wynne (1986) and to
our own observations, the perforations are produced
as a result of the spore release. In contrast, the game-
tophytes of both species are more difficult to distin-
guish and it is possible that some of our specimens
can be assigned to G. polycarpa, a species that also
has been recorded from Namibia. On the other hand,
G. bracteata and G. polycarpa also can be differen-
tiated by their ecology, since the former is a deep
water species (Stephenson, 1948) whereas the latter
grows in the eulittoral zone of rocky shores (Ander-
son et al., 1989; Molloy, 1990; Levitt et al., 1995).

In agreement with Wynne (1986), our material
also consists of perforate sporophytes and papillate
gametophytes. Moreover, in agreement with
Stephenson (1948), it is possible that our specimens,
as well as those of Wynne (1986), were of depth,
since they were part of drift material and we did not
find attached specimens in the eulittoral zone. For
these reasons, we have assigned our material to
Gigartina bracteata, although we think that a thor-
ough study of both this species and G. polycarpa
should be carried out since its gametophytes are
very similar, as we have mentioned above.

According to Hommersand et al. (1993) and
Hommersand et al. (1994) the genus Sarcothalia is
characterized, among other aspects, by the dimor-
phism between gametophytes and sporophytes, so
that the former usually are thorny or proliferous,
with the cystocarps placed in the proliferations, and
the latter smooth, with inner and non protruding sori
of tetrasporangia. This feature agrees with those of
G. bracteata and thus, we hold that this species
should be transferred to the genus Sarcothalia.
However, we believe that a taxonomic study of this
species, especially concerning the development and
morphology of the reproductive structures, should
be carried out.

Finally, and as far as the gametophyte morpholo-
gy is concerned, our specimens are similar to Sar-
cothalia circumcincta (J. Agardh) Hommersand (=
Gigartina circumcincta J. Agardh), a New Zealand
species that is very similar to Sarcothalia radula
(Setchell and Gardner, 1933; Edyvane and Womers-

ley, 1994). On the other hand, with reference to G.
circumcincta, Adams (1994) remarked that G. radu-
la is considered to be the correct name for this plant.
Chapman (1979) pointed out that G. circumcincta is
a very polymorphic species and that possibly a
group of related species would be in either specia-
tion or hybridisation process.

Genus Mazzaella De Toni (1936)

Hommersand et al. (1993) distinguished Iridaea
from Mazzaella, and transferred I. capensis to the
genus Mazzaella. In addition to this species, 1. elon-
gata also occurs in Namibia. This last taxon, that has
not been taken into account in the work of Homm-
ersand et al. (1993), is probably synonymous of M.
capensis (see the remark in this taxon).

Mazzaella capensis (J. Agardh) Fredericq in
Hommersand et al.
(Figs. 72-74; Plate II)

Iridaea capensis J. Agardh (1848), p. 47.
Iridophycus capensis (J. Agardh) Setchell and Gardner (1936), p.
470.

Mazzaella capensis (J. Agardh) Fredericq in Hommersand ef al.
(1993), p. 112.

Selected specimens: Langstrand, 6-07-1989, BCF-A 11582, with
tetrasporangia and carposporangia; 5 km south of Swakopmund, 6-
07-1989, BCF-A 11583, with tetrasporangia and carposporangia;
Swakopmund, beach, 8-07-1989, BCF-A 11584, with tetrasporan-
gia; Cape Cross, 7-07-1989, BCF-A 11585, with carposporangia;
Mile 108, 13-07-1989, BCF-A 11586, with carposporangia; Terrace
Bay, February 1986, BCF-A 11587, with carposporangia; Mowe
Bay, 25-02-1986, BCF-A 11763, with carposporangia; Mowe Bay,
Cala Poste, 7-02-1988, BCF-A 11588, with tetrasporangia and car-
posporangia; Mowe Bay, Suider Kust, 6-02-1988, BCF-A 11762;
Rocky Point, 24-02-1986, BCF-A 11765, with tetrasporangia and
carposporangia; Cape Frio, 23-02-1986, BCF-A 11589, with car-
posporangia; Angra Fria, 20-02-1986, BCF-A 11591; 29 km south
of Kunene river mouth, 22-02-1986, BCF-A 11590, with carpospo-
rangia.

References: Simons (1969, 1976), Simons and Hewitt (1976),
Branch and Branch (1981), Anderson et al. (1989), Stegenga et al.
(1997).

Habit and vegetative structure: Plant foliose, con-
sisting of one or more stipitate blades up to 58 cm
high and 2-25 cm broad, attached to the substratum
by a basal disc. Stipe 1-3 cm long, cylindric in the
lower part, compressed, cuneate and often channelled
upwards, with the margin entire, finely granulate or
bearing more or less abundant lateral proliferations.
Blade generally lanceolate and simple, sometimes
more or less orbicular or broader than high, suddenly
expanded from the stipe, simple or divided; blade sur-
face smooth, more or less granulate in fertile speci-
mens, sometimes with a few perforation; blade mar-
gin entire or irregularly sinuous, exceptionally two-
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FiG. 72. — Mazzaella capensis. 5 km south of Swakopmund, 6-07-
1989, BCF-A 11583. Scale bar = 5 cm.

lipped in some places. Outer cortical cells elongated
or more or less isodiametric in surface view, 3-6 um
in greater diameter. In cross section, blade 420-1100
um thick, differentiated into cortex and medulla; cor-
tex 55-100 um thick, composed of anticlinal, dichoto-
mously divided filaments (5-)7-10(-11) cells long,
with cells elliptic or more or less isodiametric, 4-12 x
(2-)3-8 um, the inner ones elongated and bigger, 9-
22(-26) x 4-12 um; medulla (260-)360-780 um thick,
composed of filaments 4-14 pum in diameter (the
lumen 2-4(-6) um), with cells cylindrical or bearing
irregular protuberances, a few more or less stellate,
forming a loose network; in some specimens, inner
medullary filaments more or lees periclinally
arranged; transitional zone between medulla and cor-
tex composed of short filaments and cells bearing
protuberances, forming a network.

Reproduction: Tetrasporangia cruciate or decus-
sate, usually elliptic, 22-42 x 16-30(-32) um, arising
from medullary filaments and placed in internal sori;
sori circular or elliptic in surface view, 400-800 um
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Fi6. 73. — Mazzaella capensis. Portion of a blade cross section.
Scale bar = 50 um.

FI1G. 74. — Mazzaella capensis. Cross section of the blade. Scale bar
=160 um.

in greater diameter, scattered in the whole of the
blade; in cross section, sori elliptic, 400-960 x 260-
540 um, placed in the outer medulla, below the cor-
tex, in both sides of the blade. Cystocarps internal,
more or less circular in surface view, 400-2000 um
in diameter, often consisting of two or more lobes,
scattered in the whole of the blade; in cross section,
cystocarps elliptic, 258-1900 x 215-800 um,
immersed in the medulla and protruding from both
sides of the blade; carposporangia elliptic, more or
less isodiametric or pear-shaped, 13-30(-34) x 12-22
um. Spermatangia not seen.

Habitat: Epilithic or growing on mussel shells in
the lower eulittoral zone, together with Centroceras
clavulatum, Gastroclonium reflexum and Caulacan-
thus ustulatus among other species.

Namibian distribution: Elizabeth Bay, Grosse-
bucht, Diaz Point, Liideritz, Swakopmund, Terrace
Bay, Mowe Bay, Cape Frio, Honolulu (Lawson et
al., 1990); Langstrand, Cape Cross, Mile 108,
Rocky Point, Angra Fria, South Kunene (Map 33).



World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa (Silva et al., 1996).

Remarks: Mazzaella capensis, previously known
as Iridaea capensis, shows a distribution basically
restricted to the Atlantic coast of southern Africa.
This is a fairly common species growing on rocky
substrate of sand-affected areas and thus, it can
remain buried in the sand for some months, surviv-
ing as a crustose form and give rise to new blades
when the sand moves away (Bolton and Levitt,
1992; Bolton and Joska, 1993).

In addition to Iridaea capensis, Lawson et al.
(1990) recorded I. elongata Suhr from Walvis Bay
on the basis of the work of Delf and Michell (1921).
In the paper on the seaweeds of the western coast of
tropical Africa, Price ef al. (1992) remarked on the
possibility that I. elongata may be a synonym of
Mazzaella capensis. Likewise, on the basis of the
rbcL sequence analysis, Hommersand et al. (1994)
suggest the possibility that Mazzaella capensis may
be a synonym of M. laminarioides, a south Ameri-
can species occurring also in Gough Island, Falk-
land Islands, Kerguelen, Crozet Islands and Auck-
land Island (Chamberlain, 1965).

Family HYPNEACEAE J. Agardh (1851)
Genus Hypnea Lamouroux (1813)

Key to species of Hypnea:

1. In cross section, medulla composed of cells more
or less similar in S1ZE......ccccecuvvvvvevevuveveeeeereeeenenes 2

1. In cross section, inner medulla composed of a
cluster of cells smaller than those of the outer
medulla........coovvieiiiiii e 4

2. Plant consisting of axes 1 mm in diameter

approximately .........cccceeeeveennnenn. H. musciformis*
2. Plant consisting of narrower axes, up to 0.5 mm
1N dIAMELET...c..eeiiieiiieiceicercecec e 3

3. Branching fastigiate; hooked apices usually

ADSENL ..ot H. ecklonii
3. Branching irregular; hooked apices present.........
............................................................. H. tenuis*

4. Plant consisting of free axes 1-2 mm in diameter
........................................................... H. spicifera

4. Plant consisting of axes 0.5 mm in diameter
approximately, united by means secondary
attachment pads.........cccceevveenieenneens Hypnea. sp.

* H. musciformis was not observed. You can find
more information about this taxon in Lawson and
John (1987) and Stegenga et al. (1997). On the other
hand, Engledow (1998) recorded H. tenuis from sev-
eral localities in Namibia. Some of our specimens of
H. ecklonii are very similar to this species, but many
intermediate forms between both taxa occur in our
material. According to our own data, both species
are very difficult to delimitate and we have preferred
to consider all of our material as H. ecklonii (see the
remark on this species).

Hypnea ecklonii Suhr
(Figs. 75-76)

Hypnea ecklonii Suhr (1836), p. 342.
Hypnea ceramioides Kiitzing (1849), p. 759.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11679; Swakopmund,beach, 8-07-1989, BCF-A 11680, with
tetrasporangia; Mile 30, 7-07-1989, BCF-A 11681, with tetraspo-
rangia; Mile 32, 7-07-1989, BCF-A 11682, with tetrasporangia and
carposporangia; Mowe Bay, 4-02-1988, BCF-A 11814, with
tetrasporangia and carposporangia; Mowe Bay, Cala Poste, 7-02-
1988, BCF-A 11683, with tetrasporangia; Mowe Bay, Suider Kust,
6-02-1988, BCF-A 11815, with tetrasporangia and carposporangia;
Rocky Point, 24-02-1986, BCF-A 12117, with tetrasporangia; 29
km south of Kunene river mouth, 22-02-1986, BCF-A 11676.

References: Kiitzing (1849, 1868), Kylin (1938), Bodard (1968),
Stegenga et al. (1997).

Habit and vegetative structure: Plant up to 7
(-10) cm high, consisting of much branched, terete
axes 240-460 um in diameter; branches often fasti-
giate, occasionally united by twisting some round
others; attachment by means of branched haptera
bearing small attachment pads; sometimes, speci-
mens entangled with other algae, to which they
attach via numerous hooked axis apices. Branching
irregular, occasionally unilateral; branches usually
tapering towards the apex and constricted at inser-
tion point, some spine-like, others with slightly
swollen hooked apices, sometimes completely
twisted; spine-like branches and branches terminat-
ing in hooked apices more or less abundant depend-
ing on the specimens. Outer cortical cells elongat-
ed, triangular or more or less isodiametric in surface
view, 8-22 x (6-)8-17 pum; apical cell single, dome-
shaped. Plastids numerous. In cross section, medul-
la composed of an axial cell (40-)56-108 x (32-)44-
84 um surrounded with colourless and more or less
polygonal cells (32-)52-104 x 24-76 um, but some
of smaller size; cortical cells pigmented, more or
less rectangular in shape, 10-24 x 5-14 um, anticli-
nally arranged forming a continuous layer; subcor-
tical cells 14-48 x 9-40 pum. In longitudinal section,
axial filament clearly visible, composed of cylindric
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FiG. 75. — Hypnea ecklonii. A. Rocky Point, 24-02-1986, BCF-A 11675. B. 5 km south of Swakopmund, 6-07-1989, BCF-A 11679. A. Scale
bar = 1 cm. B. Scale bar =2 cm.
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FiG. 76. — Hypnea ecklonii. A-B. Detail of two portions of the plant. C. Cortical cells in surface view. D. Cross section of an axis. E.
Longitudinal section of an axis. F. Cross section of a branch with tetrasporangia. A-B. Scale bar = 1 mm. C-F. Scale bar = 50 um.
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or a little barrel-shaped cells (152-)300-514 x (32-)
48-134 um.

Reproduction: Tetrasporangia zonately divided,
elliptic, (48-)64-100 x 32-60 um, formed in slightly
swollen, simple or ramified branchlets constricted at
base forming a short stalk; in cross section, tetraspo-
rangia radially arranged, placed among dichoto-
mously divided filaments arising from the axial cell.
Cystocarps globose, 300-700 um in external diame-
ter, provided with a slightly prominent pore and
eccentrically placed in the middle part of the spine-
like branchlets; carposporangia obovate or elliptic,
30-44 x 22-30 um, terminal in elongate, club-shaped
cells, one in each cell. Spermatangia not seen.

Habitat: In tide pools; also occurring in the lower
eulittoral and upper sublittoral zones, among Lami-
naria pallida haptera or epiphyte on several algae,
as Chaetomorpha robusta, Cladophora flagelli-
formis, C. hospita, Ahnfeltiopsis vermicularis and
Tayloriella tenebrosa. In drift material, epiphyte on
Chondpria capensis and Ahnfeltiopsis vermicularis.

Namibian distribution: Rocky Point (Lawson et
al., 1990); Swakopmund, Mile 30, Mile 32, Mowe
Bay, South Kunene (Map 34).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997); Senegal, Maurita-
nia (Price et al., 1992). Indian Ocean: South Africa
(Silva et al., 1996).

Remarks: Hypnea ecklonii was described by Suhr
(1836) on the basis of material from Algoa Bay (east
coast of South Africa) and later recorded from other
localities of this country (Delf and Michell, 1921;
Kylin, 1938; Stephenson, 1948; Jackelman et al.,
1991). Delf and Michell (1921) included a record of
this species from Walvis Bay, but Lawson et al.
(1990) held that the specimens to which it referred
belong to H. musciformis (Wulfen) Lamouroux. On
the other hand, Kiitzing (1849) described H.
ceramioides from Table Bay, in the South African
Atlantic coast. This species also has been recorded
from Namibia, Senegal and Mauritania (Price et al.,
1992). Recently, Stegenga et al. (1997) held H.
ceramioides as a synonym of H. ecklonii but they do
not take into account the records of Senegal and
Mauritania in its distribution. In contrast, Silva et al.
(1996) considered the species as different taxa.

The material that we have assigned to Hypnea
ecklonii show a fairly variable morphology, from
specimens with fastigiate branches and straight
apices to more chaotic specimens with numerous
branches ending in hooked apices. The former are
perfectly compatible with the Stegenga et al. (1997)

drawing of H. ecklonii and with the Kiitzing (1868)
illustrations of H. ceramioides. The latter agree
quite well with the figures of H. rosea Papenfuss by
Simons (1976) and Branch and Branch (1981), as
well as with the Stegenga et al. (1997) drawing of H.
tenuis Kylin. In contrast, anatomically, all speci-
mens have a very similar inner structure, which
agrees quite well with those of both H. ecklonii and
H. ceramioides. However, in our material, the size
difference between the axial cell and the medullary
cells is not as marked as is shown by Stegenga et al.
(1997) in H. ecklonii.

Hypnea rosea and H. tenuis occur mainly on the
west coasts of the Indian Ocean (Silva et al., 1996)
albeit they have also been recorded from the south
west coast of South Africa, between Cape Agulhas
and Cape of Good Hope (Stegenga et al., 1997), and
H. tenuis also from Namibia (Engledow, 1998).
According to Papenfuss (1947) and Stegenga et al.
(1997) H. rosea consists of axes 1-1.5 mm in diam-
eter, whereas in our specimens they are 240-460 um
in diameter. On the other hand, H. tenuis is a small
species reaching at most 3 cm in height and consist-
ing of axes 250(-400) um in diameter (Kylin, 1938;
Stegenga et al., 1997). In contrast, our specimens
can reach up to 7 cm high, although they also con-
sist of relatively thin axes.

Lawson and John (1987) remarked that the pres-
ence of thickened and hooked apices in Hypnea
musciformis (Wulfen) Lamouroux depends on the
degree of wave action, so that the specimens grow-
ing in places with very little wave action show
hooked apices whereas in those growing in places
with moderate to strong wave action the apex may
be straight and unthickened. This fact could explain
the highest frequency of hooked apices in some of
our specimens of Hypnea ecklonii.

Therefore, albeit some of our specimens are mor-
phologically similar to Hypnea rosea and H. tenuis,
we have preferred to assign them to Hypnea eck-
lonii, holding that the frequency of hooked apices
depends on environmental features and that H. rosea
and H. tenuis are almost exclusively Indian species
(Stegenga et al., 1997). However, it is important to
point out that Lawson et al. (1990) recorded Hypnea
(?) tenuis from the Kunene River, and more recent-
ly, Engledow (1998) recorded this species from sev-
eral localities in Namibia.

In agreement with Price et al. (1992), we hold that
the genus Hypnea includes numerous nomenclatural-
ly and taxonomically confused species and that it
requires a monographic treatment on a world scale.
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Hypnea spicifera (Suhr) Harvey in J. Agardh
(Figs. 77-78)

Gracilaria spicifera Suhr (1834), p. 731.

Hypnophycus spicifer (Suhr) Kiitzing (1843), p. 405.

Hypnea spicifera (Suhr) Harvey in J. Agardh (1847), p. 14.
Sphaeococcus musciformis var. armatus C. Agardh (1822), p. 328.
Hypnea armata (C. Agardh) J. Agardh (1851), p. 444, nom. illeg.
Hypnea harveyi Kiitzing (1849), p. 760.

Selected specimens: 29 km south of Kunene river mouth, 22-02-
1986, BCF-A 11672, with carposporangia; ibid., BCF-A 11673,
with tetrasporangia.

References: Harvey (1847), Isaac and Hewitt (1953), Hewitt (1960),
Simons (1969, 1976), Branch and Branch (1981), Stegenga et al.
(1997).

Habit and vegetative structure: Plant 6-12 cm
high, consisting of branched, terete erect axes 1-2
mm in diameter, arising from branched, interwoven,
thinner prostrate axes attached to the substratum by
means of several haptera. Branching irregular,
sometimes proliferous, with branches tapering
towards the apex; fertile specimens with numerous
simple or branched spine-like branchlets bearing
reproductive structures. Outer cortical cells elongat-
ed in surface view, 5-12 x 2-8 um. In cross section,
medullary cells colourless, polygonal, the central
ones more or less isodiametric, 36-71 x 27-64 um,
and the outer elongated, bigger, 95-174 x 63-111
um; subcortical and cortical cells pigmented, the lat-
ter elongated, 10-14 x 4-8 um, anticlinally arranged
forming a continuous layer. In longitudinal section,
medullary cells polygonal, the central ones very
long, 695-830 x 63-79 um, and the outer progres-
sively shorter and broader towards the cortex, 134-
553 x 79-134 pum; cortical and subcortical cells as in
cross section.

FiG. 77. — Hypnea spicifera. 29 km south of Kunene river mouth,
22-02-1986, BCF-A 11672. Scale bar = 3 cm.
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Fi1G. 78. — Hypnea spicifera. A. Cross section of an erect axis. Scale
bar = 300 um. B. Detail of the cortical zone in cross section. Scale
bar = 50 ym.

Reproduction: Tetrasporangia zonately divided,
48-76 x 20-32 um, placed in sori partially covering
the simple or branched spine-like branches. Cysto-
carps globose, 728 um in external diameter, opening
to the exterior through a pore; carposporangia 27 x
18-27 um. Spermatangia not seen.

Habitat: Epilithic in the lower eulittoral zone.

Namibian distribution: Liideritz, Agate Beach,
Rocky Point, Kunene River (Lawson et al., 1990)
(Map 35).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa, Madagascar, Réunion, Mauritius,
Kenya, Pakistan, India (Silva et al., 1996).

Remarks: Hypnea spicifera was described by Suhr
(1834), as Gracilaria spicifera, on the basis of mate-
rial from Algoa Bay (south east coast of South
Africa). This species is widespread on the South
African coasts, being more abundant in the east than
in the west (Stephenson, 1948; Isaac and Hewitt,
1953). In Namibia, H. spicifera has been recorded



from both north and south coasts, growing either in
the lower eulittoral zone or among the Laminaria pal-
lida specimens in the upper sublittoral (Penrith and
Kensley, 1970a and 1970b; Lawson et al., 1990).

Hypnea sp.
(Figs. 79-80)

Selected specimens: 29 km south of Kunene river mouth, 22-02-
1986, BCF-A 11677, with tetrasporangia.

Habit and vegetative structure: Plant up to 5 cm
high, consisting of prostrate and erect, branched,
interwoven axes forming dense turfs associated with
sand cover. Erect axes terete, 480-640 um in diame-
ter, irregularly or more or less dichotomously
branched, united by means secondary attachment
pads and sometimes bearing some spine-like
branchlets. Outer cortical cells elliptic, triangular or
more or less isodiametric in surface view, 8-20 x 6-
16 pm. Plastids discoidal. Apical cell single. In cross
section, medulla composed of a central core of rela-
tively small rounded cells 20-60 x 20-44 pm, sur-
rounded by radially arranged, more or less elliptic
cells 64-152 x 40-96 um; one axial cell and 6-8 peri-
central cells often visible in the central medulla,
especially in the upper part of axes; cortex com-
posed of a layer of pigmented, elongate or more or
less isodiametric cells 10-16 x 8-16 pm; subcortical
cells ovate, elliptic or rounded, 20-44 x 16-44 pum. In
longitudinal section, central medullary cells elongat-
ed, 140-260 x 36-52 um.

Reproduction: Tetrasporangia zonately divided,
elliptic, 50-74 x 20-38 um, radially arranged in
small branches, among the cortical and subcortical
cells of relatively swollen zones like nematecia.
Other reproductive structures not observed.

Habitat: In the lower eulittoral zone, together
with Gelidium pusillum, forming dense turfs trun-
cate in the upper part, retaining sediment and small
molluscs.

Namibian distribution: South Kunene (Map 36).

Remarks: On the basis of consulted literature,
and by the presence of secondary attachment pads
uniting the axes, our specimens are similar to Hyp-
nea cenomyce J. Agardh, H. spinella (C. Agardh)
Kiitzing and H. pannosa J. Agardh, species which
are widespread in warm temperate and tropical seas
(Lawson and John, 1987; Price and Scott, 1992).
However, they differ from these species in habit and
anatomy. Concerning inner structure, the three men-
tioned species show a single axial cell surrounded
by several larger medullary cells (Yamagishi and

F1G. 79. — Hypnea sp. Habit. Scale bar = 1 cm.
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FiG. 80. — Hypnea sp. A. Cross section of an erect axis. B. Portion
of a branch cross section with tetrasporangia. Scale bar = 150 um.

Masuda, 1997; Chiang, 1997; Lewmanomont, 1997;
Xia and Wang, 1997), whereas in our specimens the
medulla consists of a central core of small cells sur-
rounded by larger medullary cells. In this way, our
material more or less agrees with Hypnea rosea,
since this species has a medulla composed of small
central medullary cells (an axial cell and 6-7 peri-
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central cells) surrounded by larger medullary cells
(Papenfuss, 1947). Nevertheless, unlike our speci-
mens, in H. rosea the axes are thicker, bear spine-
like branchlets and often end in hooked apices. Like-
wise, by the presence of a central core of small cells,
our specimens also agree with other species, like H.
spicifera (Suhr) Harvey, Hypnea chordacea Kiitz-
ing, H. flagelliformis J. Agardh, H. japonica Tanaka,
H. saidana Holmes and H. variabilis Okamura.
However, according to available descriptions, these
species show a different habit, can reach a bigger
size (up to 8-16 cm high in comparison with up to 5
cm in our specimens) and consist of relatively thick-
er axes (0.8-2.8 mm in diameter in comparison with
0.5-0.6 mm in our specimens).

Family KALLYMENIACEAE W.R. Taylor (1937)

During a meeting of the Phycological Society of
America held at California in July 1996, the order
Dumontiales, including the families Dumontiaceae,
Polyideaceae, Rhizophyllidaceae and Kallymeni-
aceae, was proposed (Fredericq et al., 1996). Since
we do not know the work in which this new order is
created, we prefer to follow Kraft and Robins (1985)
and Saunders and Kraft (1996) and we place the
family Kallimeniaceae in the order Gigartinales.

Genus Kallymenia J. Agardh (1842)
Key to species of Kallymenia:

1. Blade divided into cuneate lobes, with the distal
margin entire or slightly granulate; stellate cells
abundant in the medulla .............. K. schizophylla

1. Blade divided into irregular lobes, with the distal
margin usually toothed; stellate cells inconspicu-
ous and scant in the medulla............ K. agardhii*

* K. agardhii was not observed. You can find
more information about this taxon in Norris (1964)
and Stegenga et al. (1997).

Kallymenia schizophylla J. Agardh
(Fig. 81)

Kallymenia schizophylla J. Agardh (1848), p. 48.
Iridaea curvata Kiitzing (1849), p. 729.

Lectotype: Agardh Herbarium n. 24572. Table Bay, Cape Peninsu-
la, South Africa.

Selected specimens: Mowe Bay, 5-02-1988, BCF-A 11995, with

tetrasporangia; Rocky Point, 24-02-1986, BCF-A 1159, with car-
posporangia and spermatangia.
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FiG. 81. — Kallymenia schizophylla. A. Cross section of the blade.

B. Stellate medullary cell. C. Portion of a blade cross section with

tetrasporangia. D. Cortical cells in surface view. A-C. Scale bar =
50 um. D. Scale bar = 25 ym.

References: Norris (1964), Wynne (1986), Stegenga et al. (1997).

Habit and vegetative structure: Plant consisting
of a blade up to 12 cm high, divided into more or
less cuneate lobes 1-3 cm broad, and attached to the
substratum by a basal disc, without stipe; blade with
the surface smooth and the margin slightly granu-
late. Outer cortical cells rounded or elongated in sur-
face view, 4-10 x 4-8 um. In cross section, blade
158-237 pm thick, differentiated into cortex and
medulla; cortex 2-3 cell layers, the outer ones round-
ed or anticlinally elongated, 6-10 x 4-8 um, and the
inner ones elliptic or more or less isodiametric, big-
ger, 12-36 x 10-20; medulla filamentous, with stel-
late cells of long arms quite abundant; medullary fil-
aments (2-)6-10(-16) um in diameter, often with
dense contents. In a section parallel to the blade sur-
face, medullary filaments branched, and stellate
cells with arms up to 200 pm long.

Reproduction: Tetrasporangia decussate, ovate or
elliptic, 24-32 x 16-20 um, placed among the cortical
cells and occurring in sori in the blade lobes. Plant
dioecious. Carpogonial branch apparatus composed
of a supporting cell and several 3 celled carpogonial
branches; the two lower cells of each carpogonial
branch spheroid and of different size; carpogonia
ending in a coiled trichogyne; cystocarps immersed,
without pore, 360-500 x 300-460 um in surface view,
scattered over the whole of the blade, but more abun-
dant in the marginal zones; carposporangia 11-14 x



8-11 um. Spermatangia developed from the outer
cortical cells, occurring in superficial sori.

Habitat: Epilithic in the upper sublittoral zone.

Namibian distribution: Liideritz, Swakopmund,
Terrace Bay (Lawson et al.,, 1990); Mowe Bay,
Rocky Point (Map 37).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997); Cape Verde
Islands, Senegal (Price et al., 1992), Morocco (Dan-
geard, 1949).

Remarks:  Kallymenia  schizophylla — was
described by J. Agardh (1848) on the basis of mate-
rial from Table Bay. Nowadays its distribution is
limited to the Atlantic coasts of Africa and the Cape
Verde Islands.

Our material agrees quite well with the Norris
(1964) description of the species, albeit it has slight-
ly larger tetrasporangia.

According to Norris (1964), Kallymenia schizo-
phylla is very similar to the type species K. reni-
formis (Turner) J. Agardh, from which it differs in
the life cycle. In this way, the former is an annual
plant (at least the blade) whereas the latter is peren-
nial.

In addition to Kallymenia schizophylla, the other
species of this genus occurring on the south Atlantic
coasts of Africa are K. agardhii Norris and K.
papenfussii Norris. Both species were described by
Norris (1964) on the basis of material from South
Africa and at the present time its distributions are
limited to the coasts of this country. According to
this author, K. agardhii differs from K. schizophylla
in having a thicker and more branched blade, which
often has irregularly dentate margins and surface
papillae. On the other hand, K. papenfussii differs
from K. schizophylla by its perforate blade. Howev-
er, Stegenga et al. (1997) held that the degree of
blade perforation is very variable and they include
K. papenfussii in K. schizophylla.

Family PHYLLOPHORACEAE Négeli (1847)
Genus Ahnfeltiopsis P. Silva and DeCew (1992)

Silva and DeCew (1992) created the genus Ahn-
feltiopsis in order to accommodate those species
previously assigned to Ahnfeltia and Gymnogongrus
that produce internal cystocarps and have a life his-
tory in which erect gametophytes alternate with a
crustose tetrasporophyte (Bonnemaisonia hamifera-
type life history). The genus Ahnfeltia also has this
type of life history but, on the contrary, the car-
posporophytes are external (Maggs and Pueschel,

1989). In the genus Gymnogongrus, in contrast, the
pustule-like tetrasporophytes (tetrasporoblast or
nematecium) develop directly on gametophyte, lack-
ing the carposporophyte (Masuda and Norris, 1994;
Masuda et al., 1996). On the other hand, on the basis
of rbcL sequence analysis, Fredericq and Ramirez
(1996) observed that some species with tetrasporob-
lasts are genetically more close to taxa bearing cys-
tocarps than to other tetrasporoblastic species. Tak-
ing this into account, as well as the fact that the
tetrasporoblasts, like cystocarps, develop from the
auxiliary cells, Fredericq and Ramirez (1996) stated
that the presence or absence of tetrasporoblasts can-
not be used to distinguish genera. These authors also
remarked that thorough morphological studies must
be carried out before Ahnfeltiopsis and Gymno-
gongrus may be separated. At the same time, Masu-
da et al. (1996) observed that the development of the
tetrasporoblasts in Gymnogongrus griffithsiae
(Turner) Martius, the type species of the genus, is
different from that of cystocarps in Ahnfeltiopsis, as
already suggested by Masuda and Norris (1994).
According to Masuda et al. (1996) the life history
type occurring in the species of Gymnogongrus (G.
griffithsiae-type) could derive from the life history
type occurring in the species of Ahnfeltiopsis (Bon-
nemaisonia hamifera-type) through a reduction and
loss of the carposporophytes or condensation of a
tetrasporophyte and carposporophyte. Moreover, on
the basis of morphological similarities between
species of Ahnfeltiopsis and species of Gymno-
gongrus, Masuda et al. (1996) pointed out that the
divergence from a life history type to other could
have occurred independently several times along the
evolution. If it is true, the genetic similarity between
Ahnfeltiopsis and Gymnogongrus observed by Fred-
ericq and Ramirez (1996) could be explained. How-
ever, in our opinion, this similarity should be ratified
by the study of other base sequences.

In agreement with other authors (Silva and
DeCew, 1992; Lewis and Womersley, 1994; Masuda
and Norris, 1994; Silva et al., 1996; Masuda et al.,
1996; Stegenga et al., 1997), we treat Ahnfeltiopsis
and Gymnogongrus as separate entities, since in our
opinion, the life history type and the manner of
development of both tetrasporoblasts and cystocarps
are important enough features to distinguish them.
Nevertheless, in agreement with Fredericq and
Ramirez (1996) and Masuda et al. (1996), we hold
that future studies on these taxa are required.

In this work, only the gametophyte description
and distribution of both Ahnfeltiopsis glomerata and

MARINE BENTHIC ALGAE OF NAMIBIA 83



A. vermicularis (the only two species found by us)
are shown. However, there are some Swakopmund
specimens of a crustose Rhodophyceae which could
belong to the tetrasporophytic stadium of either of
these two species or A. polyclada (Kiitzing) P. Silva
and DeCew, the latter recorded from Namibia by
Anderson and Bolton (1990). According to these
authors, the tetrasporophytes of these species are
morphologically and anatomically very similar and
therefore difficult to distinguish. The specimens to
which we refer to (5 km south of Swakopmund, 6-
07-1989, BCF-A 12118, with tetrasporangia) have
the following features: plant crustose, more or less
soft in texture (the filaments separating under pres-
sure); in cross section, cells of erect filaments rec-
tangular or more or less spindle-shaped, 8-14 x 4-5
um; tetrasporangia cruciate or decussate, spindle-
shaped, 24-28 x 6-8 um, seriate in erect filaments
ending in one or more sterile cells, placed in sori.

Key to species of Ahnfeltiopsis:

1. Plant up to 6 cm high; axes flattened, 1-3 mm
broad......ccceeeiieeiieeeeee e A. glomerata

1. Plant up to 20 cm high; axes cylindrical or
slightly compressed, 1-2 mm in diameter. ...........
..................................................... A. vermicularis

In addition to the species referred to in the pre-
sent study, A. polyclada (Kiitzing) P. Silva and
DeCew and A. complicata (Kiitzing) P. Silva and
DeCew were also recorded from Namibia. The for-
mer is similar to A. vermicularis, from which it dif-
fers by having secund series of short branchlets. A.
complicata is very similar to some specimens that
we have identified as Gymnogongrus sp. (see the
remarks in this taxon).

Ahnfeltiopsis glomerata (J. Agardh) P. Silva and
DeCew (Figs. 82-83)

Gymnogongrus glomeratus J. Agardh (1849), p. 88.
Ahnfeltiopsis glomerata (J. Agardh) P. Silva and DeCew (1992),
p. 578.

Gymnogongrus corymbosus J. Agardh (1849), p. 88.

Chondrus coriaceus Kiitzing (1849), p. 736.

Gymnogongrus coriaceus (Kiitzing) Grunow (1867), p. 73.

Type: Agardh Herbarium n. 24204. Cape of Good Hope, South
Africa.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11655, with carposporangia; Swakopmund, beach, 8-07-1989,
BCF-A 11656; Mile 32, 7-07-1989, BCF-A 11657; Mowe Bay,
Suider Kust, 6-02-1988, BCF-A 11816, with carposporangia;
Rocky Point, 24-02-1986, BCF-A 11658, with carposporangia;
Cape Frio, 23-02-1986, BCF-A 11660, with carposporangia; Angra
Fria, 20-02-1986, BCF-A 11659, with carposporangia.
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F1G. 82. — Ahnfeltiopsis glomerata. 5 km south of Swakopmund, 6-
07-1989, BCF-A 11655. Scale bar = 1 cm.
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FI1G. 83. — Ahnfeltiopsis glomerata. A. Cross section of the blade. B.
Detail of the cortical zone in a longitudinal section of the blade.
Scale bar = 50 um.



References: Papenfuss (1943), Simons (1976), Branch and Branch
(1981), Wynne (1986), Anderson and Bolton (1990), Stegenga et
al. (1997).

Habit and vegetative structure: Plant erect, up to
6 cm high, consisting of flattened erect axes arising
from a crustose base; erect axes branched, (1-)1.5-3
mm broad, tapering towards the base forming a
cylindric or slightly compressed stipe about 1 mm in
diameter and 1-10 mm in length; apical zone round-
ed, truncate or slightly emarginate, often curved;
branching usually dichotomous, particularly abun-
dant in the upper half of the plant, sometimes tri-
chotomous, irregular or proliferous; upper interdi-
chotomies short, showing occasionally a more or
less palmate branching. Outer cortical cells rounded
in surface view, 4-6 x 3-5 um. In cross section, axes
280-400 um thick, differentiated into medulla and
cortex; medullary cells more or less polygonal, elon-
gated, 20-108 x 12-68 um, decreasing in size
towards the cortical zone; cortex quite compact,
composed of dichotomously divided anticlinal fila-
ments (3-)4-7 cells long, the inner ones more or less
isodiametric, 6-11 x 6-10 um, and the outer elon-
gate, 5-12 x 3-5 um. In longitudinal section,
medullary cells elongated, 40-168 x 28-72 pm,
decreasing in size towards the cortex. Crustose basal
zone 300-400 pum thick, consisting of basal pericli-
nally arranged filaments given rise to closely joined,
simple or slightly dichotomously branched at base
erect filaments; cells of basal filaments elongated,
36-50 x 12-18 um; cells of erect filaments more or
less square, 6-12 x 8-12 um.

Reproduction: Cystocarps immersed, protruding
from the axes only for one side, without pore, 800-
1100 pm in external diameter, occurring in both
sides of axes; carposporangia in clusters, 8-12 x 6-
10 pum. Other reproductive structures not seen.

Habitat: Epilithic in the lower eulittoral and the
upper sublittoral zones, forming more or less exten-
sive turfs; also in tide pools.

Namibian distribution: Elizabeth Bay, Diaz
Point, Liideritz, Agate Beach, Swakopmund,
Toscanini, Terrace Bay, Rocky Point, Angra Fria
(Lawson et al., 1990); Mile 32, Mowe Bay, Cape
Frio (Map 38).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean: St.
Paul Island, South Africa, Mauritius, Sri Lanka
(Silva et al., 1996).

Remarks: Ahnfeltiopsis glomerata was described
by J. Agardh (1849), as Gymnogongrus glomeratus,
on the basis of material from the Cape of Good

Hope and recently Silva and DeCew (1992) trans-
ferred it to the genus Ahnfeltiopsis. At present, the
Atlantic distribution of this species is limited to the
South Africa and Namibian coasts.

Papenfuss (1943) study the type specimens of
both Gymnogongrus glomeratus and G. corymbosus
J. Agardh and he concludes that the two taxa are
conspecific, the latter only being a more divided
form of the former. This opinion has been followed
later by Seagrief (1984) and Silva et al. (1996) in
their catalogues of marine algae of South Africa and
the Indian Ocean respectively. On the contrary, in
Namibia, Wynne (1986) and Lawson et al. (1990)
treat G. glomeratus and G. corymbosus as two dif-
ferent species.

As a whole, our material is morphologically and
anatomically quite homogeneous. However, the spec-
imens from Cape Frio and Angra Fria show certain
differences that must be mentioned. In these speci-
mens the axes are slightly broader (up to 4 mm broad)
and considerably thicker (600-700 um thick opposite
to 280-400 um in the other specimens). Moreover,
these specimens often bear marginal and sometimes
also superficial proliferations. Lastly, lateral protuber-
ances often occur in the inner cortical cells of these
specimens in cross section. Despite these differences,
we have tentatively assigned this material to Ahnfel-
tiopsis glomerata, although we think that subsequent
studies could reveal that it represents a different enti-
ty. In this way, these specimens are perhaps compati-
ble with some of those recorded by Lawson et al.
(1990) as Gymnogongrus spp.

Ahnfeltiopsis vermicularis (C. Agardh) P. Silva
and DeCew (Figs. 84-85)

Fucus vermicularis Turner (1811-1819), p. 61, nom. illeg.
Sphaerococcus vermicularis C. Agardh (1817), p. xvii.
Gymnogongrus vermicularis (C. Agardh) J. Agardh (1851), p. 323.
Ahnfeltiopsis vermicularis (C. Agardh) P. Silva and DeCew
(1992), p. 578.

Selected specimens: Mile 30, 7-07-1989, BCF-A 11646, with car-
posporangia; Mile 32, 7-07-1989, BCF-A 11647; Cape Cross, 7-07-
1989, BCF-A 11653; Mile 108, 13-07-1989, BCF-A 11648, with
carposporangia; Terrace Bay, February 1986, BCF-A 11649; Mowe
Bay, 25-02-1986, BCF-A 11654, with carposporangia; Rocky Point,
24-02-1986, BCF-A 11650, with carposporangia; Cape Frio, 23-02-
1986, BCF-A 11651, with carposporangia; 29 km south of Kunene
river mouth, 22-02-1986, BCF-A 11652, with carposporangia.

References: Kiitzing (1867), Simons (1976), Anderson and Bolton
(1990), Stegenga et al. (1997).

Habit and vegetative structure: Plant consisting of
branched, terete or slightly compressed erect axes, up
to 20 cm high, attached to the substratum by means a
caespitose disc; axes (0.5-)1-2 mm in diameter, thin-
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FiG. 84. — Ahnfeltiopsis vermicularis. Rocky Point, 24-02-1986,
BCF-A 11650. Scale bar = 2 cm.

ner at base than in the middle part; branching usually
dichotomous, sometimes trichotomous, irregular or
proliferous from broken zones, more abundant in the
upper half of the plant than in the lower one. Outer
cortical cells rounded in surface view, 2-6 x 2-4 um.
In cross section, medullary cells rounded or elongat-
ed, thick-walled, 20-112 x 16-64 um; smaller cells,
10-28 x 8-24 pm, occurring often among central
medullary cells; cortex variable in thickness, com-
posed of anticlinal rows 2-7(-14) cells long, especial-

ly developed near the cystocarps; cortical cells pig-
mented, 3-9 x 2-5 um, the outer ones elongated and
the inner ovate or more or less isodiametric. In longi-
tudinal section, central medullary cells more or less
fusiform, 60-240 x 20-80 pum, smaller and rounded
towards the cortical zone.

Reproduction: Cystocarps immersed, protruding,
340-800 pm in diameter, without pore, usually
placed in clusters in the upper half of the plant,
deforming the axes; carposporangia in clusters, 8-19
x 8-15 um. Other reproductive structures not seen.

Habitat: Epilithic in the lower eulittoral zone,
often carrying Hypnea ecklonii and little mussels
that join the branches with each other; also in drift
material.

Namibian distribution: Halifax Bay, Liideritz,
Swakopmund, Toscanini, Terrace Bay, Mowe Bay,
Cape Frio, Kunene River (Lawson et al., 1990);
Mile 30, Mile 32, Cape Cross, Mile 108, Rocky
Point, South Kunene (Map 39).

World distribution: Atlantic Ocean: South Africa,
Namibia (Anderson and Bolton, 1990). Indian
Ocean: St. Paul Island, South Africa, Mauritius, Sri
Lanka (Silva et al., 1996).

Remarks: Ahnfeltiopsis vermicularis is similar to
A. polyclada (Kiitzing) P. Silva and DeCew, the lat-
ter described from the Cape of Good Hope by Kiitz-
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F1G. 85. — Ahnfeltiopsis vermicularis. A. Portion of the cross section of an axis. B. Detail of the cortical zone in cross section. C. Longitudinal
section of an axis. D. Detail of the cortical zone in longitudinal section. A and C. Scale bar = 200 pm. B and D. Scale bar = 50 um.
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ing (1849) and occurring, at present, on the Atlantic
coasts of Namibia and South Africa (Anderson and
Bolton, 1990) as well as in Tristan da Cunha (Baard-
seth, 1941) and St. Paul Island (Silva et al., 1996).
According to Anderson and Bolton (1990), the pres-
ence of short branchlets (0.5-1 cm long) unilaterally
arranged in the axes characterize this species. This
feature, on the other hand, distinguishs A. polyclada
from A. vermicularis.

Genus Gymnogongrus Martius (1833)
Key to species of Gymnogongrus:

1. Axes cylindric or slightly compressed, 1-2 mm in
QIAMELET ..veeneieeeiie e G. sp.
1. Axes flattened, 5-12 mm in breadth..G. dilatatus

Gymnogongrus dilatatus (Turner) J. Agardh
(Figs. 86-87)

Fucus dilatatus Turner (1811-1819), p. 57.
Sphaerococcus dilatatus (Turner) C. Agardh (1817), p. xv.
Gymnogongrus dilatatus (Turner) J. Agardh (1851), p. 326.
Actinococcus latior Schmitz (1893), p. 387.

Selected specimens: Langstrand, 6-07-1989, BCF-A 11661, with
tetrasporangia; 5 km south of Swakopmund, 6-07-1989, BCF-A
11662, with tetrasporangia; Mowe Bay, 25-02-1986, BCF-A 11663,
with tetrasporangia.

References: Simons (1969, 1976), Branch and Branch (1981),
Wynne (1986), Anderson and Bolton (1990), Stegenga et al.
(1997).

Habit and vegetative structure: Plant cartilagi-
nous, consisting of flattened erect axes 5-10 cm high
and 5-12 mm broad, decreasing in breadth towards

FiG. 86. — Gymnogongrus dilatatus. 5 km south of Swakopmund, 6-
07-1989, BCF-A 11662. Scale bar = 2 cm.
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FiG. 87. — Gymnogongrus dilatatus. A. Cross section of the blade.
B. Detail of the cortical zone in longitudinal section. A. Scale bar =
200 pum. B. Scale bar = 50 um.

the base forming a short stipe; attachment by means
a basal disc; axes dichotomously divided, sometimes
bearing more or less abundant marginal prolifera-
tions, especially from broken zones; blade surface
smooth; margin entire, often slightly thickened,
sometimes warty at base; apical zone spatulate or
slightly emarginate, occasionally curved; stipe
cylindrical, up to 5 mm long and 1 mm in diameter.
Outer cortical cells 4-8 x (2-)3-6(-8) um in surface
view. In cross section, blade 640-1000 um thick, dif-
ferentiated into cortex and medulla; cortex com-
posed of dichotomously branched anticlinal fila-
ments 5-6 cells long, the inner ones more or less iso-
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diametric, 6-11 x 6-10 um, and the outer elongated,
4-10 x 3-4 um; some lateral protuberances occurring
in the inner cortical cells, joining the filaments with
each other; medullary cells polygonal, elongated,
thick-walled, 36-220 x 20-140 pm, the inner ones
longer than the outer. In longitudinal section,
medullary cells 60-269 x 44-119 pm.

Reproduction: Tetrasporangia cruciate or decus-
sate, elliptic, 16-30 x 8-15 pum, formed in reddish
nemathecia; nemathecia more or less hemispherical,
up to 1 cm in diameter, sometimes confluent, occur-
ring in one or both sides of the blade; in cross sec-
tion, tetrasporangia placed in chain in the upper half
of filaments arranged anticlinally and ending in 1-2
sterile cells; cells of nemathecium filaments cylin-
dric, the inner ones bearing lateral protuberances.
Other reproductive structures not seen.

Habitat: Epilithic in the upper sublittoral zone,
between the specimens of Laminaria pallida; also
epilithic in the lower eulittoral zone.

Namibian distribution: Liideritz, Swakopmund,
Terrace Bay (Lawson et al., 1990); Langstrand,
Mowe Bay (Map 40).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa, Indonesia (Java?), India (Silva et al.,
1996).

Remarks:  Gymnogongrus  dilatatus  was
described by Turner (1811-1819), as Fucus dilata-
tus, on the basis of material from the Cape of Good
Hope. Weber van Bosse (1928) recorded this species
from Java (with a query) and later Silva et al. (1996)
included this citation in the catalogue of the benthic
marine algae of the Indian Ocean.

On the other hand, Price et al. (1986) and Law-
son et al. (1990) include former citations of
Actinococcus latior Schmitz from Liideritz and
Walvis Bay in their catalogues. Actinococcus latior
is the name with which the tetrasporophytic struc-
tures of Gymnogongrus dilatatus were formerly
known (Anderson and Bolton, 1990; Silva et al.,
1996).

Gymnogongrus sp.
(Figs. 88-89)

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11642, with tetrasporangia; Mile 108, 13-07-1989, BCF-A
11643, with tetrasporangia; Mowe Bay, 25-02-1986, BCF-A 11644,
with tetrasporangia; Cape Frio, 23-02-1986, BCF-A 11645, with
tetrasporangia.

Habit and vegetative structure: Plant up to 12 cm
high, consisting of cylindric or slightly compressed,
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FiG. 88. — Gymnogongrus sp. 5 km south of Swakopmund, 6-07-
1989, BCF-A 11642. Scale bar = 2 cm.

-

F1G. 89. — Gymnogongrus sp. A. Portion of the cross section of an
axis. B. Detail of the cortical zone in cross section. A. Scale bar =
200 pm. B. Scale bar = 50 um.

branched erect axes 1-2 mm in diameter, attached to
the substratum by means a caespitose basal disc;
branching usually dichotomous, sometimes irregu-
lar, more or less lateral or proliferous from broken
zones, more abundant in the upper than the lower
half of the plant; axes often flattened at dichotomies;



last order branches with obtuse apex and usually
slightly canaliculate. Outer cortical cells rounded in
surface view, (2-) 4-6 x 3-4(-6) um, forming a com-
pact and homogeneous layer. In cross section,
medullary cells polygonal, elliptic or more or less
isodiametric, thick-walled, 36-104 x 30-88 um; cor-
tex composed of ill-defined, dichotomously
branched, anticlinal filaments 3-6 cells long; outer
cortical cells elongated, 4-14 x 2-5 pm; inner corti-
cal cells isodiametric, 6-10 x 4-8 pm, a few bearing
lateral protuberances. In longitudinal section, inner
medullary cells elongated, 103-232 x 47-96 pm.

Reproduction: Tetrasporangia cruciate or decus-
sate, elliptic, (13-)20-30 x (7-)10-12 pum, occurring
in nemathecia; in cross section, tetrasporangia
placed in series in the upper half of filaments anti-
clinally arranged and often ending in 1-2 sterile
cells. Other reproductive structures not seen.

Habitat. Epilithic in the lower eulittoral zone,
together with Ahnfeltiopsis glomerata.

Namibian distribution: Swakopmund, Mile 108,
Mowe Bay, Cape Frio (Map 41).

Remarks: Our specimens agree quite well with
the illustrations and morphological remarks con-
cerning Ahnfeltiopsis complicata (Kiitzing) P. Silva
and DeCew (previously known as Gymnogongrus
complicatus (Kiitzing) Papenfuss) found in the liter-
ature consulted. However, in agreement with the
Namibian specimens assigned to this species by
Wynne (1986), as well as with some of the South
African ones studied by Stegenga et al. (1997), our
specimens have nematecia with tetrasporangia,
instead of cystocarps as was to be expected.

Among the nematecia producing species, only
Gymnogongrus dilatatus (Turner) J. Agardh and G.
tetrasporiferus Papenfuss ined. have been recorded
from the African coasts of the southern hemisphere.
The former consists of flattened axes 6-10 cm broad,
in which it differs from our specimens. G.
tetrasporiferus is an unpublished taxon from which
Anderson and Bolton (1990) present both some
morphological data and a photograph of the
tetrasporangia. According to these authors, G.
tetrasporiferus consists of dichotomously divided
axes, 40-60 mm high and less than 1 mm thick, and
has tetrasporangia 18-23 pm long. Our specimens,
which basically show the same branching pattern,
differ from G. tetrasporiferus in being more robust
(with axes 1-2 mm in diameter) and in having slight-
ly longer tetrasporangia (up to 30 um in length).

Although our material is morphologically very
similar to Ahnfeltiopsis complicata, we have pre-

ferred to assign it to the genus Gymnogongrus
since, as we have already commented (page. 83),
we hold that the presence of either cystocarps or
nematecia is a taxonomically important feature. In
the genus Gymnogongrus, Schotter (1968) points
out the existence of morphologically similar pairs
of species in which a species of the pair has internal
cystocarops (now included in the genus Ahnfeltiop-
sis) and the other has nematecia. On the basis of
these similarities, Masuda et al. (1996) hold the
possibility that the species of Gymnogongrus had
been derived from those of Ahnfeltiopsis several
times during the evolution. In this way, it is possi-
ble that our specimens, as well as those of Wynne
(1986) and some of those studied by Stegenga et al.
(1997), had evolved from Ahnfeltiopsis complicata
and now represent a new taxon. However, we think
that a thorough comparative study of all this mater-
ial, including the life history, is required in order to
confirm this possibility.

Family SCHIZYMENIACEAE (Schmitz and
Hauptfleisch) Masuda and Guiry (1995)
Genus Schizymenia J. Agardh (1851) nom. cons.

Schizymenia apoda (J. Agardh) J. Agardh
(Figs. 90-92)

Platymenia apoda J. Agardh (1848), p. 47.

Schizymenia apoda (J. Agardh) J. Agardh (1851), p. 175.
Platymenia undulata J. Agardh var. obovata J. Agardh (1848), p. 47.
Schizymenia obovata (J. Agardh) J. Agardh (1851), p. 175.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11592, with carposporangia.

References: Kylin (1932), Baardseth (1941), Simons (1976),
Wynne (1986), Stegenga et al. (1997).

Habit and vegetative structure: Plant foliose,
consisting of an orbicular, irregularly sinuous blade,
5 cm high and 6.5 cm broad, shortly stipitate,
attached to the substratum by a basal disc; blade sur-
face finely granulate and somewhat perforate. Outer
cortical cells elongated or isodiametric in surface
view, (3-)4-5 um in greater diameter; dark gland
cells occurring in the cortex; gland cells isodiamet-
ric in surface view, 12-14 um in diameter, scattered
among the cortical cells. In cross section, blade cor-
rugated, 500-580 pm thick, differentiated into
medulla and cortex; medulla 260-320 pm thick,
composed of irregularly arranged, generally
unbranched filaments 8-12 um in diameter (the
lumen 2-4 pm); cortex 80-100 um thick, composed
of dichotomously branched, anticlinal filaments 8-
10 cells long; inner cortical cells elongated, 12-20
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FiG. 90. Schizymenia apoda. 5 km south of Swakopmund, 6-07-
1989, BCF-A 11592. Scale bar = 2 cm.

FiG. 91. Schizymenia apoda. Detail of the cortical zone of the blade
with two gland cells, in cross section. Scale bar = 30 um.

(-30) x 7-10 um, a few with short protuberances;
middle and outer cortical cells 5-10 x 2-10 um, the
former more or less isodiametric and the second
elongated and thinner; gland cells very variable in
size, elliptic or more or less clavate, 28-80 x 12-16
um, placed among the cortical filaments, from
which they arise.

Reproduction: Gonimoblasts two-lobed, globose,
79-134 um in diameter, immersed in the outer
medulla, below the cortex, and opening to the exte-
rior through a pore 32-55 um in diameter; carpospo-
rangia 16-38 x 16-30 um. Other reproductive struc-
tures not seen.

Habitat: In the upper sublittoral zone.

Namibian distribution: Lideritz, Swakopmund
(Lawson et al., 1990) (Map 42).

World distribution: Atlantic Ocean: Tristan da
Cunha, South Africa (Stegenga et al., 1997);
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Namibia (Lawson et al., 1990). Indian Ocean: St.
Paul Island, Somalia (Silva et al., 1996).

Remarks: Schizymenia apoda (usually cited as S.
obovata (J. Agardh) J. Agardh) was described by J.
Agardh (1848), as Platymenia apoda, on the basis of
material from Table Bay (South Africa). This is the
only species of the genus occurring in the African
coasts of southern hemisphere.

Our material agrees quite well with the description
by Stegenga et al. (1997) of Schizymenia obovata.
Likewise, the inner structure of our specimen is com-
patible with Wynne’s (1986) illustrations of this
species, albeit the lack of gland cells in the latter.

Baardseth (1941) remarks that the Tristan da
Cunha plants agree well with the South African
material of Schizymenia obovata, although in the
former no glandular cells can be found. According
to this author, the presence of this sort of cells in
Schizymenia obovata is not constant, and under cer-
tain conditions they may even be absent. Likewise,
gland cells may be absent in most specimens of S.
dubyi (Chauvin ex Duby) J. Agardh from the British
Isles (Dixon and Irvine, 1977), whereas in the Aus-
tralian material of this species they occur in a vari-
able frequency (Womersley and Kraft, 1994).

On the other hand, our specimens also agree
quite well with the descriptions of both Dixon and
Irvine (1977) and Womersley and Kraft (1994) of
Schizymenia dubyi, with the exception of the blade
shape. However, because of geographical reasons,

FIG. 92. Schizymenia apoda. Cross section of the blade. Scale bar =
160 um.



FiG. 93. — Haematocelis epiphytica. A. Apical cells of erect filaments and two tetrasporangia, in surface view. B. Structure of the plant, in
cross section. C. Upper part of erect filaments with three tetrasporangia, in cross section. Scale bar = 30 pm.

we have preferred to assign it to Schizymenia apoda,
waiting new studies which clarify the taxonomy of
these species.

Schizymenia dubyi, the type species of the
genus, shows an heteromorphic life history in
which a crustose tetrasporophyte, formerly known
as Haematocelis rubens J. Agardh, alternates with
a laminar gametophyte (Sciuto ef al., 1979; Ardré,
1980). Moreover, Ardré (1980) remarked that S.
pacifica (Kylin) Kylin and S. obovata (species with
unknown tetrasporophytes) probably are the game-
tophytes of some of the Haematocelis species with
which they coexist. In this way, DeCew et al.
(1992) relate H. rubens from the Pacific coast of
Mexico with S. pacifica, pointing out that both
gametophytes and tetrasporophytes from the Pacif-
ic coast are anatomically very similar to the
Atlantic gametophytes (S. dubyi) and tetrasporo-
phytes (H. rubens). For this reason, DeCew et al.
(1992) suggested the possibility that S. dubyi and
S. pacifica can be conspecific.

Among our material there are some crustose
plants (Mowe Bay, 5-02-1988, BCF-A 11992, with
tetrasporangia; Rocky Point, 24-02-1986, BCF-A
11993) which agree quite well with Baardseth’s
(1941) description of Haematocelis epiphytica and
that could correspond to the Schizymenia apoda
tetrasporophyte. These crustose plants growth on

both bivalve mollusca shells and Balanus sp. and
show the following features:

Plant crustose, forming patches up to approxi-
mately 3 cm? in surface that adjust to the substratum
morphology of which they can be easily separated,;
crust surface more or less corrugated, sometimes with
any wart-shaped proliferation; rhizoids absent. Cells
elliptic, ovate or isodiametric in surface view, 4-12
um in greater diameter. In cross section, crust of com-
pact structure, 240-500 um thick, differentiated into a
multistratose basal layer of horizontally arranged fil-
aments and a upper zone of densely packed erect fil-
aments in which can be distinguished several hori-
zontal bands; basal filaments branched, 8-10(-12) um
in diameter, with cells elongate, sinuous in outline,
37-74 x 8-10 pm, thick-walled and often with some
refringent inclusion of great size; erect filaments aris-
ing from the basal ones, curved at base, branched;
cells of erect filaments cylindrical, 4-30 x 3-10 um,
rich in storage substances; occasionally (in substrate
depressions) the basal filaments give rise to descend-
ing filaments that form a structure similar to those
formed by the erect filaments. Tetrasporangia cylin-
drical or more or less clavate, 40-72 x 14-20 um,
zonately divided, terminal in erect filaments, forming
an horizontal band together paraphyses-like filaments
in the outermost part of the crust, but occasionally in
a lower level (Fig. 93).
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Haematocelis epiphytica was described by
Baardseth (1941) on the basis of material from Tris-
tan da Cunha epiphytic on Laminaria sp. stipes.
Until now, this species only was known from those
Atlantic islands, where it coexists with Schizymenia
apoda. Baardseth’s (1941) specimens show two dis-
tinct, inner, horizontal layers of tetrasporangia
instead of nemathecia, a fact which made the author
doubt and assigns the species to the genus Haema-
tocelis with a query. Some years later, Denizot
(1968) pointed out that Baardseth’s specimens actu-
ally belong to the genus Haematocelis, but that they
do not have any significant difference with the type
species H. rubens, and therefore must be treated as a
synonym. Moreover, according to Denizot (1968) H.
rubens is the only valid species of the genus. If cor-
rect, and since H. rubens is the tetrasporophytic sta-
dium of Schizymenia dubyi, this species and S.
apoda also were conspecific.

Our material is consistent with the description
by Baardseth (1941) of Haematocelis epiphytica,
except for the arrangement of the tetrasporangia,
which in our specimens form an outer horizontal
layer (sometimes, however, any tetrasporangium
can be found in an inner position). According to
Baardseth (1941), it is probable that the tetraspo-
rangia form superficial nemathecia, but that they
became overgrown by underlying tissue before
they had been liberated. Denizot (1968) also point-
ed out the existence of inner layers of tetrasporan-
gia in H. rubens and, as we have already comment-
ed, stated that no significant differences exist
between these species. In this way, our material
also is compatible with the description by Denizot
(1968) of H. rubens.

Stegenga et al. (1997) described an unidentified
species of Haematocelis from the Atlantic coasts of
South Africa and Namibia, pointing out that it is
exceedingly rich in gland cells and that it should be
compared with H. epiphytica. Unlike the species of
Stegenga et al. (1997), our specimens do not have
rhizoids although, occasionally, some downward fil-
aments similar to the erect ones can arise from the
basal filaments. Moreover, our specimens have larg-
er and regularly zonate tetrasporangia.

Finally, we believe that the Schizymenia apoda
life history should be studied to know its relation to
H. epiphytica. Likewise, a taxonomical research on
the genus Schizymenia should be carried out, since
S. apoda and S. dubyi are morphologically similar
and could be conspecific, as occurs with the latter
and S. pacifica (DeCew et al., 1992).
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Order PLocaMIALES Saunders and Kraft (1994)
Family PLoCAMIACEAE Kiitzing (1843)
Genus Plocamium Lamouroux (1813) nom cons.

Key to species of Plocamium:

1. Plant with alternating secund groups of 2 laterals
ALONZ AXES ..eeevvvreriiieriieeeiieeieeeieeeireeereesreeeaee e 2
1. Plant with alternating secund groups of more than
2 laterals, at least in the upper part of axes ....... 4

[\

. AXES LETELE .ovveeeireeeeiieeeeiieee e P. cornutum*
2. Axes compressed........cceerueerveenieenieenieeeieeenens 3

3. Axes less than 3 mm in breadth; simple
branchlets with entire or only slightly denticulate
OULET MATZIN ..eenveeneeeiieiieiienieenieenieenieans P. suhrii*

3. Axes more than 5 mm in breadth; simple
branchlets with a clearly dentate outer margin....
.................................................... P. corallorhiza*

4. Axes 2-3 mm in breadth.............. P. maxillosum™
. Axes less than 2 mm in breadth......................... 5

o

5. Plant with alternating secund groups of 3-5
laterals along axes .......ccceevvveeriieeniieenieeeiee e 6

5. Plant with alternating secund groups of 2 laterals
in the lower part of axes and alternating secund
groups of 3 laterals in the upper part ..P. rigidum

6. Lower lateral of each alternating secund group

branched........cccocveeevverciieeiiieeiiene, P. glomeratum
6. Lower lateral of each alternating secund group
SIMPIE..coerieiieeiie e P. cartilagineum*

* P. cornutum, P. suhrii, P. corallorhiza, P. max-
illosum and P. cartilagineum were not observed.
More information about P. cartilagineum can be
found in Dixon and Irvine (1977), Lawson and John
(1987), Womersley (1994) and Coppejans (1995);
concerning the remaining taxa see Simons (1964)
and Stegenga et al. (1997).

Plocamium glomeratum J. Agardh
(Fig. 94)

Plocamium glomeratum J. Agardh (1851), p. 397.
Plocamium subfastigiatum Kiitzing (1866), p. 18.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-A
11821, with tetrasporangia; Mile 30, 7-07-1989, BCF-A 11693, with
tetrasporangia; Mowe Bay, Suider Kust, 6-02-1988, BCF-A 11820;
Rocky Point, 24-02-1986, BCF-A 11694, with tetrasporangia; 29 km
south of Kunene river mouth, 22-02-1986, BCF-A 11695.

References: Kylin (1938), Simons (1964), Stegenga et al. (1997).



F1G. 94. — Plocamium glomeratum. A. Cross section of an axis. B. Longitudinal section of an axis. C. Upper part of the plant. A-B. Scale bar
=100 pym. C. Scale bar = 2 mm.

Habit and vegetative structure: Plant 3-7 cm
high, consisting of branched, compressed erect axes,
0.5-1 mm broad, bearing alternating secund groups
of 3-5 laterals, especially in the upper part; lower
part of axes often devoid of laterals, but showing
their scars; branching irregular or more or less
dichotomous; laterals of each alternating secund
group, including the lowest, bearing one-sided small
branchlets adaxially arranged. Attachment by means
of small discs. Cortical cells polygonal in surface
view, 6-16 x 5-14 pm; dark cells 10-20 x 8-14 pm
often scattered along axes, among the cortical cells;
subcortical cells 12-32 x 10-22 pm. Plastids numer-
ous. In cross section, axes 280-400 um thick, differ-
entiated into cortex and medulla; cortex composed
of a single layer of pigmented, anticlinally elongat-
ed cells 8-28 x 6-18 um; medulla composed of an
elliptic axial cell 72-152 x 40-92 pm surrounded of
several elliptic cells 36-160 x 28-120 um; subcorti-
cal cells elliptic or more or less isodiametric, 16-60
x 12-44 ym. In longitudinal section, axial filament
clearly visible, flanked by a layer of relatively big,
more or less elliptic cells 87-159 x 47-79 um; axial
cells rectangular, 198-411(-537) x 55-95(-119) ym.

Reproduction: Tetrasporangia zonate, ellipsoid
or more or less cylindrical, 56-100 x 32-72 um,
placed in two rows in the upper part of fertile

branchlets occurring adaxially in the laterals; fertile
branchlets cylindrical, up to 1600 pm long and 120-
140 um in diameter, fairly branched and more or less
entangled; tetraspores often several times divided
inside the tetrasporangia. Other reproductive struc-
tures not seen.

Habitat: In the lower eulittoral zone; in tide
pools, between the specimens of Ahnfeltiopsis glom-
erata; also in drift material, epiphyte on Ahnfeltiop-
sis vermicularis.

Namibian distribution: Swakopmund (Lawson et
al., 1990); Mile 30, Méwe Bay, Rocky Point, South
Kunene (Map 43).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa, Mozambique, Madagascar (Silva et
al., 1996).

Remarks: Plocamium glomeratum was described
by J. Agardh (1851) on the basis of material from
the Cape of Good Hope. At present, its distribution
is limited to the coasts of southern Africa and
Madagascar. In Namibia, until now, this species had
been only recorded from Swakopmund (Lawson et
al., 1990).

P. glomeratum 1is similar to P. cartilagineum
(Linnaeus) Dixon. This is a species widespread in
temperate seas (Womersley, 1994) that also has been
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recorded from Namibia (as P. vulgare Lamouroux)
by Lawson et al. (1990). P. glomeratum differs from
P. cartilagineum mainly in the fertile branchlets
morphology and in having the lower branchlet of
each group of limited growth branches ramified. On
the other hand, Baardseth (1941) described P. fus-
corubrum from Tristan da Cunha and remarked that
this species is similar to P. glomeratum, from which
it differs in being essentially taller and in having
broader and coarser fertile branchlets.

Plocamium rigidum Bory de Saint-Vincent
(Figs. 95-96)

Plocamium rigidum Bory de Saint-Vincent (1834), p. 164.
Plocamium latiusculum Kiitzing (1866), p. 17.
Plocamium condensatum Kiitzing (1866), p. 17.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12120, with tetrasporangia; Swakopmund, beach, 8-07-1989,
BCF-A 11697, with carposporangia; Mile 30, 7-07-1989, BCF-A
11698, with tetrasporangia and carposporangia; Mowe Bay, 5-02-
1988, BCF-A 11825, with tetrasporangia and carposporangia;
Mowe Bay, Cala Poste, 7-02-1988, BCF-A 11823, with tetraspo-
rangia and carposporangia; Mowe Bay, Suider Kust, 6-02-1988,
BCF-A 11822, with tetrasporangia; Rocky Point, 24-02-1986, BCF-
A 11699, with tetrasporangia.

References: Kylin (1938), Simons (1964, 1969, 1976), Branch and
Branch (1981), Stegenga et al. (1997).

Habit and vegetative structure: Plantup to 11 cm
high, consisting of branched, compressed erect axes
1-1.5(-2) mm broad, usually bearing alternating
secund groups of 2 laterals in the lower part and
alternating secund groups of 3 laterals in the upper
part; occasionally, distribution of groups of laterals
not so clear, with groups of 2 laterals along whole of
the plant alternating with some group of 3 laterals in
the upper part of axes; lower lateral of each alternat-
ing secund group simple and subulate, the remaining
bearing one-sided small branchlets adaxially
arranged; lower part of axes often devoid of branch-
es but showing their scars; sometimes branching
proliferous. Attachment by means of small discs
developed in irregularly branched prostrate axes
thinner than the erect ones. Cortical cells more or
less isodiametric, elliptic or triangular in surface
view, the outer loosely arranged, 5-15 x 4-10 um,
and the inner bigger and more compactly arranged,
8-24 x 6-20 pm. Plastids numerous. In cross section,
axes 360-760 um thick, differentiated into cortex
and medulla; cortical cells pigmented, elongated or
more or less isodiametric, 8-34(-46) x 4-16 um, not
horizontally aligned; medulla composed of an ellip-
tic axial cell (64-)132-216 x 64-100 pm surrounded
of several polygonal, elongate or more or less isodi-
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F1G. 95. — Plocamium rigidum. 5 km south of Swakopmund, 6-07-
1989, BCF-A 12120. Scale bar = 2 cm.

ametric cells (52-)88-192 x 48-140 upm, the outer
smaller than the inner; axial cell sometimes difficult
to distinguish; subcortical cells 16-60(-92) x 14-44
(-92) ym. In longitudinal section, axial filament
more or less visible, composed of elongate cells
261-521 x 55-95 pm; medullary cells polygonal,
those close to axial filament elongated and the
remainder smaller and more or less isodiametric.

Reproduction: Tetrasporangia zonate, more or
less cylindrical, 48-92 x 30-68 um, placed in two
rows in short fertile branchlets adaxially arranged in
last order branches; fertile branchlets cylindric or
compressed, one or two times divided. Cystocarps
globose, 700-1400 pum in external diameter, laterally
arranged in both main axes and branches; carpospo-
rangia ovate, pear-shaped, clavate or more or less
isodiametric, 32-68(-92) x 24-44(-64) um, placed in
branched chains; occasionally, carpospores several
times divided inside the cystocarp. Spermatangia not
seen.

Habitat: In the upper sublittoral zone, often epi-
phyte on Rhodymenia obtusa or growing on Lami-
naria pallida haptera. On vertical walls of tide
pools, epiphyte on Ahnfeltiopsis glomerata. Also
occurring in drift material.

Namibian distribution: Liideritz, Swakopmund,
Torra Bay, Terrace Bay, Mowe Bay, Rocky Point
(Lawson et al., 1990); Mile 30 (Map 44).
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FiG. 96. — Plocamium rigidum. A. Cross section of an axis. B. Longitudinal section of an axis. C. Cortical cells in surface view. D. Branch-
let with tetrasporangia. E. Longitudinal section of a branchlet with tetrasporangia. A, B, D. Scale bar = 200 um. C. Scale bar = 50 um. E.
Scale bar = 100 pm.

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
Amsterdam Island, South Africa (Silva et al., 1996).

Remarks: Plocamium rigidum was described by
Bory de Saint-Vincent (1834) on the basis of mater-
ial from the Cape of Good Hope and, at present, its
distribution is limited to the coasts of Namibia and
South Africa, as well as to the Amsterdam Island.

Our specimens are compatible with the descrip-
tions of both Simons (1964) and Stegenga et al.
(1997) of this species, as well as with the illustra-
tions showed in the literature consulted. Simons
(1964) remarked that P. rigidum is a very variable
species and that its limits are difficult to establish.
This author also stated that P. rigidum is similar to P.
cornutum (Turner) Harvey, the latter occurring on
the southwestern coasts of the Indian Ocean (Silva
et al., 1996) and on the Atlantic coasts of South
Africa and Namibia (Stegenga et al., 1997). Accord-
ing to Simons (1964), in P. cornutum the alternating
groups of laterals consist mostly of two, whereas
they consist of three in the upper part of the axes in
P. rigidum. Moreover, Stegenga et al. (1997) point-
ed out that in P. cornutum the axes are cylindrical
and not complanate, whereas they are compressed
and largely complanate in P. rigidum. Among our
material, there are specimens in which secund
groups of two laterals alternate along the whole of

the plant, with some scattered groups of three later-
als in the upper part. However, as they consist of
compressed axes and its habit is more similar to that
of P. rigidum than that of P. cornutum, we have pre-
ferred to assign them to the former species.

On the other hand, and according to the literature
consulted, P. rigidum does not seem very different
from P. telfairiae (W. Hooker and Harvey) Harvey
ex Kiitzing, the latter being widespread in many
warm temperate and tropical seas (Lawson and
John, 1987). The main difference between both
species lies in the branching pattern. Like this,
whereas in P. telfairiae groups of two laterals alter-
nate along the whole of the plant, in the upper part
of axes of P. rigidum the alternation is in groups of
three laterals. In this way, those of our specimens in
which the branchlets alternate basically in groups of
two could belong to P. felfairiae. However, as this
species has not been previously cited from Namibia,
and as we hold that a more thorough study of the
species of this genus in this geographical area
should be carried out, we prefer to assign these spec-
imens tentatively to P. rigidum.

Order RHODYMENIALES Schmitz in Engler (1892)
Family CHAMPIACEAE Kiitzing (1843)
Genus Gastroclonium Kiitzing (1843) nom. cons.
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Gastroclonium reflexum (Chauvin) Kiitzing
(Figs. 97-98)

Lomentaria reflexa Chauvin (1831), fasc. 6, no. 143.
Gastroclonium reflexum (Chauvin) Kiitzing (1849), p. 866.

Lectotype: CN (Herb. Lenormand). France.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-
A 9610, with polysporangia; Swakopmund, beach, 8-07-1989,
BCF-A 9607, with polysporangia and spermatangia; Mile 32, 7-07-
1989, BCF-A 9612, with polysporangia; Moéwe Bay, Suider Kust,
6-02-1988, BCF-A 12006, with polysporangia and carposporangia;
Rocky Point, 24-02-1986, BCF-A 9609, with carposporangia and
spermatangia; Angra Fria, 20-02-1986, BCF-A 9611, with polyspo-
rangia; 29 km south of Kunene river mouth, 22-02-1986, BCF-A
9606, with carposporangia.

References: Ercegovic (1956), Ardré (1970), Irvine and Guiry (1983).

Habit and vegetative structure: Plant up to 3.5
cm high, consisting of generally reflexed tubular
branches arising from a solid stipe attached to the
substratum by a disc or a more or less rhizoidal
holdfast. Stipe simple or usually branched, terete,
(0-)2-10(-22) mm long and 340-840 um in diameter.
Tubular branches terete, 540-1420 um in diameter,
simple or branched, constricted at regular intervals,
arcuate, sometimes coalescent, often tapering
towards the apex, and ending in secondary attach-
ment pads that occasionally given rise to new stipes;
tubular branches consisting of (3-)4-7(-15) more or
less barrel-shaped segments, 0.7-4.6 times longer
than broad; plant irregularly branched, with branch-

FiG. 97. — Gastroclonium reflexum. A. Mile 32, 7-07-1989, BCF-A
9612. B. Swakopmund, beach, 8-07-1989, BCF-A 9607. Scale bar
=1cm.
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FiG. 98. — Gastroclonium reflexum. A-C. Outer cortical cells of a

tubular branch, in surface view. A. Basal zone. B. Median zone. C.

Upper zone. D. Cross section of the stipe. E. Portion of the cross

section of a tubular branch. F. Longitudinal section of a tubular

branch through a septum. G. Portion of the longitudinal section of a

tubular branch. H. Portion of a longitudinal section of a tubular
branch with spermatangia. Scale bar = 50 pm.

es dichotomously divided or placed in groups, oppo-
site or more or less verticillate, often isolate or
paired on convex side of reflexed axes. Outer corti-
cal cells polygonal in surface view, those of the stipe
16-44(-52) x (10-)12-28(-32) um and those of the
tubular branches (8-)12-56(-60) x (5-)8-28(-36) pum.
In cross section, stipe medullary cells polygonal,
elongate or more or less isodiametric, 28-116 x 24-
92 um, and the cortical ones, 14-44 x (10-)12-40
um; cortical zone of tubular branches (2-)3 layered,
the outer layer generally continuous, with cells elon-
gated, (16-)18-48(-52) x (8-)12-36 um, anticlinally
arranged; inner cortical cells elliptic or subspherical,
28-72(-86) x (22-)24-72 um. In longitudinal section,
tubular branches with monostromatic septa at the
constrictions; medullary filaments (10-)16-20(-32)
um in diameter, longitudinally arranged along the
inner walls of the tubular branches, bearing gland
cells 20-30 um in diameter.



Reproduction: Polysporangia with 8-16 spores,
spherical or ellipsoidal, (64-)80-158 x 60-126(-134)
um, immersed in the cortex of tubular branches.
Plant dioecious. Cystocarps spherical, 540-660 pm
in diameter, without ostiole; carposporangia trapez-
iform or more or less cuneiformis, 96-132 x 52-96
um. Spermatangia elongate, arranged in superficial
sori on the tubular branches.

Habitat: Epilithic or epiphytic on several algae in
the lower eulittoral zone and in tide pools; also in
drift material.

Namibian distribution: Swakopmund, Mile 32,
Mowe Bay, Rocky Point, Angra Fria, South Kunene
(Map 45).

World distribution: Atlantic Ocean: Namibia;
Canary Islands (Pinedo et al., 1992); Morocco?
(Dangeard, 1949); north-western of Iberian Peninsu-
la (Barbara, 1993); Portugal, France, Ireland, Eng-
land, Norway? (South and Tittley, 1986). Mediter-
ranean Sea (Giaccone et al., 1985; Boudouresque
and  Perret-Boudouresque, 1987;  Perret-
Boudouresque and Seridi, 1989; Ballesteros, 1990).
Adriatic Sea (Giaccone, 1978). Black Sea (Kalugi-
na-Gutnik, 1975).

Remarks: Gastroclonium reflexum occurs basically
along the eastern Atlantic coasts of the northern hemi-
sphere and in the Mediterranean Sea. Anderson and
Stegenga (1989) cited this species from the southern
hemisphere (Indian coast of South Africa) for the first
time. These authors remarked that the species is fre-
quent in the studied area and that it had been possibly
mistaken formerly for Chylocladia capensis Harvey.
According to Anderson and Stegenga (1989), G.
reflexum differs from C. capensis by its curved and
secondarily attached axes, its smaller size, and the
presence of polysporangia rather than tetrasporangia.
These authors do not mention the existence of a solid
stipe, a feature which defines the genus Gastroclonium
(Kiitzing, 1843). Subsequently, Stegenga et al. (1997)
cancel out the citation of Anderson and Stegenga
(1989), pointing out that in the eastern Cape the habit
of C. capensis is similar to that of G. reflexum (the
species is shorter and caespitose, with branches usual-
ly recurved) and that in the west coast C. capensis also
forms polysporangia.

G. reflexum had not been previously recorded
from Namibia. However, according to our own data,
it is a quite frequent species on the coasts north of
Walvis Bay. It is possible that this species had been
previously mistaken for either C. capensis or the
material assigned to Chylocladia sp. by Lawson et
al. (1990), the former recorded from Liideritz and

Swakopmund (Lawson et al., 1990) but not found
among our material.

Gastroclonium reflexum is morphologically and
anatomically very similar to both G. cylindricum
Santelices, Abbott and Ramirez and G. trichodes
(Pujals) Santelices, Abbott and Ramirez. G. cylin-
dricum occurs on the Pacific coasts of South Amer-
ica and it differs from G. reflexum by the habit, the
branching type, the inner morphology and by the
exclusive presence of polysporangia (Santelices et
al., 1989). According to Irvine and Guiry (1983),
who typify G. reflexum, the cortex of the tubular
branches in this species consists of two cell layers,
the outer often incomplete. However, we had the
opportunity to study some of Chauvin’s specimens
of this species (included the isotype BM 5029) and
we have observed, in contrast, that the cortex of the
tubular branches of these specimens consists of 2-3
cell layers and that the outer layer is continuous. On
the other hand, we also had the opportunity to study
the holotype of G. cylindricum (SGO 106271, march
1986, La Pampilla, Coquimbo; Chile) which showed
us that its inner structure is very similar to that of
Chauvin’s specimens studied and that, contrary to
the opinion of Santelices et al. (1989), both taxa are
morphologically very similar and produce the same
sort of reproductive structures. Concerning G. tri-
chodes, a species described by Pujals (1967) as
Coeloseira trichodes and occurring only on the
coasts of Argentina, the study of the type material
(BA 8685, 30-11-1951, General Alvarado, Miramar,
Buenos Aires) showed that this species does not dif-
fer significantly from G. reflexum.

Finally, G. reflexum also shows a certain similar-
ity with G. pacificum (Dawson) Chang and Xia.
This is a Pacific species occurring in Mexico, Peru
and Japan, and that it can develop both erect and
reflex forms. In this way, G. reflexum is morpholog-
ically and anatomically very similar to the reflexed
specimens of G. pacificum.

Family RHODYMENIACEAE Harvey (1849)
Genus Rhodymenia Greville (1830) nom. cons.

Key to species of Rhodymenia:
1. Plant with blades of more than 1 cm in breadth..
............................................................... R. obtusa

1. Plant with blades of less than 1 cm in breadth ..2

2. Plant stoloniferous..........cccccuvuueen... R. natalensis
2. Plant not stoloniferous ..........ccccccvvvveeeveeeeeeeennn... 3
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3. Blade regularly dichotomous divided, fan-shaped
............................................... R. pseudopalmata*

3. Blade irregularly dichotomous divided, not
fan-shaped.......cccooeeiiiiiiiiiiie, R. capensis

* In addition to the species referred to in this key,
R. linearis was also recorded from Namibia. This
New Zealand species, which is very similar to R.
capensis, has only been recorded in Namibia from
Swakopmund by Wynne (1986). This author mainly
used the arrangement of tetrasporangia to assign his
specimens to R. linearis instead of to R. capensis
(see remarks in R. capensis). R. pseudopalmata was
not observed. More information about this taxon can
be found in Irvine and Guiry (1983) and Stegenga et
al. (1997).

Rhodymenia capensis J. Agardh
(Figs. 99-100)

Rhodymenia capensis J. Agardh (1894), p. 58.
Epymenia capensis (J. Agardh) Papenfuss (1940a), p. 222.
Epymenia stenoloba Schmitz ex Mazza (1907), p. 191.

Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 12121, with tetrasporangia; Swakopmund, beach, 8-07-1989,
BCF-A 12008, with spermatangia; Mile 30, 7-07-1989, BCF-A
12009, with tetrasporangia, carposporangia and spermatangia.

References: Kylin (1931), Papenfuss (1940a), Stegenga et al. (1997).

Habit and vegetative structure: Plant up to 16
(-24) cm high, consisting of several divided, stipitate
erect blades, (1-)2-5(-6) mm broad, arising from a
caespitose discoidal base. Blades usually up to six
times dichotomously or pseudodichotomously divid-
ed; occasionally branching unilateral, alternate or
more or less palmate, often proliferous; apical zone
spathulate or slightly emarginate, sometimes ending
in a more or less long linear prolongation. Stipe
terete, up to 3 cm long and 0.5-1 mm in diameter,
usually branched, progressively enlarged upwards to
form the blade. Outer cortical cells elongated or
more or less isodiametric, 4-14 x 3-8(-11) um, loose-
ly arranged. In cross section, structure differentiated
into medulla and cortex; polygonal or rounded, ellip-
tic or more or less isodiametric, those of the stipe 18-
56 x 16-56 um, and those of the blade 28-76(-108) x
20-64 um; cortical cells elongated or isodiametric,
without order, those of the stipe 4-10 x 3-6 um, and
those of the blade 4-9 x 3-8 um; transitional zone
between cortex and medulla with rounded or elon-
gate cells 5-28 x 4-24 um. In longitudinal section,
blade 200-420 pm thick, with elliptic or more or less
fusiform medullary cells 64-244 x 32-72 pm and
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FI1G. 99. — Rhodymenia capensis. 5 km south of Swakopmund, 6-07-
1989, BCF-A 12121. Scale bar = 5 cm.

elongate or isodiametric cortical cells 4-12 x 3-8 um;
cells of the transitional zone between cortex and
medulla elongated, 10-68(-112) x 5-40 um.

Reproduction: Tetrasporangia cruciate or decus-
sate, elliptic, 24-46 x 14-20 um, occurring in sori in
the blade apices or in small blade proliferations; fer-
tile proliferations marginal or apical, blade-like,
more or less orbicular. Cystocarps globose or hemi-
spherical, 600-800(-1020) um in diameter, with osti-
ole, placed in small blade proliferations, in linear
prolongations of the blade apex or directly over the
blade; carposporangia 11-22 x 9-17 um. Spermatan-
gia elongated, placed in sori in small blade prolifer-
ations.

Habitat: In the upper sublittoral zone. Also in
drift material, growing on mussel shells and almost
completely covered by bryozoans.

Namibian distribution: Walvis Bay (Lawson et
al., 1990); Swakopmund, Mile 30 (Map 46).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia. Indian Ocean:
South Africa (Silva et al., 1996).

Remarks: Rhodymenia capensis was described
by J. Agardh (1894) on the basis of material from
the Cape of Good Hope. Later, Papenfuss (1940a)
examined J. Agardh’s material and observed that the
reproductive structures occur in proliferations aris-
ing from the blade surface. This feature defined the
genus Epymenia and differred it from Rhodymenia.
Therefore, Papenfuss (1940a) transferred the species
to the genus Epymenia designating as the type the
specimen No. 26950 of J. Agardh’s Herbarium,
which appear photographed in Kylin (1931). Spar-
ling (1957) stated that in this species, as well as in
Epymenia obtusa, cystocarps can also occur on the
blade. This author remarked that E. capensis can
represent a transitory stadium between Epymenia
and Rhodymenia. More recently, Womersley (1996)
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F1G. 100. — Rhodymenia capensis. A. Outer cortical cells in surface
view. B. Portion of a cross section of the stipe. C. Detail of the stipe
cortical zone, in cross section. D. Cross section of the blade. E.
Detail of the blade cortical zone, in cross section. F. Longitudinal
section of the blade. G. Portion of a cross section of a fertile prolif-
eration with spermatangia. Scale bar = 50 pm.

pointed out that the arrangement of the reproductive
structures in proliferations is not a good character to
distinguish both genera since, as Sparling (1957)
had already stated, there are species in which the
reproductive structures may be formed either on the
blade itself or in proliferations. For this reason,
Womersley (1996) included Epymenia in Rhody-
menia, a fact subsequently corroborated by Saun-
ders et al. (1999) using molecular data.

Among our material there are specimens in
which the reproductive structures occur in small
marginal or superficial proliferations of the blade,
whereas in others these structures develop directly
on the blade. Since as a whole they do not show nei-
ther morphological nor anatomical appreciable dif-
ferences, and as we have also observed specimens in
which the reproductive structures occur either on the
blade or in proliferations, we have preferred to fol-
low Womersley (1996) and assign our material to
Rhodymenia.

The distribution of Rhodymenia capensis is lim-
ited to the coasts of South Africa (probably mainly a
south coast species) and Namibia. In the South
African west coast it only occurs in the southern half
of the Cape Peninsula (Stegenga et al., 1997) and in
Cape Hangklip (Jackelman et al., 1991). In Namib-
ia, this species had only been recorded until now
from Walvis Bay (Delf and Michell, 1921).

On the other hand, Wynne (1986) cited Rhody-
menia linearis J. Agardh from Swakopmund, point-
ing out that the specimens suggest E. capensis but
that the arrangement of the reproductive structures
and its long stipe agree with R. linearis. We had the
opportunity to study Wynne’s material and we have
observed that the specimens are morphologically
and anatomically similar to ours, although they have
narrower blades (2-3 mm in comparison with 2-5
mm in our material). The only reproductive struc-
tures present in Wynne’s material are tetrasporangia,
which occur in sori at the ends of the blades. It is
possible that this fact was the main feature used by
Wynne (1986) to assign his specimens to R. linearis
rather than E. capensis. However, as we have
already commented, the arrangement of the repro-
ductive structures does not seem to be a good char-
acter to distinguish both genera. Moreover, the dis-
tribution of R. linearis is possibly limited to New
Zealand (Womersley, 1996), even though Jackelman
et al. (1991) cite this species from the south west
coast of South Africa.

All things considered, we have preferred to
assign our specimens to Rhodymenia capensis,
although we hold, in agreement with Womersley
(1996), that a taxonomical research on the genus
Rhodymenia (including Epymenia) should be car-
ried out in this geographical area.

Rhodymenia natalensis Kylin
(Figs. 101-102)

Rhodymenia natalensis Kylin (1938), p. 13.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-
A 12015; Swakopmund, beach, 8-07-1989, BCF-A 12016; Mile 30,
7-07-1989, BCF-A 12017, with tetrasporangia and carposporangia.

References: Kylin (1938), Simons (1969, 1976), Branch and Branch
(1981), Wynne (1986), Stegenga et al. (1997).

Habit and vegetative structure: Plant stolonifer-
ous, 3-8 cm high, consisting of one or more stipitate
blades, (1.5-)2-3(-4) mm broad, attached to the sub-
stratum by means of both a discoidal caespitose base
and branched stolons arising from the stipe; blades
up to four times dichotomously divided, with round-
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FiG. 101. — Rhodymenia natalensis. Mile 30, 7-07-1989, BCF-A 12017. Scale bar = 3 cm.

ed or truncate apices and progressively attenuate at
base. Stipe terete, branched, 440-840 um in diame-
ter; stolons cylindrical, about 0.5 mm in diameter,
reflexed, up to 3.5 cm in length. Outer cortical cells
rounded, elongated or more or less isodiametric in
surface view, 4-12 x 2-8 um. In cross section, struc-
ture differentiated into medulla and cortex. Blade
220-400 um thick; medullary cells polygonal, more
or less isodiametric, (20-)44-104 x 20-76 pm; corti-
cal cells 4-9 x 3-8 um, more or less arranged in two
irregular layers; transitional zone between cortex
and medulla with cells ovate or elliptic, 5-22 x 4-14
um. Medullary cells of the stipe rounded or polygo-
nal, ovate or approximately isodiametric, 20-60(-84)
x 16-48(-72) um; subcortical cells 5-20 x 4-16 pm;
cortical cells 4-10 x 3-5(-8) um. In longitudinal sec-
tion, blade structure similar, but with elongate
medullary cells, (80-)108-224 x 40-72 um, and sub-
cortical cells also elongated, 6-72 x (4-)6-16 um.

Reproduction: Tetrasporangia cruciate or decus-
sate, elliptic, 24-34 x 14-19 pm, placed in sori in the
apical zone of the blades. Cystocarps globose, with
ostiole, 500-600 um in diameter, scattered over the
blade or placed in blade margins; carposporangia
12-18 x 10-15 um. Spermatangia not seen.

Habitat: Growing on vertical walls of tide pools.
Also present in drift material, often associated with
sponges.

Namibian distribution: Swakopmund (Wynne,
1986); Mile 30 (Map 47).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia. Indian Ocean:
South Africa, Mozambique (Silva et al., 1996).

Remarks: Rhodymenia natalensis was described
from Durban (east coast of South Africa) by Kylin
(1938). At present, its distribution virtually includes
the whole of the Southern African coasts (Stegenga
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FiG. 102. — Rhodymenia natalensis. A. Outer cortical cells in surface
view. B. Portion of a cross section of the stipe. C. Cross section of the
blade. D. Longitudinal section of the blade. Scale bar = 50 um.

et al., 1997). Wynne (1986) cited this species from
Swakopmund, pointing out that he also had found
specimens from the Cape of Good Hope area.

Our specimens agree quite well with Wynne’s
(1986) observations on this species, although they
are slightly taller and show broader blades [up to 8
cm high and 2-3 mm broad, opposite to 4-5 cm high



and 1-2 mm broad according to Wynne (1986)].
Since we had the opportunity to study Wynne’s
material (MICH, without number) we have
observed, moreover, that our specimens also have
thicker blades (220-400 um thick in comparison
with 160 um in Wynne’s specimens). This difference
in the blade thickness could be due to environmen-
tal differences (Sparling, 1957). However, concern-
ing the plant habit our specimens are practically
identical to those of Wynne (1986).

On the other hand, our material also agrees quite
well with R. leptophylla J. Agardh. This species
occurs mainly in New Zealand and Australia and,
according to the illustrations and descriptions con-
sulted, it seems not to differ significantly from
Rhodymenia natalensis. Likewise, Namibian speci-
mens are also similar to the European species R.
holmesi Ardissone and R. coespitosella 1’ Hardy-
Halos, but the former has broader and thinner blades
(5 mm broad and 100-150 um thick) and the latter
smaller medullary cells (45-65 x 25-30 um).

Rhodymenia obtusa (Greville ) Womersley
(Figs. 103-104)

Phyllophora obtusa Greville (1831), p. 148.
Epymenia obtusa (Greville) Kiitzing (1849), p. 787.
Rhodymenia obtusa (Greville ) Womersley (1996), p. 79.

Selected specimens: Langstrand, 6-07-1989, BCF-A 12010, with
tetrasporangia; 5 km South of Swakopmund, 6-07-1989, BCF-A
12011, with tetrasporangia and carposporangia; Swakopmund,
beach, 8-07-1989, BCF-A 12012, with tetrasporangia and car-
posporangia; Mile 30, 7-07-1989, BCF-A 12013, with carposporan-
gia; Mowe Bay, 5-02-1988, BCF-A 12014, with carposporangia.

References: Kylin (1931), Sparling (1957), Chapman and Drom-
goole (1970), Simons (1969, 1976), Branch and Branch (1981),
Wynne (1986), Adams (1994), Womersley (1996), Stegenga et al.
(1997).

Habit and vegetative structure: Plant up to 37 cm
high, consisting of one or more stipitate blades (0.7-)
1-3(-3.5) cm broad, attached to the substratum by a
discoid holdfast; blades elongated, with the apex
spathulate or emarginate and the base cuneate, usu-
ally dichotomously divided, sometimes more or less
palmate, often proliferous; proliferations arising
from the blade surface or from broken apical zones.
Blade with smooth surface and entire margin; fertile
specimens with clusters of small proliferations lon-
gitudinally arranged along the central axis of the
blade, especially in the lower half of the plant. Stipe
terete, 0.5-2.7 cm long and 1.5-2.5 mm in diameter,
simple or branched, occasionally prolonged as an
inconspicuous midrib in the lower part of some
blades. Outer cortical cells of the blade ovate or

FiG. 103. — Rhodymenia obtusa. 5 km south of Swakopmund, 6-07-
1989, BCF-A 12011. Scale bar = 5 cm.
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FiG. 104. — Rhodymenia obtusa. A. Cross section of the blade. B.

Longitudinal section of the blade. C. Tetrasporangia in surface

view. D. Cross section of a fertile proliferation with tetrasporangia.
A, B, D. Scale bar = 50 um. C. Scale bar = 25 um.

elliptic in surface view, 4-10 x 3-6 um. In cross sec-
tion, structure differentiated into medulla and cor-
tex. Blade 280-420 pum thick; medullary cells polyg-
onal or rounded, ovate elliptic or isodiametric, 30-
112(-136) x (20-)28-92(-100) um; cortical cells
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elongated, 5-11 x 2-6 pum, anticlinally arranged in 1-
2 irregular layers; transitional zone between cortex
and medulla with more or less elliptic cells 8-32 x 6-
24 um. Stipe medullary cells rounded or polygonal,
more or less isodiametric, 16-76 x 14-60 pm; corti-
cal zone consisting of a more or less wide strip of
radially arranged elongate cells, the inner ones big-
ger than the outer. In longitudinal section, blade
medullary cells elongated, 72-288 x 32-92 um.

Reproduction: Reproductive structures devel-
oped in small proliferations of the blade surface.
Tetrasporangia cruciate, usually decussate, elliptic,
28-60 x 14-24 um, formed in rounded or reniform,
stipitate, laminar proliferations about 2 mm in diam-
eter and 200-240 um thick. Cystocarps globose,
740-1200 um in diameter, formed in small laminar
proliferations, deforming them; carposporangia 16-
36 x 12-28 um. Spermatangia not seen.

Habitat: Epilithic or growing on mussel shells in
the upper sublittoral zone, among the Laminaria
pallida specimens; frequent in drift material; often
almost completely covered by bryozoans.

Namibian distribution: Elizabeth Bay, Liideritz,
Swakopmund, Terrace Bay (Lawson et al., 1990);
Langstrand, Mile 30, Mowe Bay (Map 48).

World distribution: Atlantic Ocean: South
Argentina (Pujals, 1977); Uruguay (Coll and
Oliveira, 1999); South Africa, Namibia (Stegenga et
al., 1997). Pacific Ocean: South Australia, Tasmania
(Womersley, 1996); New Zealand (Adams, 1994).

Remarks: Rhodymenia obtusa was described by
Greville (1831), as Phyllophora obtusa, on the basis
of material from the Cape of Good Hope. Later,
Kiitzing (1849) created the genus Epymenia and
established the combination Epymenia obtusa, the
name by which the species was known in South
Africa and Namibia until a few years ago. Recently,
Womersley (1996) included Epymenia in the genus
Rhodymenia (see remark in R. capensis), to which
he transferred the species with the name R. obtusa
(Greville) Womersley.

Silva et al. (1996) remarked that the occurrence
of R. obtusa in the Indian Ocean is only due to an
erroneous citation from Natal (east coast of South
Africa) and, accordingly, these authors excluded R.
obtusa from that Ocean.

Rhodymenia obtusa is very similar to the Tristan
da Cunha species Epymenia elongata Baardseth.
Baardseth (1941), who described the species,
remarked that E. elongata is similar to E. mem-
branacea Harvey and E. wilsonis Sonder (at present
both synonymous of R. obtusa) but that it differs
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from these species in lacking a midrib in the base of
the blades and because the latter are narrower.
According to Sparling (1957) these features are vari-
able and their importance in the species distinction
should be confirmed. In agreement with this author,
we hold that these characteristics are few stable and
that themselves do not distinguish species. Hence, it
is probable that E. elongata also can be treated as a
synonym of R. obtusa, although we think that a thor-
ough study on these species should be carried out.

Rhodymeniaceae ind.
(Fig. 105)

Selected specimens: Mowe Bay, 4-02-1988, BCF-A 12119, with
tetrasporangia.

References: Stegenga et al. (1997).

Habit and vegetative structure: Plant 1.2 cm
high, consisting of a stipitate, simple or divided,
cuneate blades 2-3 mm broad, with smooth surface
and entire margin, attached to the substratum by a
basal disc; branching more or less dichotomous,
proliferous from broken zones; blades occasionally
coalescent; stipe cylindric, simple or branched, 0.5-
I mm in length. Outer cortical cells elliptic or
rounded in surface view, 4-7 x 4-6 um, loosely
arranged. In cross section, blade 140-160 pm thick,

F1G. 105. — Rhodymeniaceae ind. A. Habit. B. Outer cortical cells in

surface view. C. Cross section of the blade. D. Cross section of the

blade through a tetrasporangial sorus. A. Scale bar =5 mm. B. Scale
bar = 25 pm. C-D. Scale bar = 50 ym.



up to 200 pm thick in fertile areas, differentiated into
medulla and cortex; medulla composed of two lay-
ers of loosely arranged elliptic cells, 48-88 x 28-48
um; sometimes, some small cells or some filament
occurring among the big medullary cells; cortex
composed of 1-2 ill-defined layers of pigmented and
rounded cells, 4-6 um in diameter; subcortical cells
12-34 x 8-20 um. In a section parallel to the blade
surface, medullary cells polygonal with rounded
angles, elliptic or more or less isodiametric, 84-132
x 68-104 um; some short branched filaments occur-
ring among medullary cells; cells of filaments irreg-
ular in shape or more or less elongated, 6-10 um in
diameter.

Reproduction: Tetrasporangia cruciate or decus-
sate, oblong, 30-38 x 20-26 um, formed in elongate
sori placed in the central part of the blade, leaving a
sterile marginal band; sori occurring in one or both
sides of the blade; in cross section, sori similar to
nemathecia, with the tetrasporangia placed between
dichotomously branched filaments. Other reproduc-
tive structures not seen.

Habitat: In the upper sublittoral zone.

Namibian distribution: Mowe Bay (Map 49).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997). Namibia.

Remarks: Our material, which is represented
only by one specimen, agrees quite well with the
Stegenga et al. (1997) description and illustrations
of a undetermined Rhodymeniaceae from the west
coast of South Africa. However, the Namibian spec-
imen is smaller (1.2 cm high in comparison with up
to 5 cm in the South African material), it consists of
arelatively thinner blade (140-160 pm thick in com-
parison with 200-300 pm) and it has shorter
tetrasporangia (30-38 x 20-26 um in our specimen in
comparison with 60 x 30 pm in the South African
material). Moreover, according to Stegenga et al.
(1997), some inconspicuous gland cells occur into
the central cavity in the South African material,
whereas they were not observed in our specimen.

Anatomically, the Namibian specimen also
agrees quite well with the cross section photograph
of Leptofauchea anastomosans (Weber-van-Bosse)
Norris et Aken showed by Norris and Aken (1985).
However, the habit of this plant is different from that
of our specimen.

Like the South African material, our specimen
does not have cystocarps, and therefore it is not pos-
sible to assign it definitely to any genus. Stegenga et
al. (1997) remarked that anatomically their speci-
mens are reminiscent of the genus Chrysymenia, but

that concerning reproductive structures, they are
similar to Fauchea.

Order CERAMIALES Oltmanns (1904)
Family CERAMIACEAE Dumortier (1822)
Genus Aglaothamnion Feldmann-Mazoyer (1941)

Aglaothamnion hookeri (Dillwyn) Maggs and
Hommersand (Fig. 106)

Conferva hookeri Dillwyn (1809), pl. 106.

Callithamnion hookeri (Dillwyn) S. Gray (1821), p. 324.
Aglaothamnion hookeri (Dillwyn) Maggs and Hommersand
(1993), p. 102.

Lectotype: TCD, Hooker and Borrer, Cawsie, undated.

Selected specimens: 29 km south of Kunene river mouth, 22-02-
1986, BCF-A 11774, with carposporangia.

References: Dixon and Price (1981), Stegenga (1986), Wynne
(1986), Lawson and John (1987), Maggs and Hommersand (1993)
Stegenga et al. (1997).

Habit and vegetative structure: Plant filamentous,
forming small tufts 3-7 mm high, attached to the sub-
stratum by rhizoids. Erect axes alternately branched,
distichous, bearing a branch in every cell; basal cell
(and often next 2-3 cells) of the first and second order
branches usually devoid of laterals; last order
branchlets sometimes secund, adaxial. Cells of the
main axis 60-176 x 52-88 um, 1.5-2.6 times longer
than broad in the lower half of the plant, and more or
less as long as broad in the upper half; branch cells
1.5-2.1 times longer than broad, 52-80 x 32-40 um;
main axis apical cell 12-32 16-20 um, not overtopped
by its young laterals, which often reach the apical
cell level; branch apical cell 20-40 x 20-24 um. Rhi-
zoidal filaments multicellular, simple or branched,

FiG. 106. — Aglaothamnion hookeri. 29 km south of Kunene river
mouth, 22-02-1986, BCF-A 11774. A. Main axis. Scale bar = 400
um. B. Detail of a branch with gonimoblasts. Scale bar = 80 um.
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20-40 pym in diameter, arising from the cells of the
main axis or from the basal cells of the branches, and
growing downwards forming a loose adherent cortex
in the lower part of the plant.

Reproduction: Gonimoblasts globose, adaxial,
119-166 um in great diameter, composed of two
rounded lobes; carposporangia 24-48 x 20-36 um.
Other reproductive structures not seen.

Habitat: Epiphyte on Hypnea spicifera in the
lower eulittoral zone.

Namibian distribution: Swakopmund (Wynne,
1986); South Kunene (Map 50).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997); Angola and areas
of cold upwelling in Gulf of Guinea, from Canary
Islands and Morocco to northern Norway, Iceland
(Lawson and John, 1987; Maggs Hommersand,
1993). Mediterranean Sea (Gallardo er al., 1985).
Indian Ocean: South Africa (Silva et al., 1996).

Remarks: Wynne (1986) cited Aglaothamnion
hookeri from Swakopmund on the basis of sterile
specimens. At the same time, Stegenga (1986) cited
this species from the west coast of the Cape
Province (South Africa) and few years later from the
east coast (Stegenga, 1988). Our specimens agree
quite well with the photographs of this species
showed by Wynne (1986), but differs from the mate-
rial described by Stegenga (1986) and Stegenga et
al. (1997) mainly in the branching pattern. Accord-
ing to these authors, branching is not completely
distichous, a fact which distinguishs this plant from
Aglaothamnion tripinnatum (C. Agardh) Feldmann-
Mazoyer (=Callithamnion tripinnatum C. Agardh),
the latter also recorded from the South African
coasts (Stegenga, 1988; Stegenga et al., 1997). In
this way, our specimens could correspond to A. trip-
innatum. Maggs and Hommersand (1993) gave an
extensive description of both species and pointed out
that A. hookeri shows great morphological variation
and that the branching in this species may be either
alternate and distichous or sparse. According to
these authors, A. tripinnatum and A. hookeri can be
easily differentiated, since the former, unlike A.
hookeri, presents an adaxial branch in the basal cell
of the pinnae. Maggs and Hommersand (1993) also
pointed out that these taxa require a critical biosys-
tematic research, which would confirm its world dis-
tribution.

According to the work of Maggs and Hommer-
sand (1993) our specimens agree better A. hookeri
than with A. tripinnatum and for this reason we have
preferred to assign them to the former species.
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Genus Antithamnion Nageli (1847)
Key to species and varieties of Antithamnion:

1. Pinnae opposite and distichously arranged, with

adaxial secund branchlets...........c.cccceeenienenenn. 2
1. Pinnae decussate, with opposite or alternate
branchlets .........ccceceviniiiininiiiicie 3

2. Indeterminate lateral branches opposite to a
determinate lateral branch (pinna)...A. secundum

2. Indeterminate lateral branches not opposite to a
determinate lateral branch................. A. densum*

3. Pinnae 300-400 um in length .........ccccoceniininn
........................... A. diminuatum var. diminuatum
3. Pinnae longer, up to 900 pum in length .................
...................... A. diminuatum var. polyglandulum

* In addition to the species referred to in this key,
Antithamnion eliseae Norris has been also recorded
from Namibia (Mowe Bay) by Engledow (1998).
This taxon shows intermediate features between
both varieties of Antithamnion diminuatum (see the
remark in A. diminuatum var. polygaldulum). A.
densum was not observed. More information about
this taxon can be found in Maggs and Hommersand
(1993) and Athanasiadis (1996).

Antithamnion diminuatum var. diminuatum
‘Wollaston

Antithamnion diminuatum var. diminuatum Wollaston (1968), p. 293.

Selected specimens: Mowe Bay, Suider Kust, 6-02-1988, BCF-A
11780; Mowe Bay, Cala Poste, 7-02-1988, BCF-A 11859; Rocky
Point, 24-02-1986, BCF-A 11779; 29 km south of Kunene river
mouth, 22-02-1986, BCF-A 11393.

References: Wollaston (1968), Stegenga (1986), Norris (1987a),
Sansé6n (1991, 1994), Stegenga et al. (1997).

Habit and vegetative structure: Plant filamen-
tous, 2-10 mm high, consisting of partly prostrate,
uniseriate, ecorticate, branched filaments 52-64 um
in diameter, bearing in every cell determinate
branches (pinnae) decussately arranged; prostrate
part of axes with the pinnae perpendicular to the
substratum. Indeterminate branches usually arising
from the cells of main axes, but sometimes from the
basal cell of pinnae; main axes cells cylindric, 60-
160 x 52-64 um. Pinnae plumose, 300-400 pm long,
arising from the upper third of the main axis cells;
basal cell of the pinnae short, 18-20 x 24 um, given
rise to one or three multicellular rhizoidal filaments,



16-32 um in diameter, ending or not in a attachment
pad; axial cells of the pinnae 28-64 x 20-32 um; pin-
nae with opposite branchlets in the proximal 1-2
axial cells and alternate branchlets in the distal part;
opposite branchlets usually different, one simple
and the other bearing an abaxial 3-5 celled ramuli
with a gland cell; alternate branchlets simple or
bearing a small abaxial ramuli with a gland cell;
gland cells ovate, 16-20 x 10-16 pum, a few swollen
and darker, 30-32 x 20-28 pm.

Reproduction: Reproductive structures not seen.

Habitat: Epiphyte on several algae, like Centro-
ceras clavulatum, Hypnea ecklonii, Plocamium
rigidum, Tayloriella tenebrosa, Griffithsia confer-
voides, Corallina sp. and Caulacanthus ustulatus, in
the lower eulittoral zone.

Namibian distribution: Torra Bay, Mowe Bay
(Stegenga et al., 1997); Rocky Point, South Kunene
(Map 51).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997); Canary Islands
(Sansén, 1994). Indian Ocean: South Africa, Aus-
tralia (Silva et al., 1996).

Remarks: Stegenga et al. (1997) gave a descrip-
tion of Antithamnion diminuatum pointing out that
the specimens with larger dimensions in all parts
and more abundant gland cells correspond to the
variety polyglandulum. These authors also stated
that the ranges of distribution of both varieties large-
ly overlap. In this way, Stegenga et al. (1997) pre-
sented a global distribution of this species which did
not distinguish the varieties.

On the other hand, we must point out that some
large cells replacing the normal gland cells, usually
occur in our specimens. More information about
these cells can be found in the remark of var. polyg-
landulum.

Antithamnion diminuatum var. polyglandulum
Stegenga (Fig. 107)
Antithamnion diminuatum var. polyglandulum Stegenga (1986), p. 30.
Holotype: Stegenga slide n. 700 (in BOL), 25-10-1984, Swartklip.
Selected specimens: Mowe Bay, Cala Poste, 7-02-1988, BCF-A
11860; Mowe Bay, 25-02-1986, BCF-A 9603; Rocky Point, 24-02-
1986, BCF-A 11861.

References: Stegenga (1986), Rull Luch and Gémez Garreta (1993),
Stegenga et al. (1997).

Habit and vegetative structure: Plant filamentous
3-13 mm high, having similar features to the var.
diminuatum, from which it mainly differs in the

FiG. 107. — Antithamnion diminuatum var. polyglandulum. A. Detail

of a pinna. B. Detail of a pinna with two normal gland cells and a

swollen gland cell. C-D. Detail of two swollen gland cells; in C the

three cells of the supporting branchlet are visible. E. Rhizoid. Scale
bar = 50 um.

main axes diameter, the pinnae length and the size
and number of gland cells. Main axis 60-120 um in
diameter, with cells cylindric, 120-280 x 60-120 um,
attached to the substratum by multicellular rhizoidal
filaments 24-44 pm in diameter; indeterminate
branches usually arising from the basal cells of the
pinnae. Pinnae (277-)395-909 pym long, with the
axial cells 48-116 x 32-56 um and the basal cell 28-
60 x 36-60 um; gland cells numerous, 26-39 x 17-30
um, occurring on a usually 3-celled abaxial branch-
let; some bigger and darker gland cells, 56-76 x 52-
72 um, apparently pedicellate, generally occurs; the
pedicel 20 x 40 um. Plastids numerous, discoidal or
elongated.

Reproduction: Reproductive structures not seen.

Habitat: Epiphyte on Tayloriella tenebrosa and
Acrosorium cincinnatum in the lower eulittoral
zone; growing on Plocamium rigidum and Centro-
ceras clavulatum in the upper sublittoral zone,
among the specimens of Laminaria pallida.

Namibian distribution: Torra Bay, Mowe Bay
(Stegenga et al., 1997); Rocky Point (Rull Lluch and
Goémez Garreta, 1993). See remarks on the distribu-
tion in var. diminuatum (Map 52).

World distribution: Atlantic Ocean: South Africa
(Stegenga, 1986); Namibia (Rull Lluch and Gémez
Garreta, 1993). Canary Islands (Sansén, 1994). Indi-
an Ocean: South Africa (Stegenga and Bolton,
1992).

Remarks: Our specimens of this variety, as well
as those of var. diminuatum, often present some
swollen cells, apparently pedicellate, that are remi-
niscent of monosporangia, but whose arrangement
suggests structures derived from gland cells. In fact,
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these swollen cells occur in branchlets similar to
those bearing gland cells, but as a result of their big
size often hide all the cells of the branchlet except
the basal one, which seems to be a pedicel. Howev-
er, occasionally, the branchlet cells can be observed
beneath these swollen cells (Fig. 107C). Moreover,
Sansén (1991 and 1994) observed the same sort of
structures together with cruciate tetrasporangia in
Canarian specimens of this species.

Norris (1987a) studied the species of Antitham-
nion occurring in Natal (east coast of South Africa)
and remarked that there are specimens which agree
with A. diminuatum var. polyglandulum but that due
to several differences he preferred to describe them
as a new species named A. eliseae Norris. This
author pointed out the differences between A. dimin-
uatum and A. eliseae but did not refer to var. polyg-
landulum. On the other hand, Stegenga et al. (1997)
stated that the differences in size between var. poly-
glandulum and A. eliseae appear to be as big as those
between A. eliseae and A. diminuatum var. diminua-
tum, and they suggested the possibility that the three
taxa could be considered as different species.

Antithamnion secundum Itono
(Fig. 108)

Antithamnion secundum Itono (1971), p. 212.
Selected specimens: Mile 30, 7-07-1989, BCF-A 11392.
References: Itono (1971, 1977), Norris (1987a).

Habit and vegetative structure: Plant 1 mm high,
consisting of prostrate and erect axes. Prostrate axes
40-56 pm in diameter, attached to the substratum by
multicellular rhizoids, 28-40 pm in diameter, with
digitate haptera. Erect axes 52-64 um in diameter,
with distichously arranged determinate laterals, one
opposite pair in every cell; cells of erect axes 60-84
x 48-56 pum; rhizoids and indeterminate branches
arising from the basal cells of the determinate later-
als, which they move on to rhizoid or indeterminate
branch; indeterminate branches opposite to a deter-
minate lateral or a rhizoid. Determinate laterals 20-
24 um in diameter, simple or bearing secund branch-
lets adaxially arranged, some of which, usually the
shorter ones, bear a gland cell; cells of determinate
laterals 18-38 um long and 18-24 um broad, the 1-2
basal ones shorter, 16-18 x 20 um. Gland cells
scarce, 16 x 12 pm.

Reproduction: Reproductive structures not seen.

Habitat: Epiphytic on Rhodymenia natalensis, in
drift material.
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Fic. 108. — Antithamnion secundum. Two portions of the plant

showing the main axis and determinate laterals. An indeterminate

branch opposite to a determinate one is also visible in the drawing
at right. Scale bar = 100 um.

Namibian distribution: Mile 30 (Map 53).

World distribution: Atlantic Ocean: Namibia.
Pacific Ocean: Japan (Itono, 1971). Indian Ocean:
South Africa (Norris, 1987a).

Remarks:  Anthithamnion secundum  was
described by Itono (1971) on the basis of Japanese
material, and later, it was recorded from the east
coast of South Africa by Norris (1987a). Until now,
this species had not been recorded from the Atlantic
Ocean.

Our material agrees quite well with the descrip-
tions of Itono (1971) and Norris (1987a), although
there are some differences. On the one hand, the
Namibian specimens have relatively thicker axes
(52-64 pm in diameter, in comparison with 40-45
um) and broader cells (48-56 um broad, in compari-
son with 18-40 pm) than the specimens from Japan
and South Africa. On the other hand, our specimens
have some gland cells, unlike the Japanese material
in which these cells are lacking (Itono, 1971, 1977).
Norris (1987a) remarked that the gland cells are usu-
ally absent in South African material, but that they
occur in one of the specimens studied. This author
also pointed out that the branching is not complete-
ly distichous in the apical zones of some specimens.

By the presence of a determinate branch opposite
to the indeterminate branches, A. secundum is simi-
lar to A. kylinii Gardner, A. nematocladellum Norris
and to some specimens from Sierra Leone described



by Lawson and John (1987) as Antithamnion sp. A.
kylinii occurs on the Pacific coast of North America
(Scagel et al., 1986) and is represented by erect
specimens, lacking prostate axes, and taller (4-5 cm)
than those of A. secundum (Abbott and Hollenberg,
1976). A. nematocladellum is an endemic species of
the South African east coast (Cormaci and Furnari,
1989), which differs from A. secundum in having, at
the basal zone of the indeterminate branches, a pair
of determinate branchlets opposite and decussate in
relation to the upper ones, which are distichously
arranged. Finally, the Sierra Leone specimens differ
from A. secundum in having a pyramidal appear-
ance.

Wynne (1986) cited Antithmnion leptocladum
(Montagne) Wynne [= A. densum (Suhr) Howe,
according to Athanasiadis (1990)] from Swakop-
mund (Namibia). This species is similar to A. secun-
dum, from which it differs in lacking a determinate
branchlet opposite to the indeterminate branches.

Since the presence or absence of a determinate
branchlet opposite to the indeterminate branches is
an important feature to determine species in the
genus Antithamnion (Norris, 1987a), we have tenta-
tively assigned our specimens to A. secundum, wait-
ing for a future study which will allow comparison
of our material with Wynne’s (1986) specimens.

Genus Antithamnionella Lyle (1922)
Key to species of Antithamnionella:

1. Axes with whorls of 2-4 determinate branchlets

150-400 pm long.......ccceevveevveennennns A. australis*
1. Axes with whorls of 4-6 determinate branchlets
100-220 pm long.......ccceevcvveennennne. A. verticillata

* A. australis has been recently recorded from
southern Namibia (Grossebucht) by Engledow
(1998), but not observed among our material. More
information about this taxon can be found in Baard-
seth (1941).

Antithamnionella verticillata (Suhr) Lyle
(Fig. 109)

Callithamnion verticillatum Suhr (1840), p. 290.
Antithamnionella verticillata (Suhr) Lyle (1922), p. 349.

Selected specimens: Mowe Bay, Cala Poste, 7-02-1988, BCF-A
11394; Mowe Bay, Suider Kust, 6-02-1988, BCF-A 11863; 29 km
south of Kunene river mouth, 22-02-1986, BCF-A 11862, with
spermatangia.

References: Stegenga (1986), Stegenga et al. (1997).

Fi6. 109. — Antithamnionella verticillata. 29 km south of Kunene

river mouth, 22-02-1986, BCF-A 11862. A. Habit. B. Detail of

main axis. C. Determinate branches with spermatangia and gland
cells. A-B. Scale bar = 200 ym. C. Scale bar = 20 um.

Habit and vegetative structure: Plant 2-3 mm
high, consisting of an uniseriate main axis, ecorti-
cate, partly prostrate and attached to the substratum
by rhizoids, that bear whorled determinate branch-
lets in the upper part of the cells. Rhizoids uni- or
multicellular, 16-20 um in diameter, arising from the
cells of main axis or from the basal cells of determi-
nate branchlets, with or without attachment pads.
Main axis (40-)60-148 um in diameter, irregularly
branched, with cells cylindrical, 100-240 um long
and 40-148 um broad; indeterminate branches aris-
ing from cells of main axes, replacing a determinate
branchlet. Determinate branchlets (4-)5-10(-11)
cells long (108-220 um) and 12-20 um broad in the
middle part, often with a gland cell near the base;
each whorl with 4-6 determinate branchlets, simple
or with one ramification just above the gland cell.
Gland cells ovate, 24-36 x 16-26 um, refringent,
placed on the second or third basal cells of determi-
nate branchlets.

Reproduction: Spermatangia in clusters adaxially
arranged on lower cells of determinate branchlets.
Other reproductive structures not seen.
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Habitat: Epiphyte on Tayloriella tenebrosa, Hyp-
nea spicifera and Corallina sp., in the lower eulit-
toral zone.

Namibian distribution: Rocky Point (Engledow,
1998); Moéwe Bay, South Kunene (Map 54).

World distribution: Atlantic Ocean: South Africa
(Stegenga et al., 1997); Namibia. Indian Ocean:
South Africa (Silva et al., 1996).

Remarks: The Namibian specimens agree well
with the Stegenga (1986) and Stegenga et al. (1997)
descriptions of this species, although they have
determinate branchlets slightly longer.

Genus Aristothamnion J. Agardh (1892)

Aristothamnion collabens (Rudolphi) Papenfuss
(Figs. 110-111)

Asperocaulon collabens Rudolphi (1831), p. 178.
Aristothamnion collabens (Rudolphi) Papenfuss (1968a), p. 268.
For the synonyms see Papenfuss (1968a).

Lectotype: Rudolphi specimen illustrated by Kiitzing (1862), pl. 15, fig. a.

Selected specimens: Langstrand, 6-07-1989, BCF-A 1139, with
polysporangia, carposporangia and spermatangia; 5 km south of
Swakopmund, 6-07-1989, BCF-A 1186, with polysporangia, car-
posporangia and spermatangia; Swakopmund, beach, 8-07-1989,
BCF-A 11866, with carposporangia and spermatangia; Mile 30, 7-
07-1989, BCF-A 11867, with polysporangia; Mile 32, 7-07-1989,
BCF-A 11868, with polysporangia; Mowe Bay, 5-02-1988, BCF-A
11869; Rocky Point, 24-02-1986, BCF-A 11396, with polysporan-
gia; Angra Fria, 20-02-1986, BCF-A 11864, with polysporangia; 29
km south of Kunene river mouth, 22-02-1986, BCF-A 1141, with
polysporangia, carposporangia and spermatangia.

References: Simons (1960a), Wollaston (1984), Stegenga (1986),
Wynne (1986), Stegenga et al. (1997).

Habit and vegetative structure: Plant erect, form-
ing elongate, more or less pyramidal tufts up to 7.5
cm high, consisting of an irregularly branched main
axis attached to the substratum by a basal disc. Main
axis uniseriate, completely corticated, (160-)220-
580 pm in diameter, bearing ecorticate branchlets of
limited growth spirally arranged, one in every cell;
first order branches up to 1.5 cm long and 100-360
um in diameter, arising from the upper part of the
main axis cells; cells of the main axis cylindric, up
to 1 mm in length, shorter in the lower than in the
middle part of the plant; apical zone overtopped by
the nearest branchlets of limited growth. Cortication
more dense in the lower than in the upper part of the
plant, consisting of multicellular rhizoidal filaments
issuing from the basal cells of the branches; cells of
rhizoidal filaments elongated, narrow, 40-320 x (6-)
12-20 um; rhizoidal filaments growing upwards,
downwards or surrounding the main axis. Branchlets
of limited growth 55-100 um in diameter in the mid-
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Fig. 110. — Aristothamnion collabens. Langstrand, 6-07-1989,
BCF-A 11395. Scale bar = 1 cm.

dle part, alternately or pseudodichotomously
branched, with the ramuli more or less distichously
arranged; cells of the limited growth branchlets (24-)
56-213 x 24-79(-103) um; apical cell conical, 8-32 x
8-32 um.

Reproduction: Polysporangia ovate or round, 60-
100 x 48-88 um, sessile, adaxially arranged in the
last order branchlets; polysporangia with 8-14
spores in surface view. Plant dioecious. Goni-
moblasts globose, 134-440 x 80-340 um, composed
of two opposite lobes arising from the last branch-
lets cells; carposporangia ovate, elliptic or more or
less triangular with rounded angles, (24-)32-48 x
(18-)24-40 um. Spermatangia in hemispherical clus-
ters 63-88 um in diameter, adaxially arranged in the
last order branchlets.

Habitat: Epiphyte on several algae like Chondria
capensis, Hypnea spicifera, Polysiphonia virgata,



FIG. 111. — Aristothamnion collabens. A. Detail of a branch with
a gonimoblast. B. Detail of a branch with hemispherical clusters
of spermatangia. C. Detail of a branch with polysporangia. Scale
bar = 200 um.

Plocamium rigidum and Pterosiphonia complanata,
in the lower eulittoral and the upper sublittoral
zones; in tide pools, epiphyte on Codium decortica-
tum and Streblocladia corymbifera. Occurring also
in drift material.

Namibian distribution: Elizabeth Bay, Grosse-
bucht, Halifax Bay, Liideritz, Swakopmund, Terrace
Bay (Lawson et al., 1990); Langstrand, Mile 30,
Mile 32, Mowe Bay, Rocky Point, Angra Fria, South
Kunene (Map 55).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa, Sri Lanka (Silva et al., 1996).

Remarks:  Aristothamnion  collabens  was
described by Rudolphi (1831) as Asperocaulon col-
labens and, until Papenfuss (1968), it was the object
of great taxonomical and nomenclatural confusion, a
fact which is evident by the high number of syn-
onyms. Stegenga (1986) remarked that there are no
significant differences between young specimens of
A. collabens and the type material of Aristothamnion
tysonii Barton, the latter described by Barton (1893)
on the basis of material collected at Sea Point (South
Africa). On the other hand, Baardseth (1941)
described Aristothamnion ramellifera from Tristan da
Cunha and remarked that this species differs from A.
collabens by the size and in having branched hairs. At
present it is known that the presence of hairs depends
on the environment (West, 1971) and is related to
nutrient assimilation (DeBoer and Whoriskey, 1983;
Reed, 1990; Oates and Cole, 1994). Therefore, it is

probable that the Tristan specimens described as A.
ramellifera actually belong to A. collabens.

Our specimens agree with the Aristothamnion
collabens iconography and descriptions consulted,
although they have larger polysporangia and sper-
matangial sori. Moreover, in agreement with Ste-
genga (1986) and unlike Simons (1960) and Wollas-
ton (1984), we have not observed tetrasporangia in
our specimens.

Genus Ballia Harvey (1840)

Ballia sertularioides (Suhr) Papenfuss
(Fig. 112)

Callithamnion sertularioides Suhr (1840), p. 282.
Ballia sertularioides (Suhr) Papenfuss (1940a), p. 222.

Selected specimens: Mowe Bay, 4-02-1988, BCF-A 11775; Mowe
Bay, Suider Kust, 8-02-1988, BCF-A 11776; Rocky Point, 24-02-
1986, BCF-A 9604.

References: Papenfuss (1940a), Baardseth (1941), Pujals (1967),
Stegenga (1986), Rull Lluch and Gémez Garreta (1993), Adams
(1994), Stegenga et al. (1997).

Habit and vegetative structure: Plant filamen-
tous, 5-15 mm in length, consisting of a branched
main axis bearing opposite and distichously
arranged determinate laterals in every cell. Main
axis uniseriate, ecorticate, 52-80 pm in diameter,
with cells cylindric, 124-192 x 52-76 pm, 1.9-2.8
times longer than broad; some cells of the main axis
without laterals; apical cell cylindric, with blunt
apex, the diameter similar to the main axis; in some
specimens, main axis ending in a sinuous filament
devoid of laterals. Determinate laterals 32-40 um in
diameter, simple or often once pinnate, with oppo-
site and distichously arranged branchlets in every
cell of it lower half; upper half of determinate later-
als without branchlets; basal cell of determinate lat-
erals short and trapezoidal in shape, occasionally
giving rise to multicellular rhizoidal filaments; api-
cal cell tapered to acute, 20-32 x 12-16 pm.

Reproduction: Reproductive structures not seen.

Habitat: Among Caulacanthus ustulatus and
Centroceras clavulatum in the lower eulittoral zone.

Namibian distribution: Liideritz (Stegenga et al.,
1997); Guano Bay, Diaz Point (Engledow, 1998);
Rocky Point (Rull Lluch and Gémez Garreta, 1993);
Mowe Bay (Map 56).

World distribution: Atlantic Ocean: South Africa,
Namibia, Tristan da Cunha, Argentina (Stegenga et
al., 1997). Pacific Ocean: Ross Sea (Cormaci et al.,
1991); (?7)Chile (Pujals, 1967); New Zealand
(Adams, 1994).
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FiG. 112. — Ballia sertularioides. A. Detail of the median part of the
plant. B. Fragment of the plant showing rhizoid filaments. Scale bar
=100 pm.

Remarks: Our specimens, although sterile, are
compatible with the Ballia sertularioides descrip-
tions and iconography consulted, which also are
based on sterile material. However, both Pujals
(1967) and Stegenga (1986) pointed out that B. ser-

tularioides is a deep water species, whereas our
specimens were collected in the eulittoral zone.

Genus Bornetia Thuret (1855)

Bornetia repens Stegenga
(Fig. 113)
Bornetia repens Stegenga (1985b), p. 163.

Type: BOL, Stegenga n. T 165 (slide). Hluleka Nature Reserve,
Transkei.

Selected specimens: Mowe Bay, 4-02-1988, BCF-A 11870; Rocky
Point, 24-02-1986, BCF-A 11871, with tetrasporangia.

References: Stegenga (1985b, 1986), Stegenga et al. (1997).
Habit and vegetative structure: Plant consisting

of uniseriate erect axes up to 2.5 cm high, ecorticate,
dichotomously branched at intervals of 1-6 cells;
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erect axes 300-400 um broad (460-600 um broad at
dichotomies), with cells cylindrical or slightly clav-
iform, 1060-1600 um long and 260-400 um broad,
those of dichotomies 760-900 x 420-600 um; apical
cell cylindrical with rounded apex, 240-400 um long
and 140-180 um broad.

Reproduction: Tetrasporangia more or less pear-
shaped, sessile, tetrahedrally divided, 60-92 x 48-76
um, placed between branchlets up to 740 um long
that form clusters adaxially arranged on erect axes.
Other reproductive structures not seen.

Habitat: Among the specimens of Caulacanthus
ustulatus and Nothogenia erinacea in the lower
eulittoral zone.

Namibian distribution: Rocky Point (Engledow,
1998); Mowe Bay (Map 57).

World distribution: Atlantic Ocean: South Africa
(Stegenga el al.,, 1997); Namibia. Indian Ocean:
South Africa (Silva ef al., 1996).

Remarks: Stegenga (1985b) described this
species on the basis of material from the south coast
of South Africa, and remarked that it differs from
the other Bornetia species in having prostate fila-
ments from which the erect filaments arise. Howev-
er, Sans6n (1991) and Maggs and Hommersand
(1993) pointed out the presence of prostrate axes in
B. secundiflora. Stegenga (1985b) also remarked
other typical features of B. repens, like the speci-
mens size (it is the smallest species of the genus),
the cell diameter and the length of the sper-
matangium stichidia. Moreover, the author also stat-
ed that the tetrasporangia of B. repens do not have
significant differences from those of B. fenuis, the
latter an Australian species very similar to B. repens.

The Namibian material is represented by
tetrasporophytes without base and therefore, we can
not assign them with certainty to B. repens. In this
way, our specimens also partially agree with the
descriptions by Lawson and John (1987) and Sansén
(1991) of B. secundiflora, a species occurring in the
European Atlantic and in the Mediterranean Sea.
However, according to Sansén (1991), in this
species the tetrasporangia are much smaller (36 um
in diameter in comparison with 60-92 pm in our
specimens). On the other hand, according to the
descriptions by Feldmann-Mazoyer (1940) and
Maggs and Hommersand (1993), B. secundiflora is
a more robust species composed of thicker cells
(400-1000 pm in diameter; the apical ones 260-360
um). Therefore, although incomplete, our specimens
agree better with the descriptions of B. repens (Ste-
genga, 1985b, 1986; Stegenga et al., 1997) than with



FiGg. 113. — Bornetia repens. Rocky Point, 24-02-1986, BCF-A 11871. A. Detail of the apical part of the plant. B-C. Branches with
tetrasporangia. Scale bar = 200 um.

those of B. secundiflora and for this reason we have
assigned them to the former species.

Until now, B. repens was only known from
South-Africa, occurring from False Bay to Transkei
and probably in Natal (Stegenga et al., 1997).

Genus Carpoblepharis Kiitzing (1843)
Key to species of Carpoblepharis:

1. In cross section, branches bearing tetrasporangia

with 6 pericentral cells .........cc.ccccueneee. C. minima
1. In cross section, branches bearing tetrasporangia
with 8-10 pericentral cells................ C. flaccida*

* C. flaccida was not observed. You can find
more information about this taxon in Stegenga
(1986) and Stegenga et al. (1997).

Carpoblepharis minima Barton
(Figs. 114-115)

Carpoblepharis minima Barton (1893), p. 114.

Selected specimens: 5 km south of Swakopmund, 7-07-1989, BCF-
A 1139, with tetrasporangia and spermatangia; Swakopmund,
beach, 8-07-1989, BCF-A 11760, with tetrasporangia and car-
posporangia; Mile 30, 7-07-1989, BCF-A 11761, with tetrasporan-
gia and carposporangia.

References: Stegenga (1986), Wynne (1986), Stegenga et al.
(1997).

Habit and vegetative structure: Plant epiphytic,
up to 10 cm high, consisting of pinnately branched,
compressed erect axes up to about 1 mm wide;

attachment by means a basal disc from which
numerous thin rhizoidal filaments arise, penetrating
the structure of the support plant. Main axes 400-
600(-800) um broad, up to three times pinnately
branched, with determinate and indeterminate
branches; occasionally branching irregular or prolif-
erous. Determinate branches compressed, 200-400
um broad, usually linear with obtuse or truncate
apex and constricted at insertion point. Plant com-

FiG. 114. — Carpoblepharis minima. Mile 30, 7-07-1989, BCF-A
11761. Scale bar = 1 cm.
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F1G. 115. — Carpoblepharis minima. A. Cross section of a main axis.
B. Cross section of a branch with tetrasporangia. Scale bar = 50 pm.

pletely corticate. In surface view, cortical cells
polygonal, elongated or isodiametric in the upper
half of the plant, 13-30 x 10-22 um, and more or less
rhizoidal in the lower part and in the base of branch-
es. In cross section, main axis composed of one axial
cell 48-96 x 36-88 um surrounded by six pericentral
cells, two large and laterally arranged, 64-120 x 44-
104 um, and four smaller (two dorsal and two ven-
tral), 48-88 x 24-80 um; cortical cells 10-24 x 9-16
um, more or less arranged in two layers.

Reproduction: Tetrasporangia tetrahedrally
divided, globose or ovoid, 36-64 x 32-60 um,
formed in both determinate and indeterminate
branches; branches bearing tetrasporangia with the
same structure than the vegetative ones (one axial
cell, six pericentral cells and a cortex 1-2 cell lay-
ers); tetrasporangia arranged in four longitudinal
rows in surface view, the lateral ones not transver-
sally aligned with the central ones; in cross section,
tetrasporangia immersed, arising from the pericen-
tral cells and arranged like them, six per axial cell.
Plant dioecious. Gonimoblasts globose, 160-248
(-500) um in diameter, with a long stalk cell and sur-
rounded by up to five involucral filaments; goni-
moblasts developed adaxially in determinate
branches, 1-2 in each branch; carposporangia ovate,
elliptic or more or less isodiametric, 28-60 x 20-40
um. Spermatangia 4-6 pum in diameter in surface
view, covering relatively large apical areas of axes.

Habitat: Epiphyte on both stipe and blade of
Laminaria pallida. Also growing on Chondria
capensis, but much less frequent.
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Namibian distribution: Walvis Bay (Dinter, 1918);
Swakopmund (Wynne, 1986); Mile 30 (Map 58).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997).

Remarks: According to Lawson et al. (1990)
only two species of Carpoblefaris occur in Namib-
ia: C. flaccida (C. Agardh) Kiitzing and C. minima.
The latter differs mainly from the former by its
smaller size (up to 50 mm high in comparison with
several hundreds of millimetres in C. flaccida) and
in having six pericentral cells (instead eight to ten as
in C. flaccida) in the branches bearing tetrasporan-
gia (Stegenga, 1986; Stegenga et al., 1997). More-
over, according to these last authors, C. flaccida
commonly grows on Ecklonia whereas C. minima
grows on Laminaria.

Our specimens usually are between 1 and 3 cm
high, although they can reach up to 10 cm, and they
have six pericentral cells in all branches. Moreover,
in agreement with Stegenga (1986), our taller speci-
mens grew on the stipes of Laminaria, whereas the
others were commonly found on the blade.

In Namibia, C. minima had only been previously
recorded from Walvis Bay (Dinter, 1918) and
Swakopmund (Wynne, 1986). However, according to
Stegenga et al. (1997), this species occurs from Walvis
Bay in Namibia to the southern Cape Peninsula (Buf-
fels Bay). C. flaccida also has been previously record-
ed from Walvis Bay and Swakopmund (Lawson et al.,
1990). Taking into account that the Walvis Bay record
of this species is a former citation based on Tyson
Herbarium material (Delf and Michell, 1921), that
Wynne (1986) do not cite this species but C. minima,
and that some of our specimens could be mistaken, by
size, with C. flaccida, we hold that both species could
have been formerly mistaken in this geographical area.
In this way, we agree with Price et al. (1986) who sug-
gested that a critical revision of the genus Carpoble-
pharis should be carried out.

Although the ecology of Carpoblepharis minima
was restricted to the epiphytism (or partial para-
sitism) on Laminaria (Delf and Michell, 1921;
Wynne, 1986; Stegenga, 1986; Stegenga et al.,
1997) we also have found this species growing (with
endophytic rhizoids) on Chondria capensis.

Genus Centroceras Kiitzing (1841)

Centroceras clavulatum (C. Agardh ) Montagne
(Fig. 116)

Ceramium clavulatum C. Agardh (1822), p. 2.
Centroceras clavulatum (C. Agardh ) Montagne (1846), p. 140.



Selected specimens: 5 km south of Swakopmund, 6-07-1989, BCF-
A 11872, with tetrasporangia; Swakopmund, beach, 8-07-1989,
BCF-A 11398, with tetrasporangia; Terrace Bay, February 1986,
BCF-A 11873, with tetrasporangia; Mowe Bay, Cala Poste, 7-02-
1988, BCF-A 11399; Mowe Bay, Suider Kust, 6-02-1988, BCF-A
11773, with tetrasporangia and carposporangia; Rocky Point, 24-02-
1986, BCF-A 11772, with tetrasporangia; 29 km south of Kunene
river mouth, 22-02-1986, BCF-A 11875, with tetrasporangia.

References: Feldmann-Mazoyer (1940), Baardseth (1941), Homm-
ersand (1963), Dawson (1964), Cordeiro-Marino (1978), Cordero
(1981), Ardré (1987), Lawson and John (1987), Stegenga (1986),
Santelices (1989), Sanson (1991), Adams (1994), Stegenga et al.
(1997).

Habit and vegetative structure: Plant filamen-
tous, fragile, up to 6 cm high, consisting of
branched, uniseriate filaments with incurved
apices; attachment by rhizoidal filaments; branch-
ing usually dichotomous; two small fertile branch-
lets (adventitious branchlets) decussately arranged

FiG. 116. — Centroceras clavulatum. A-B. Cortication and spines in

two filament fragments of the upper half of the plant. C. Cortication

and rhizoids in a filament fragment of the lower half of the plant. D.
Cross section of a filament (internode). Scale bar = 100 um.

often occurring at level of dichotomies; some-
times, branching irregular, opposite or more or
less proliferous; occasionally, specimens with very
open dichotomies. Filaments completely corticate,
140-277 pm in diameter in its middle part and 140-
220 um in the apical zone, without a clear distinc-
tion between nodes and internodes. Nodal zones
slightly increased, more or less funnel-shaped
(especially in tetrasporangial specimens), bearing
one or more spines and sometimes rhizoids; spines
1-2 cells long, 20-80(-92) um in length, arising
from cortical cells and especially abundant in the
apical zone of filaments, in which the abaxial ones
are often more developed and forms a sort of crest;
lower part of filaments often devoid of spines; cor-
tical cells of nodal zones more or less square, 12-
17 x 10-17 pm, becoming rectangular in basipetal
direction. Cortical cells of internodal zones rec-
tangular, (18-)26-56(-77) x 8-18 pm, arranged in
straight longitudinal rows. In the upper zone of the
plant, all cortical cells square and of same size.
Axial cells up to 1300 pm in length in the middle
part of filaments and 140-300 um long in the upper
part. Rhizoidal filaments multicellular, branched,
24-28 um in diameter.

Reproduction: Tetrasporangia tetrahedrally
divided, ovate or pear-shaped, 52-88 x 44-69 um,
placed in whorls in the nodal zones, especially in
adventitious branchlets, exserted, arising from the
pericentral cells. Gonimoblasts 300 um in greater
diameter, composed of 1-3 lobes surrounded by
involucral branchlets; carposporangia 22-48 x 18-34
um. Spermatangia not seen.

Habitat: Epilithic or epiphytic on several algae,
like Corallina sp., Tayloriella tenebrosa, Ahnfeltiop-
sis glomerata, Caulacanthus ustulatus and Chon-
dria capensis. Often growing on Polychaeta tubes.

Namibian distribution: Elizabeth Bay, Liideritz,
Diaz Point (Liideritz area), Swakopmund, Torra
Bay, Terrace Bay, Méwe Bay, Rocky Point (Lawson
et al., 1990); South Kunene (Map 59).

World distribution: Widespread in warm temper-
ate and tropical seas (Lawson and John, 1987).

Genus Ceramium Roth (1797) nom cons.
Key to species of Ceramium:

1. Nodes and internodes differentiated; cortication

INCOMPIELE ...vvvieiieiie e 2
1. Nodes and internodes not differentiated;
cortication COMPIEte........ccvvveevuererveerieeeieeeieenns 6
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2. Cortical cells of the nodal bands invading the
immediately upper internode; nodal upper margin
irregular........ccoeeeeeeecieeiieens C. atrorubescens

2. Cortical cells of the nodal bands not invading the
immediately upper internode; nodes with well

defined Margins..........coceeeeerierieniiennincneeee 3
3. Apices of filaments strongly incurved............... 4
3. Apices of filaments straight or only slightly

INCUIVEd ..ottt 5
4. Tetrasporangia in whorls ................ C. arenarium
4. Tetrasporangia occurring singly or in adaxial

clusters in the nodal bands........... C. diaphanum*

5. Filaments 80-120 um in diameter; internodes
longer than the nodes in the middle part of the
plant; upper nodes with more than two cortical
CeIl TOWS..eeeneiieeeieeeiiecie e C. flaccidum

5. Filaments 100-220 um in diameter; internodes of
same size as nodes in the middle part of the plant;
upper nodes with 2-3 cortical cell rows...............

....................................................... Ceramium sp.

6. Filaments alternately branched, distichous;
tetrasporangia exserted............cceueeenee. C. planum

6. Filaments pseudodichotomously branched, usually
not distichous; tetrasporangia immersed............ 7

7. Dichotomies at a wide angle; tetrasporangia
occurring in a single whorl per node, in
adventitious branchlets.................. C. obsoletum*

7. Dichotomies with a narrow angle; tetrasporangia
occurring in one or more whorls per node of the
MAIN AXES c.vveieeeireeiieeiieniee e eee e C. capense*

* C. diaphanum, C. obsoletum and C. capense
were not observed. More information about the first
taxon can be found in Maggs and Hommersand
(1993). For the other two taxa see Simons (1966)
and Stegenga et al. (1997).

Ceramium arenarium Simons
(Figs. 117-118)

Ceramium arenarium Simons (1966), p. 159.

Selected specimens: Langstrand, 6-07-1989, BCF-A 11876, with
tetrasporangia; 5 km south of Swakopmund, 6-07-1989, BCF-A
11877, with tetrasporangia and spermatangia; Mowe Bay, Cala
Poste, 7-02-1988, BCF-A 11879; Rocky Point, 24-02-1986, BCF-A
11878, with tetrasporangia.

References: Simons (1966), Wynne (1986), Stegenga et al. (1997).
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FiG. 117. — Ceramium arenarium. Mowe Bay, Cala Poste, 7-02-
1988, BCF-A 11879. Scale bar = 200 um.

Habit and vegetative structure: Plant up to 15
mm high, consisting of uniseriate, incompletely cor-
ticate, branched filaments, 160-260 um in diameter
in its middle part, attached by rhizoidal filaments.
Branching dichotomous at base, pseudodichoto-
mous or alternate and more or less distichous in the
upper half of the plant, often with 1-2 adventitious
branchlets at dichotomies; last order branches 80-
100 pym in diameter; apices of filaments strongly
incurved. Nodes and internodes clearly differentiat-
ed along whole the plant; internodes very short (lin-
ear) in the basal and apical regions of the plant, and
almost as long as the nodes in the middle part of fil-
aments; nodes 0.3-0.6 times longer than broad. Cor-
tical cells polygonal with rounded angles, 8-24 x 6-
16 um, loosely arranged; pericentral cells ovoid or
subspherical in surface view, 26-40 x 20-28 pm,
often visible in the centre of nodes; in cross section,
nodes with 7-8 pericentral cells. Rhizoids multicel-
lular, branched, arising from cortical cells.

Reproduction: Tetrasporangia cruciately divided,
ovate, 56-64 x 40-52 um, occurring in a single whorl



FiG. 118. — Ceramium arenarium. A. Fragment of the plant with one
gonimoblast. B. Cortication in the median part of the plant. C. Cross
section of a filament (node). Scale bar = 100 pm.

per node in the nodes of the upper part of the plant,
somewhat exserted. Plant dioecious. Gonimoblasts
globose, surrounded by involucral branchlets with
forcipate apices; gonimoblasts composed of two
lobes, a small and compact basal lobe, 140 x 100
um, with carposporangia 16-24 x 12-16 um, and a
large, more loose upper lobe, 200-300 x 220-240
um, with carposporangia 32-40 x 24-32 um. Sper-
matangia 2-4 um in diameter in surface view, cover-
ing the nodes of last order branches; in cross section,
spermatangia more or less club-shaped, 5-6 x 3-4
um, arising from cortical cells.

Habitat: Epiphyte on several algae, like Codium
fragile subsp. capense, Pterosiphonia complanata,
Chondria capensis, Centroceras clavulatum and
Plocamium rigidum.

Namibian distribution: Lideritz, Swakopmund
(Lawson et al., 1990); Langstrand, Mowe Bay,
Rocky Point (Map 60).

World distribution: Atlantic Ocean: South Africa,
Namibia (Stegenga et al., 1997). Indian Ocean:
South Africa (Silva et al., 1996).

Remarks: Ceramium arenarium was described
by Simons (1966) on the basis of material from the
west coast of South Africa. Subsequently, this
species has been recorded from the South African
east coast (Anderson and Stegenga, 1989) and from
Swakopmund in Namibia (Wynne, 1986).

Our material is compatible with the Ceramium
arenarium iconography and descriptions consulted.
According to Simons (1966) and Wynne (1986), the
near contiguity of nodes in the distal part of the
plant, the strongly circinate apices, the pericentral
cells centred in the nodes, and the partially exerted
and verticillate arranged tetrasporangia characterize
this species.

Ceramium atrorubescens Kylin
(Figs. 119-120)

Ceramium atrorubescens Kylin (1938), p. 15.

Selected specimens: Langstrand, 6-07-1989, BCF-A 11400, with
tetrasporangia and carposporangia; 5 km south of Swakopmund, 7-
07-1989, BCF-A 11401, with tetrasporangia and carposporangia;
Swakopmund, beach, 8-07-1989, BCF-A 11402, with tetrasporan-
gia and carposporangia; Terrace Bay, February 1986, BCF-A
11874, with carposporangia; Mowe Bay, 4-02-1988, BCF-A 11767,
with tetrasporangia and carposporangia; Mowe Bay, Cala Poste, 7-
02-1988, BCF-A 11768, with tetrasporangia; Mowe Bay, Suider
Kust, 6-02-1988, BCF-A 11769, with carposporangia; Rocky Point,
24-02-1986, BCF-A 11880.

References: Kylin (1938), Simons (1966), Wynne (1986), Sanson
(1991, 1994), Stegenga et al. (1997).

Habit and vegetative structure: Plant up to 7 cm
high, consisting of uniseriate, branched filaments
240-500 um in diameter in its middle part, attached
to the substratum by rhizoids. Branching dichoto-
mous in the lower half of the plant and pseudodi-
chotomous in the upper part, with adaxial adventi-
tious branchlets often fertile in the dichotomies;
adventitious branchlets sometimes numerous, giving
to the plant a proliferous aspect; last order branches
100-200 pm in diameter; apices of filaments
incurved. Cortication mainly acropetal; internodes
invaded by the cortical cells of the node immediate-
ly below; lower part of filaments almost completely
corticated; middle and upper parts of filaments with
nodes and internodes more or less differentiated.
Nodes of the middle part of filaments usually with a
straight proximal margin and an irregular distal mar-
gin; well delimited nodes and scarcely invaded
internodes occurring occasionally in some fila-
ments; exceptionally, basipetal cortication relatively
important; internodes 1-2 times longer than the
nodes, but sometimes shorter; axes often constricted
at lower nodal margins. Upper part of the plant with
well defined nodes and very short internodes. Corti-
cal cells of the nodes polygonal with rounded
angles, 8-18 x 6-12 pm, usually arranged in small
groups; cells that invade the internodes, elongated,
12-30(-58) x 8-12 pm; pericentral cells usually
obscured. Rhizoidal filaments multicellular, simple

MARINE BENTHIC ALGAE OF NAMIBIA 115



Fic. 119. — Ceramium atrorubescens. Langstrand, 6-07-1989, BCF-A 11400. A. Apical zone of the plant. B. Adventitious branchlets in the
dichotomies. C. Cortication in the lower half of the plant. D. Detail of cortication in the median part of the plant. E. Branches with
tetrasporangia. F. Branches with gonimoblasts. Scale bar = 200 pm.

or branched, 16-36 um in diameter, arising from cor-
tical cells. In cross section, nodes with 8 ovate or
elliptic pericentral cells, 72-80 x 48-56 um.
Reproduction: Tetrasporangia cruciate or decus-
sate, elliptic, 48-76 x 40-56 um, occurring in a sin-
gle whorl per node, partly or completely covered by
the cortical cells. Gonimoblasts globose, (150-)200-
300 um in diameter, usually composed of two lobes
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and surrounded by involucral branchlets with the
apices often incurved; carposporangia rounded,
elongated or more or less triangular, 24-68 x 20-44
um. Spermatangia not seen.

Habitat: Epiphyte on several algae, especially on
Codium fragile subsp. capense and Centroceras
clavulatum, in the lower eulittoral and the upper
sublittoral zones; also in tide pools.
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FiG. 120. — Ceramium atrorubescens. A. Cross section of a filament
through a node. B. Longitudinal section of a filament through a
node. Scale bar = 50 um.

Namibian distribution: Liideritz, Walvis Bay,
Swakopmund, Unjab, Terrace Bay (Lawson et al.,
1990); Langstrand, Mowe Bay, Rocky Point (Map 61).

World distribution: Atlantic Ocean: South Africa,
Namibia, Canary Islands (Sansén, 1994).

Remarks: Simons (1966) and Sansén (1994)
remarked that Ceramium atrorubescens is similar to
both C. circinatum (Kiitzing) J. Agardh and C. are-
narium, and pointed out some features which distin-
guish C. atrorubescens from the other two species.
C. circinatum occurs in the North Atlantic and in the
Mediterranean Sea (Sansén, 1991) and has a corti-
cation similar but inverse to that of C.
atrorubescens, that is, mainly basipetal in the former
species and basically acropetal in the latter. Con-
cerning C. arenarium, Simons (1966) and Sansén
(1994) pointed out that this species differs from C.
atrorubescens in having circinate apices, pericentral
cells centred in the nodes, continuous cortication in
the upper part of the plant, numerous rhizoids along
the axes, and partially exerted tetrasporangia. These
differences are not so clear in our material. The
more distinctive feature of our specimens is the pres-
ence, usually in the middle part of the plant, of
internodes invaded by cortical cells coming from the
node immediately below. In contrast, the apex mor-
phology (perhaps not so notably circinate as in C.
arenarium), the cortication in the upper part of the
plant, the abundance of rhizoids, and the arrange-
ment of the tetrasporangia do not distinguish clearly
both species. For this reason, it is often difficult to
determine incomplete specimens. On the other hand,
Sanson (1994) also mentioned the occurrence of
hyaline hairs in Canary material of C.
atrorubescens. In contrast, these structures do not
occur either in South African nor Namibian speci-
mens of this species, probably due to the high nutri-

ent richness of the waters in this region as a result of
the upwelling. According to Price et al. (1986)
research concerning these three species should be
carried out in order to clarify its taxonomy.

Finally, concerning the cortication type, C.
atrorubescens is also quite similar to C. recissum
Kylin, a species recorded by Coppejans (1995) from
the Atlantic coasts of France and Belgium.

Ceramium flaccidum (Kiitzing) Ardissone
(Figs. 121-122)

Hormoceras fl