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Although there are a num ber o f records o f recently introduced marine animals in South African waters, there has never 
been good evidence o f a seaweed introduction. Schimmelmannia elegans, a red alga previously only known from Tristan 
da Cunha and Nightingale Island, is reported for the first time for South Africa. The plants were found growing in the Kelp 
Tank o f the Two Oceans Aquarium in Cape Town. The m orphology and reproduction o f the specimens are described in 
detail and agree in all aspects with the original account o f S. elegans. Several hypotheses on the arrival o f this newcomer 
along the South African coast are discussed: previously overlooked, present as a  different life history stage, or recently 
introduced. O f these, recent introduction seems the most plausible. In this context, the spread and potential ecological 
significance o f an introduced seaweed species are discussed.

IN T R O D U C T IO N

One of the main attractions o f the Two Oceans public aquar
ium in the Cape Town W aterfront development is a 6 m deep 
‘Kelp Tank’. During a survey o f the marine benthic algae and 
associated fauna o f this tank by one of us (D.R.-A.), a species 
that was previously unknown in South Africa was collected. 
Close examination revealed that the specimens under consid
eration belonged to the red algal genus Schimmelmannia 
Schousboe ex Kiitzing (Gloiosiphoniaceae, Gigartinales). The 
latter, at present, contains six species: S. schousboei (J. 
Agardh) J. Agardh (1851) from the north-east Atlantic Ocean 
and the Mediterranean Sea; S. bollei M ontagne (1857) from 
the Cape Verde Islands; S. frauenfeldii Grunow (1867) from 
St Paul Island; S. elegans Baardscth (1941) from Tristan da 
Cunha and Nightingale Island; S. plumosa  (Setchell) I.A. A b
bott (1961) from the North Pacific Ocean (Japan, California); 
and S. dawsonii Acleto (1972) from Peru. Species are mainly 
distinguished by differences in the overall habit, their mode 
of branching, and the texture.

Schimmelmannia  belongs to Gloiosiphoniaceae, a small red 
algal family related to the Dumontiaceae and the Weeksiaceae 
but distinguished from them primarily by the position of the 
carpogonial branch in relation to the auxiliary cell (Kylin 
1930, 1956; Abbott 1968; Lee & Yoo 1979). At present, the 
Gloiosiphoniaceae contains five genera: Gloeophycus I.K. Lee 
& S.A. Yoo (1979), Gloiosiphonia Carmichael in Berkeley 
(1833), Peleophycus I.A. Abbott (1984), Schimmelmannia 
Schousboe ex  Kiitzing (1849), and Thuretella F. Schmitz in 
Schmitz & Hauptfleisch (1897). The placement o f a possible 
sixth genus. Plagiospora Kuckuck (1897), in the Gloiosi
phoniaceae family was originally proposed by Irvine (1983). 
The taxonomic affinities o f Plagiospora  remain poorly under
stood, however, and Maggs (1990) advocated that it might 
best be placed in its own family in the Gigartinales. As far as
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is known, genera o f the Gloiosiphoniaceae exhibit a hetero- 
morphic life history, with an erect sexual phase and a crustose 
tetrasporic phase (West & Hommersand 1981). Gloiosiphonia 
is indeed the only genus in the family for which it has been 
clearly demonstrated that the life history involves a crustose 
tetrasporic phase and an erect gametophytic phase (Edelstein 
1970; Edelstein & M cLachlan 1971). A crustose phase is pre
sumed for the other genera but has never been observed. So 
as far as Gloiosiphonia  is concerned, both phases, erect and 
crustose, are known. For Gloeophycus, Peleophycus, and 
Thuretella, tetrasporophytes remain unknown. Chihara (1972) 
made an attempt to study the life cycle o f S. plumosa. Ger
minating carpospores produced a crustose Hymenoclonium- 
like phase (see also, DeCew & West 1982), which, after sev
eral months, gave rise to minute erect thalli that were similar 
in morphology to the gametophytic phase. Unfortunately, the 
thalli did not become fertile. However, Chihara hypothesized 
that Schimmelmannia  is characterized by a life history in 
which gametophytes are produced directly from a diploid 
crust. This situation is reported, but not well understood, in 
several red algae (Hawkes 1990). In the absence o f karyolog- 
ical data, it is difficult to interpret Chihara’s observations, and 
additional studies are needed to confirm the direct life cycle 
in Schimmelmannia.

In this paper, we report S. elegans for the first time for 
South Africa. A detailed description of the species is provided 
because the reproductive anatomy was not described in detail 
by Baardseth (1941). In addition, initial stages o f the devel
opment o f the presumed tetrasporangial phase were observed 
in the culture. Finally, the presence o f the alga in the harbour 
of Cape Town is discussed in relation to the hypothesis that 
it is a recent introduction.

M A T E R IA L  AND M E T H O D S

Specimens were collected in the Kelp Tank of the Two Oceans 
Aquarium, Cape Town, and transferred directly to the labo
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ratory. Voucher specimens (leg. O. De Clerck, 03/05/200, 
ODC 860) are deposited in BOL (Bolus Herbarium, Botany 
Department, University o f Cape Town) and GENT (Herbari
um, Biology Department, Ghent University). Fragments of 
plants were mounted on glass slides in a solution o f 1% ani
line blue, 3% 1 N HC1, 50% Karo* corn syrup, and 46% water. 
In order to observe the tetrasporophyte generation, carpo- 
spores were inoculated on glass slides and grown at 15°C un
der cool white light (15-20  pm ol m~2 s ' 1; 16 :8  h light-dark) 
in half-strength Provasoli’s enriched sea water medium, as de
scribed by Bold & Wynne (1978).

RESU LTS

D escription

Plants grow up to 120 cm tali and are characterized by a soft 
but not gelatinous texture (Fig. 1). Several axes develop from 
a crustose holdfast (Fig. 2). The axes are strongly compressed 
in the middle and apical parts o f the thallus, but towards the 
base they are subterete (Fig. 8). Branching is strictly pinnate 
in the entire thallus. The pinnae are lanceolate (200-450  pm 
wide, 2 -5  mm long) and are either unbranched or pinnately 
branched. Branching of the pinnae is mainly restricted to the 
lower half o f the branchlets and often predominantly on the 
adaxial side, giving the pinnae a secund aspect (Figs 3-7). 
The initial branching pattern of the pinnae is most easily seen 
in distal portions of the thallus; in the lower part o f the thallus, 
the branching pattern is somewhat obscured by damaged pin
nae, which form adventitious branchlets. The primary axes do 
not form side axes or branch only once (rarely twice); as a 
result o f damage, an axis may give rise to four or five newly 
developing axes. The colour is a deep wine-red.

The thallus is uniaxial and has a prominent apical cell, 
which divides obliquely to form an axial filament (Fig. 9). 
Each axial cell cuts off five periaxial cells. The first periaxial 
cell is always formed laterally (switching 180° between suc
cessive segments). The second is formed in a lateral position, 
opposite the first periaxial cell, and the third periaxial cell is 
formed in a similar position but on the opposite side o f the 
axial cell. The fourth and fifth periaxial cells are formed be
tween the first and second and between the first and third, 
respectively. The pinnae are invariably formed by the first 
periaxial cell. The compressed nature o f the axes is the result 
o f an unequal development o f the periaxial cells, the lateral 
cells developing more than the transverse ones. The axial fil
ament is only noticeable in the apical parts o f the thallus, and 
is soon obscured by the formation of descending rhizoidal 
filaments originating from the lower cells o f the lateral fila
ments.

Gametophytic thalli are dioecious. Carpogonial and auxil
iary branches are borne on the same supporting cell, which is 
an accessory cell on the abaxial surface of a lateral periaxial 
in the ultimate branchlets (Figs 10, 15-17).

Generally, the procarps are borne by the first-formed per
iaxial cells, which results in a longitudinal series o f gonimob- 
lasts alternately to the left and right of an axis. Sometimes a 
procarp is also formed on any one o f the periaxial cells op
posite the first-formed periaxial cell. As a rule, however, only 
a single gonimoblast develops per segment (Fig. 10). The car

pogonial branch is curved and invariably four cells long. 1 
terminal carpogonium is small and conical. The trichogyne 
short and strongly constricted at its junction with the caq 
gonium. The hypogynous cell (the cell below the carpogo 
um) is distinctively larger than any other cell in the car| 
gonial branch. The auxiliary cell branch is four to six ce 
long and bears a terminal auxiliary cell, which is larger tf 
the other cells. After presumed fertilization, the carpogonii 
undergoes two transverse divisions. The middle one o f I 
resulting three cells fuses directly with the auxiliary cell (F 
16). Following this, the enlarged auxiliary cell cuts off a g< 
imoblast initial (Fig. 17). After fertilization, the auxiliary ce 
swell and become densely protoplasmic. The pit connectie 
also enlarge considerably. Little change is noted in the ce 
o f the carpogonial branch. The gonimoblast is naked and 
most all o f its cells are converted to carposporangia (12- 
|un  in diameter).

Spermatangia are formed in superficial sori, which co’ 
most o f the pinnae. Superficial cells cut off two or three sp 
matangial mother cells, which cut off two or three spermat: 
gia (2 -4  pm  in diameter) by oblique septa (Fig. 11). Carj 
spores germinate unidirectionally on cover slips to form i 
¡seriate prostrate adherent filaments. Germination is char: 
terized by the formation o f a  germ tube. The filaments rem: 
unbranched at first, but later a  subapical cell, or a cell at gre 
er distance below the apex, cuts off two lenticular cells, whi 
are the initials o f lateral filaments (Fig. 12). Lateral fílame 
develop in the same way as the principal filament. We ( 
served that several germinating carpospores could give rise 
an openly branched web (Fig. 13), which gradually becai 
pseudoparenchymatous by the production of additional late 
filaments. After four weeks, the crusts became polystroma 
(Fig. 14), but then they ceased to grow and eventually dii 
without the production of tetraspores or an erect thallus.

Ecology

The plants only grow at two places in the Kelp Tank o f I 
Two Oceans Aquarium in Cape Town, viz. an inlet pipe tl 
continuously spouts water at great velocity in the tank and 
a wall next to a plunging device, which generates wave acti 
in the tank. At both places, Schimmelmannia was found gro 
ing just below the surface. A third group of plants was < 
served growing outside the aquarium, on a ledge onto whi 
the outlet from the aquarium is discharged. These plants wi 
growing above the maximum water level in the harbour, 1 
under a constant stream of falling water. They were not ferti 
and only <  5 cm tail. In contrast, all specimens collected 
the Kelp Tank were fertile, with each female plant beari 
hundreds o f gonimoblasts.

D ISCU SSIO N

Taxonom y

A compressed thallus in which the central axis is only clea 
noticeable in the apical parts o f the thallus and an obliqui 
dividing apical cell are characteristic for the genus Schi 
melmannia  and preclude possible confusion with other gen< 
belonging to the Gloiosiphoniaceae (Abbott 1961, 1984; I 
& Yoo 1979). The combination of a procarp in which i
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Figs 1-17. Abbreviations, ae =  axial cell; aux =  auxiliary cell; cp =  carpogonium; cc =  connecting cell; hy =  hypogynous cell; stc =  sterile 
cell; su =  supporting cell; tr =  trichogyne.
Figs 1-14. Schimmelmannia elegans.

Fig. 1. Habit o f a m edium-sized specimen collected in the Kelp Tank o f the Two Oceans Aquarium  (ODC 860).
Fig. 2. Detail o f  the crustose base giving rise to several erect axes.
Fig. 3. Pinnate branching in the distal parts o f the thallus, with the pinnae still unbranched.
Figs 4 -7 . Branching in the m iddle and lower parts o f  thallus, ranging from bipinnate (often secund) to irregular.
Fig. 8. Transverse section o f the main axes near the base.
Fig. 9. Detail o f  an apex.
Fig. 10. Detail o f terminal branchlets, each bearing several mature gonimoblasts.
Fig. 11. Detail o f spermatangia.
Fig. 12. Young stage in the crustose phase o f S. elegans.
Fig. 13. Several germinating carpospores coalescing to form an open network.
Fig. 14. Older portions o f the crustose phase, which become multilayered.
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Figs 15-17. Female reproductive structures o f S. elegans.
Fig. 15. A mature procarp with a carpogonial branch (four-celled) and auxiliary branch (five-celled) attached to the supporting cell. Note 
sterile cell attached to the supporting cell.
Fig. 16. A procarp just after fertilization, showing a connecting cell that has fused with the auxiliary cell. Note the enlarged cells and 
connections o f the auxiliary branch and sterile cell.
Fig. 17. A young gonimoblast, showing the fusion of the connecting cell with the auxiliary cell, the primary gonimoblast initial, and sev< 
clusters o f carposporangia.

auxiliary cell is in a terminal position and a four- to six-celled 
auxiliary branch is a another characteristic only found in 
Schimmelmannia. Species o f Schimmelmannia  are distin
guished mainly on the basis o f the branching pattern, texture, 
and size o f the thallus (Mazza 1913; Baardseth 1941; Acleto 
1972). Schimmelmannia bollei, S. dawsonii, and S. plumosa 
are characterized by a tri- to quadripinnate thallus. Only S. 
elegans and S. frauenfeldii have a bipinnate thallus. According 
to Baardseth, S. elegans differs from S. frauenfeldii in its less 
rigid texture and in the shape of the pinnae. The specimens 
collected in Cape Town agree extremely well with Baardseth’s 
(1941) account o f S. elegans and are considered to be con- 
specific with the alga from Tristan da Cunha.

The reproductive morphology o f three species of Schim
melmannia  has been dealt with in detail: S. dawsonii (Acleto 
1972), S. schousboei (Kylin 1930, as S. ornata Schoesboe ex 
Kiitzing), and S. plum osa  (Segawa 1938, as Baylesia plumosa 
Setchell; Abbott 1961). The observations on S. elegans re
ported in this paper are largely in agreement with the previous 
accounts. As in the report on 5. schousboei by Kylin (1930) 
and S. plum osa  by Segawa (1938), a small variation was no
ticed in the number of cells in the auxiliary branch, which 
ranges from four to six cells. The number of cells in the car
pogonial branch, however, seems to be fixed in S. elegans, 
contrary to S. plum osa  and S. schousboei, where the length 
varies between four and six cells. According to our observa
tions, the supporting cell often bears a single sterile lateral 
cell next to the carpogonial and auxiliary branch. So far, a 
sterile lateral cell on the supporting cell has not been reported 
in any species o f Schimmelmannia. Kylin (1930) noticed some 
variation in the position o f the supporting cell, which can be 
the first or second cell o f a filament that is itself borne abax- 
ially on a periaxial cell. In S. elegans, the supporting cell is 
always directly attached to the periaxial cell.

In troduced  o r  overlooked?

So far, S. elegans has only been found in the Two Oce: 
Aquarium and growing below an outlet pipe where water fr< 
the aquarium is pumped into the harbour. No records exist 
S. elegans on the coast o f South Africa. The chance that l 
species has simply been overlooked in the field is small, c< 
sidering its size (up to 120 cm tail) and its ecology. Pia 
were found growing at water level in the aquarium, a 
Baardseth (1941) reported the species from the intertidal 
well as the subtidal (to a depth o f 10 m). Furthermore, I 
west coast o f South Africa, and especially the Cape To' 
area, has been extensively surveyed (Stegenga et al. 19( 
Bolton 1999). Therefore, it can be concluded that the er 
gametophytic phase most probably does not occur on I 
shores o f South Africa.

There is, however, a possibility that the alga is present alo 
the South African coast, but only in the crustose form. Cn 
tose growth forms have several survival advantages o' 
erect, fleshy growth forms (such as large reserves of stort 
materials and resistance to mechanical damage and grazit 
and are generally considered to be a more resistant pha 
which enables species to overcome stress periods (Sloci 
1980). Furthermore, tetrasporic crusts are able to recy 
themselves by means o f apomixis (DcCew et al. 1982; Gu 
& West 1984; Maggs 1988), which could explain the abser 
o f the gametophytic generation for long periods of time. II 
unlikely that even this phase is present, however, becai 
crustose growth forms have received much attention along i 
South African west coast (Anderson & Stegenga 1985; A 
derson et al. 1988; Anderson & Bolton 1990; Stegenga et 
1997); for most species with a heteromorphic life cycle, b< 
phases have been accurately described. It is therefore sign 
cant that the typical crustose growth form of Schimmelmann
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as described by Chihara (1972) and in this paper, has not been 
found in nature along the South African coast.

Chihara (1972) observed a direct life cycle in Schimmel
mannia, whereby carpospores grow into a crust that gives rise 
directly to a new gametophyte generation growing on the 
crust. These observations, however, were not supported by 
karyological data that would corroborate a direct life cycle. A 
possibility remains that tetrasporangia (or any other sort of 
meiosporangia) might have been formed in the crustose 
growth form and have germinated in situ. Such a phenomenon 
could easily be interpreted as a direct life cycle (Cortel-Bree- 
man 1975). To further complicate the situation, both modes 
o f development, a direct life cycle and in situ germination of 
meiosporangia, can occur in certain species, as has been 
shown convincingly for Bonnemaisonia asparagoides (Wood
ward) C. Agardh (Cortel-Breeman 1975; Rueness & Asen 
1982). It is clear that a detailed study on the life cycle of 
Schimmelmannia, including karyological data, is needed to 
clarify this situation. If a direct life cycle is characteristic for 
S. elegans in South Africa, the macroscopic gametophytic 
phase should be a lot more abundant along the coast and tet
rasporic crusts entirely absent. The presence o f Schimmel
mannia  as a crust in South Africa, therefore, becomes less 
likely, but cannot be excluded.

To us, the most probable explanation for the occurrence of 
Schimmelmannia in Cape Town is that it is a recent introduc
tion. There have been a number of well-recorded invasions of 
marine animals into South African waters, with some o f them, 
notably the European shore crab (Carcinus maenas) and the 
Mediterranean mussel (Mytilus galloprovincialis), being eco
logically important (Griffiths et al. 1992). Contrary to other 
cold or cool temperate regions (e.g. Australia, Mediterranean 
Sea, Pacific America), there have been no documented cases 
o f recent seaweed introductions into South Africa. However, 
some algae that are present along the South African west coast 
may have been introduced in the recent past, especially A n
tithamnionella spirographidis (Schiffner) Wollaston and A. 
ternifolia (J.D. Hooker & Harvey) Lyle, which are both wide
spread species on a worldwide scale and are successful exotics 
in many parts of the world (Maggs & Stegenga 1999); but no 
historical data exist on the presence o f these species along the 
South African coast. A single specimen of Bonnemaisonia 
hamifera Hariot was found in the drift at Strandfontein by 
Mary Pocock in 1938 (Stegenga et al. 1997). Apparently, this 
notorious invader, thought to have been introduced from Japan 
(Maggs & Stegenga 1999), failed to establish a population and 
has not been found since.

The proposed carrying agents or ‘vectors’ for seaweeds are 
many and include ship fouling (Antithamnionella  Lyle spp.: 
Maggs & Hommersand 1993), shellfish packaging [Sargassum 
muticum  (Yendo) Fensholt: Scagel 1956], oil-rigs (Laminaria 
J.V. Lamouroux spp.: Moss et al. 1981), spore dispersal in 
ballast water (Carlton 1985), anchors, fishing nets, and aquar
ium escapes [Caulerpa taxifolia  (Vahl) C. Agardh: Meinesz 
et al. 1993; M einesz 1999]. All o f the organisms in the Two 
Ocean Aquarium Kelp Tank were collected from local waters. 
The sea water, however, is pumped into the tank from a sub
merged inlet in the harbour. The inlet pipe is in the same 
harbour basin where a number of fishing vessels dock, in
cluding some that fish for rock lobster off Tristan da Cunha. 
Fragments o f gametophytes, crusts, or spores may have been

transported to Cape Town in ballast water, discharged into the 
harbour, and pumped thence into the aquarium system. A 
SCUBA search, however, revealed no evidence of attached 
erect or crustose plants within a e .  10 m radius o f the inlet 
pipe. It is likely that discharge water from the aquarium has 
carried spores or plant fragments into the harbour because 
small plants have become established below the outlet, but at 
the moment plants are restricted to a ledge in the ‘splash’ from 
the outlet, and none occur at or below the water level. The 
basin into which the outlet pipe discharges is turbid and prob
ably somewhat stagnant, and only macroalgae typical o f such 
habitats (e.g. Ulva Linnaeus, Bryopsis J.V. Lamouroux) are 
found there.

T he fu tu re  of S. elegans in  South  A frica

In recent years, there has been an increasing awareness of the 
occurrence o f introduced species around the world (Boudour- 
esque et al. 1994; Carlton 1996; Farnham 1997; Jousson et 
al. 2000). Several conditions are required for the successful 
establishment o f a newly arrived alien. Firstly, the dispersal 
stage must survive transit from one country to another, and 
the newcomer must establish a viable population; both have 
been achieved by S. elegans. Secondly, the ecological condi
tions need to be sim ilar to the original habitat. Baardseth 
(1941) reports that, on Tristan da Cunha, S. elegans grows 
from the low water level to a depth of 10 m and is usually 
associated with boulders or kelp beds (Baardseth 1941). These 
habitats are common along the South African west coast. The 
main factor lim iting the geographical distribution of seaweeds 
is sea water temperature (van den Hoek 1984; Lüning 1990). 
Annual average sea water temperatures along the South Af
rican west coast are 12-13.5°C, and there is a small range 
between the highest monthly means (13-14.6°C) and the low
est monthly means (11.5-12.5°C) (Bolton & Anderson 1990; 
Stegenga et al. 1997). Temperatures in the nearby False Bay, 
which is large and enclosed, are warmer, with summer month
ly means o f 18-19°C and w inter monthly means of 12-14°C. 
Baardseth (1941) reported sea water temperatures for Tristan 
da Cunha o f 12-14°C in winter and 14.8-20°C in summer. 
Thus, although the temperature tolerances o f S. elegans have 
not been studied in culture, it is likely that the species could 
become established on the west coast o f South Africa, espe
cially the False Bay area, with its well-developed kelp vege
tation and slightly higher average sea water temperatures. A 
careful examination o f long stretches o f the harbour wall, 
from 0 -2  m depth, in several basins in Cape Town harbour 
failed to locate any S. elegans. Furthermore, in all basins ad
jacent to the Two Oceans Aquarium, the water is turbid and 
all hard substrata deeper than about 3 m are covered in fine 
sediment, so that macrophytes are confined to the upper 1—2 
m. The fact that S. elegans is o f extremely limited occurrence 
in the Kelp Tank, being restricted to areas where water move
ment is greatest, suggests that it may only grow in relatively 
high-energy environm ents, and this may prevent it from 
spreading out o f the harbour. The future success of this species 
and the resulting impact on native ecosystems will depend on 
multiple factors (competition with other species, presence of 
potential grazers, ecological conditions, dispersal mecha
nisms, etc.) and is, therefore, extremely difficult to predict.
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