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ABSTRACT

Four species of carrageenophytes were surveyed to determine the harvestable biomass of
populations, between the areas of Cape Columbine and Cape Agulhas, in the southern Western
Cape Province, South Africa. Three species, Aeodes orbitosa, Gigartina polycarpa and
Sarcothalia stiriata occur in sufficient quantities to be harvested, with summer fresh weight
standing stocks of 193.5, 154 and 104 tons respectively. The summer standing stock of
Mazzaella capensis (33.5 tons) was too low to warrant exploitation, as was the winter standing
stock (10 tons) of A. orbitosa. Biomass of G. polycarpa and §. stiriata fluctuated seasonally,
being maximum (2.9 and 3.0 kg.m™ respectively) in summer and minimum (0.8 and 1.2
kg.m™ respectively) in winter although seasonal data were not statistically different. The lower
biomass of these two species during winter may limit their harvesting potential during that
season, The mean carrageenan content (as percentage of dry weight) of G. polycarpa and S.
stiriata was 44-49% (gametophytes) and 39-41% (tetrasporophytes). The estimated
carrageenan yield from a summer harvest of A. orbitosa, G. polycarpa and S. stiriata would
be approximately 29.3 tons.

Demographic parameters of phenology, plant density and fertility of intertidal populations of
Gigartina polycarpa and Sarcothalia stiriata were investigated. Life-history phases were
present in the ratio of 0.9:0.9:1.1 and 2.8:2.5:1 male gametophyte : female gametophyte :
tetrasporophyte respectively for G. polycarpa and S. stiriata, with no clear seasonal variation.
Juveniles not identifiable to species were numerically dominant, with no apparent seasonal
recruitment pattern. Recruitment data for identifiable juveniles of S. stiriata and G. polycarpa
were similarly variable. It is likely that vegetative regrowth provides a significant portion of
new plant biomass. Female gametophytes of S. stiriata displayed a significant seasonal pattern
of reproductive weight of fertile plants with a summer maximum, implying that the following
winter's macroscopic sporelings are the progeny of a summer spore release. No seasonal
pattern of reproductive weight of fertile plants was apparent in any phase of G. polycarpa or
in male gametophytes of 5. stiriata. Fertile material accounts for significantly more biomass
in gametophytes as opposed to tetrasporophytes in both G. polycarpa and S. stiriata.
Populations of both species were gametophyte dominated, differential spore survival and/or

regrowth of existing plants from perennial holdfasts probably favouring the gametophyte.




The seasonal growth rates of Gigartina polycarpa and Sarcothalia stiriata were also
investigated. G. polycarpa displayed a summer maximum and a winter minimum in growth
rate, whereas a spring maximum and autumn minimum was apparent in S. stiriata. In G.
polycarpa, these seasonal patterns correlated reasonably well with seasonal biomass
observations, with little or no lag between the two. In S. stiriata maximal biomass lagged
behind maximal growth, possibly as a result of greater wave action in the habitat occupied by
this species.

The effects of different conditions of wave exposure in adjacent stands of Gigartina polycarpa
and Sarcothalia stiriata were tested by transplanting the different life-history phases during
spring/summer and winter. Female gametophytes and tetrasporophytes of G. polycarpa and
female gametophytes of §. stiriata were transplanted to areas of greater wave action, whereas
tetrasporophytes of S. stiriata were transplanted to less exposed areas. Spring/summer
transplants of female gametophytes of G. polycarpa displayed enhanced growth rates, whereas
the growth rate of tetrasporophytes transplanted during this period was reduced. No differences
in growth rate were evident in winter transplants of G. polycarpa female gametophytes and
tetrasporophytes. Reduced growth rates were also apparent in spring/summer transplants of S.
stiriata female gametophytes, whereas growth of winter transplants was unchanged. Increased
growth was apparent in transplants of S. stiriata tetrasporophytes in both winter and
spring/summer. Enhanced growth rates are possibly the result of a more favourable
environment after transplanting. Reduced growth rates of winter transplants are most likely the
result of physical damage arising from increased hydrodynamic forces, such damage being
clearly visible.

Drag coefficients of both Gigartina polycarpa and Sarcothalia stiriata decreased with
increasing water velocity. In both species, drag coefficients of tetrasporophytes were lower
than male and female gametophytes. The two species responded differently to increased
hydrodynamic forces, these responses being both morphological and physical. Both G.
polycarpa and §. stiriata displayed evidence of streamlining to reduce hydrodynamic loading,
it being possible that G. polycarpa is adapted to survive in different hydrodynamic habitats
through morphological plasticity. Differential spore survival as a response to wave action is
also a possible factor affecting the distribution of these species on exposed and sheltered

shores.




Commercial harvesting ot Gigartina polycarpa and Sarcothalia stiriata is a likely prospect,
with a consequent requirement for ecological information for use in the formulation of rational
harvesting practices. Field experiments indicate that harvesting of these two species would be
most economically and ecologically viable at four-monthly intervals. This harvesting interval
results in 2 maximum vyield per harvest of 0.73 and 3.01kg.m™ respectively, with no negative
effects on the amount of fertile frond material (i.e. reproductive capacity) over a one-year
period. The method of harvesting has a major effect on regeneration, harvesting by cutting
yielding on average 80% less material than the use of hand-plucking. Hand-plucking has little
or no effect on the phenological composition of subsequent harvests. Patch stability is
characteristic of harvested stands of G. polycarpa and §. stiriata, changes in species diversity
after disturbance being of short-term duration (< 1yr). Removal of grazing pressure by limpets
promotes interspecific algal competition, and allows the invasion of opportunistic species in
floristically-disturbed localities. Recovery to a community state similar to that observed before
disturbance takes place within a year.

Vegetative development of germlings produced from carpospores and tetraspores of Gigartina
polycarpa and Sarcothalia stiriata were studied in vitro under a range of light and temperature
conditions, and the results related to the natural environment over the range of ditribution of
the two species.

Initial vegetative growth of carpospore and tetraspore germlings of both species was light
saturated at 50umol.m?.s™, germlings persisting for at least five weeks at 0.5umol.m?.s™. It
is concluded that germlings of both species are adapted to survive transient periods of near-
darkness and to grow under low irradiances typical of the eulittoral understorey.

Germlings of Sarcothalia stiriata survive temperatures of 5-15°C but not 0° or 20°C, with a
growth peak at 15°C, typical of cold-temperate species. In contrast, germlings of Gigartina
polycarpa display temperature tolerances consistent with warm-temperate species, surviving
in the range 5-20°C (dying at 0° and 25°C), with a broad growth peak of 15-20°C.
Gametophyte dominance of mature populations of either species cannot be attributed to
differential spore survival resulting from differing light and temperature tolerances of
carpospore and tetraspore germlings, these being non-significant within each species.
However, differential spore release is a possible factor, in vitro release of tetraspores being

easier to stimulate than carpospores in both species. It is also possible that invertebrate grazing




in the wild may be a factor assisting carpospore release, carpospore release in the laboratory
by surface-sterilized cystocarpic material being poor in comparison with tetrasporic material.
Temperature tolerances displayed by Sarcothalia stiriata place this species firmly within the
range of temperatures typical of the west coast, this being suppported by the fact that S.
stiriata is locally confined to the region known as the Benguela marine province. In contrast,
the wider temperature tolerances displayed by G. polycarpa germlings correlates well with its
broader geographic distribution within both the Benguela and Agulhas marine provinces.

In a recent revision of the classification of the marine red algal family Gigartinaceae, seven
genera were proposed for the family based upon observations of characters of vegetative
morphology and reproductive development. Previously, four South African members of the
Gigartinaceae had been examined to assess their position within the revised classification,
namely Sarcothalia stiriata, Sarcothalia scutellata, Gigartina polycarpa, Gigartina clathrata
and Mazzaella capensis. Using the revised classification, the taxonomic position of the entity
presently known as Gigartina paxillata Papenfuss has been determined .

Morphologically, Gigartina paxillata has large sub-terminal cystocarps which are formed
either on papillac or adventitious branches, with an obvious osticle present in mature
cystocarps. Microscopically, the auxiliary cell becomes surrounded by a compact envelope
during development, the envelope becoming penetrated by gonimoblast filaments which link
to the envelope by cell fusion. Carposporangia are formed in chains which link to each other
and to the sterile cells of the placenta by broadened pit connections. Mature carposporangia
form grape-like clusters which are separated by the placenta and surrounded by the envelope.
Tetrasporangial sori are raised and mainly elliptical. Mature tetraspores are released by
excision of the entire sorus.

Based upon these observations, it is concluded that Gigartina paxillata is correctly positioned

within the genus Gigartina.




CHAPTER 1

GENERAL INTRODUCTION

1.1 RATIONALE

In the Benguela marine province on the west coast of Southern Africa two morphologically
different species of the Gigartinaceae are commonly abundant. Gigartina polycarpa (Kiitzing)
Setchell et Gardner and Sarcothalia stiriata (Turner) Leister co-occur on rocky shores from
depths of ca. 7m and 2.5m, respectively, in the sublittoral (Jackelman, 1996) through to the
mid-eulittoral (Levitt and Bolton, 1990; Jackelman, 1996). Both species occur on relatively
sheltered and semi-exposed shores. Sarcorhalia stiriata can occupy sites directly exposed to
breaking waves as well as more sheltered sites such as ledges protected behind rocky outcrops.
These ledges are also commonly occupied by G. polycarpa, which is more common than S.
stiriata on more sheltered shores.

Morphologically Gigartina polycarpa has a thallus of flat, leathery blades which average
15-20cm in length with a maximum of up to 45cm. The gametophytes and tetrasporophytes
are isomorphic (Guiry ef al, 1984; Guiry and Garbary, 1990), there being no separate crustose
phase such as is found in the genus Mastocarpus. The male gametophytes (fig. 1.1) are
characterized by numerous papillae on the thallus and the female gametophytes (fig. 1.2) by
numerous protruding cystocarps. Mature tetrasporophytes (fig. 1.3) of G. polycarpa have
thinner thalli with numerous visible, embedded tetrasporangial sori. Sarcothalia stiriata is a
smaller plant, with an average length of 10-15¢cm and a maximum of 30cm. The male (fig.
1.4) and female (fig. 1.5) gametophytes are indistinguishable until reproductively mature, the
multiple branches of the female thallus bearing numerous rounded swellings containing the
cystocarps. Although 3. stiriata has been characterized (Hommersand er al. 1993, 1994) as
having a dimorphic thallus with proliferously branched gametophytes and smooth
tetrasporophytes (the tetrasporophyte (fig. 1.6) having once been separately described as
Gigartina burmanii (C. Ag.) J. Ag. (Seagrief, 1984)), it can be considered to be isomorphic
because the gametophyte and tetrasporophyte are morphologically similar in thallus shape and
size, there being no alternate crustose or microscopic phase.

Of the carrageenophyte species common to the south Western Cape, only Gigartina polycarpa













has previously been commercially exploited (Anderson et al. 1989). No carrageenophyte
species are presently harvested within the region, although interest in G. polycarpa,
Sarcothalia stiriata, Aeodes orbitosa (Suhr) Schmitz and Mazzaella capensis (J. Agardh)
Fredericq has been expressed by local and international entrepreneurs. In view of their
economic potential, the formulation of a rational management policy for these resources is
essential. A prerequisite to the formulation of such a policy is the acquistion of basic
information regarding biomass, demographics and population biology of the target species.
The magnitude of each resource can be determined by estimation of the seasonal harvestable
biomass along the exploited coastline. In this dissertation, such information is presented in
respect to Gigartina polycarpa, Sarcothalia stiriata, Aeodes orbitosa and Mazzaella capensis.
Determination of age-class structures within populations of Gigartina polycarpa and
Sarcothalia stiriata is impractical due to logistical problems involved in tagging many
thousands of individuals on an ongoing basis, this being further complicated by difficulties in
identifying individual plants - both species are clonal (sensu Scrosati, 1996), the basic
population unit being the ramet. Therefore, demographic parameters of phenology, fecundity
and growth rate are used to elucidate the population biology of these two species.

The most appropriate management strategy must be formulated so as to ensure optimal
utilization of resources, specifically the determination of a sustainable optimal harvest, as well
as harvesting methods and their effects on reproductive capacity. Harvest yields under a variety
of harvesting regimes are assessed in terms of these criteria. However, the ecological
consequences of such disturbance on community structure must also be taken into account to
ensure long-term management success: the possibility of longer term effects on populations
resulting from, for example, the establishment of alternate communities following disturbance,
need to be considered. Information is presented in respect of changes in community structure
following disturbance (removal of algal flora and/or molluscan grazers) of communities
dominated by populations of Gigartina polycarpa and Sarcothalia stiriata.

Factors influencing demographic factors such as growth rate include selective forces such as
wave action, which plays a major role in maintaining habitat diversity (Shaughnessy et al.
1996). Seasonal growth rate and occupied habitat are two factors which typically may be
influenced by wave action, through the mechanism of differing response of thallus morphology

to hydrodynamic force. Empirical measurements of growth and drag observed in the various




life-history phases of both Gigartina polycarpa and Sarcothalia stiriata are used to assess the
importance of wave action as a factor selecting the habitats of populations of these two species.
In the Benguela and Agulhas marine provinces, temperature is the most significant factor
affecting seaweed biogeography (Bolton, 1986), a significant discontinuity in species
composition occurring at Cape Agulhas, the geographic locality where the warm Agulhas
current meets the cold Benguela current (fig. 2.1). The geographic distribution of seaweeds
can be expected to be related to their temperature tolerances for growth and reproduction.
Light can also be a factor controlling marine algal shore zonation though the mechanisms of
shading or photoinhibition; different species may be adapted to occupy differing ecological
niches as a consequence of their ability to grow in high or low irradiance environments. Thus,
the light and temperature tolerances for growth of Gigartina polycarpa and Sarcothalia stiriata
sporelings are determined in order to assess the importance of these two factors in ecologically
separating populations of these two species, the extent to which they determine their
geographic distribution, as well as to speculate on their respective biogeographic origins.
The systematics of the Gigartinaceae has recently undergone a revision (Hommersand et al.
1993, 1994), with a consequent change in the classification of three of the four
carrageenophytes common to the South African west coast, namely Gigartina polycarpa,
Sarcothalia stiriata and Mazzaella capensis (Aeodes orbitosa belongs to the Halymeniaceae).
The taxonomic position of three other Gigartina species found in the south Western Cape were
not addressed in the revised classification, namely, Gigartina insignis, Gigartina minima and
Gigartina paxillata. The latter species is common in the south Western Cape and the Eastern
Cape, co-occurring with G. polycarpa within the western overlap region. The characters
defined by Hommersand et al. (1993) are used to clarify the taxonomic position of G. paxillata
within the Gigartinaceae.

1.2 STUDY SITE

The field experiments described in chapters 2 to 5 of this dissertation were conducted at
Kommetjie (34°08.1'S,18°18.6'E, approximately 30km from Cape Town) on the west coast
of the Cape Peninsula, in the southern Western Cape, South Africa. Topographically the shore
comprised a flat, rocky ledge (ca. 90m?) of Table Mountain Sandstone with a perimeter of
medium-sized (ca.1m diameter), immoveable boulders (fig. 1.7). The boulders were directly

exposed to the prevailing south-westerly swell and provided a barrier which provided some

10







CHAPTER 2

POTENTIAL HARVESTABLE BIOMASS AND CARRAGEENAN YIELD OF AEODES
ORBITOSA, GIGARTINA POLYCARPA, MAZZAELIA CAPENSIS AND SARCOTHALIA
STIRIATA IN THE WESTERN CAPE, SOUTH AFRICA

2.1 INTRODUCTION

The collection and harvesting of carrageenophytes in the Western Cape Province, South
Africa, was historically of minor economic importance compared to that of alginate-producing
kelps. The economic potential of the carrageenan-yielding seaweeds of the Western Cape was
first recognized during World War 2 (Isaac, 1942; Isaac ef al. 1943) when wartime shortages
caused industries to seek local replacements of seaweed products (mainly agar) traditionally
obtained from the Far East. After the war, interest in the potential use of seaweed
polysaccharides was still evident (Isaac and Molteno, 1953), although the then renewed
availability of Japanese material made local demand less urgent. As a result, the South African
carrageenan industry developed from the sporadic harvesting of predominately Gigartina
polycarpa (Kiitzing) Setchell et Gardner (formerly Gigartina radula (Esper) J. Agardh -
Hommersand et al. 1994) mixed with some Sarcothalia stiriata (Turner) Leister (formerly
Gigartina stiriata (Turner) J. Agardh - Hommersand et al. 1994). Harvested species were not
processed locally for extraction of carrageenan but were exported as dried raw material.
Between 1956 and 1978 small and variable quantities of mainly Gigartina polycarpa, ranging
from 0.4 to 54.4 tons dry weight.year?, were harvested (Anderson et al. 1989), the total
harvest during those years amounting to 149.9 tons dry weight. More recently, commercial
interest in South African carrageenophytes has been revived as a combined result of the
decline in the exchange rate, which raised the local price for exported material, and the interest
shown by multi-national corporations in new sources of carrageenan. This interest has not
been confined to G. polycarpa and Sarcothalia stiriata, because it is thought that simultaneous
collections of Aeodes orbitosa (Suhr) Schmitz and Mazzaella capensis (J. Agardh) Fredericq,
formerly Iridaea capensis J. Agardh (Hommersand ef al. 1994), may prove to yield a greater
harvest per unit effort, making the harvesting of Western Cape carrageenophytes economically

viable.
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Seaweeds in South Africa are commercially exploited solely off the Western Cape and Eastern
Cape coasts. Surface temperatures along this coastline are temperate: the cool West Coast (12-
15.8°C mean annual temperature) which extends from the Namibian border to the Cape
Peninsula, and the warmer South Coast (17.2-18.2°C) from Cape Agulhas to the Kei River
on the East Coast (Bolton, 1986). These regions are phytogeographically distinct, except for
an area of overlap between the Cape Peninsula and Cape Agulhas, and have been designated
the Benguela and Agulhas marine provinces respectively (Bolton and Anderson, 1997). Of the
potentially economically viable and commercial seaweeds, the alginophytes Eckionia maxima
(Osbeck) Papenfuss, Laminaria pallida Greville ex J. Agardh, Laminaria schinzii Foslie, the
agarophyte Gracilaria gracilis (Stackhouse) Steentoft, Irvine er Farnham, and the
carrageenophytes Gigartina polycarpa, Sarcothalia stiriata, Aeodes orbitosa and Mazzaella
capensis are more abundant on the West Coast. On the South and East coasts, the agarophyte
Gelidium pristoides (Turner) Kiitzing and the carrageenophyte Hypnea spicifera (Suhr) Harvey
are the most important species (Bolton and Stegenga, 1990). Because of the different
phytogeographical distributions in seaweed species, economic activity is concentrated at two
centres, Cape Town in the Western Cape and East London in the Eastern Cape, which are
approximately 1000km apart. Present exploitation has revolved around Gracilaria, Gelidium,
Ecklonia and Laminaria, but the existence of four currently unexploited carrageenophytes,
which are perceived to be abundant in the Western Cape, has prompted renewed interest from
entrepreneurs.

Gigartina polycarpa occurs from Lideritz (26°38.1'S, 15°09.2°E) in southern Namibia
southwards past Cape Agulhas (34°49.8'S,20°01.00E) at the southern tip of Africa, and
extends as far east as Three Sisters (33°35.5'S, 26°55.4'E) near Port Alfred in the Eastern
Cape province (H. Stegenga, Rijksherbarium Leiden, pers. comm.). Sarcothalia stiriata co-
occurs with G. polycarpa in the eulittoral zone of West Coast rocky shores between Liideritz
and Cape Agulhas. Mazzaella capensis is also common on the west coast of southern Africa
between Cape Frio (18°28.4'S, 12°01.2'E) in northern Namibia (H.R. Engledow, University
of Cape Town, pers. comm.) and Cape Agulhas (Stephenson, 1948). Mazzaella capensis is
particularly prevalent on sand-affected shores (Bolton and Joska, 1993). Somewhat similar in
external appearance to M. capensis, Aeodes orbitosa co-occurs with that species on West Coast

rocky shores, having been recorded from Cape Frio (Simons and Hewitt, 1976) and Rocky

13




Point (18°59.4'S, 12°28.6E) in northern Namibia (Penrith and Kensley, 1970) to as far south
as Danger Point (34°35.4'S, 19°18.4'E) near Cape Agulhas (this study). Neither M. capensis
nor A. orbitosa have been exploited by the seaweed industry, and apart from some general
biomass information which suggests that these species have a summer maximum and a winter
minimum (Bolton and Levitt, 1992; Bolton and Joska, 1993), no data are available on their
exploitation potential on the South African west coast.

Yaphe (1959) reported that both Gigartina polycarpa and Sarcothalia stiriata contain K-
carrageenan. Anderson ef al. (1968) analysed the structure of carrageenan from G. polycarpa
and Furneaux and Miller (1986) reported a 3:1:1 mixture of k-,1-, and p-/v-carrageenans for
S. stiriata, similar to Gigartina canaliculata (Lawson et al. 1973) and Gigartina chamissoi
(Penman and Rees, 1973), with a yield of 46% (of dry weight). The absence of A-carrageenan
in the samples analysed by Anderson et al. (1968) and Furneaux and Miller (1986) indicates
that they consisted of gametophytic material, A-carrageenan being characteristic of the
sporophyte phase in members of the Gigartinaceae (Peats, 1981; McCandless e al. 1983).
Gigartina polycarpa gametophytes contain a 40:45:15 mixtwre of k-,1-, andv-carrageenans,
whereas the tetrasporophytes contain A-carrageenan (R.H. Furneaux, DSIR, New Zealand,
pers. comm.). A variable carrageenan content of 30-42% of dry weight was reported by Bolton
and Joska (1993) for Mazzaella capensis, with a late-winter/spring maximum and a
summer/autumn minimum.

The polysaccharide extracted from Aeodes orbitosa (termed "aeodan™) is considerably more
viscous than that from Gigartina polycarpa (Molteno et al. 1953), consisting of highly
sulphated D-galactose residues (Nunn and Parolis, 1968), the structure of which has been
further elucidated (Allsobrook et al. 1969) as 1-3 and 1-4 linked galactose, the 1-4 links being
sulphate-free. A carrageenan content of 45 and 30% of dry weight was measured in mature
and juvenile plants of A. orbitosa respectively (1.J. Bolton and M.A.P. Joska, University of
Cape Town, pers. comm.).

In order to determine the extent of the carrageenophyte resource along the coast of the
southern Western Cape, a biomass survey of the four major species was undertaken. The
biomass and carrageenan content of Gigartina polycarpa and Sarcothalia stiriata were
investigated to determine the phycocolloid yield and the economic viability of their

exploitation.
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2.2 METHODS
The area surveyed for carrageenophyte biomass extended from the mouth of the Berg River
(32°46.4'5,18°09.0'E) and Cape Agulhas, a length of shoreline of ca. 820km. An initial,
aerial survey of the coast by helicopter, with spot-landings made en route, helped to
distinguish areas where carrageenophytes were scarce or absent; those areas were excluded
from the follow-up ground survey. The survey area was separated into six sectors: Cape
Columbine, the Cape south-west coast, Cape Peninsula, Cape Hangklip, Mudge Point and
Danger Point. A summer ground survey of Gigartina polycarpa and Sarcothalia stiriata was
undertaken during November 1987 and winter and summer ground surveys of Aeodes orbitosa
and Mazzaella capensis were undertaken during July and December 1989. Totals of 32 sites
for G. polycarpa and S. stiriata and 35 sites for A. orbitosa and M. capensis were surveyed.
Estimates of standing stock were made at sites where populations of the four species were
present using the following methods.
i). The widths of zone occupied by each species were measured at various points along
the shore (usually ca. 50m apart). The number of measurements varied between six and
sixteen, depending on the amount of rocky shore. All measurements were then
averaged for each particular length of shore.
if). The biomass (kg.m?) of each species was measured by harvesting and weighing the
seaweeds in a minimum of nine 50 x 50cm quadrats at each point along the shore
where the zone width was measured. Quadrat size was the maximum allowed, given
the constraints of shore topography, and each quadrat enclosed numerous individual
plants. Seaweeds were harvested by plucking in order to emulate a commercial harvest.
No attempt was made to remove the firmly attached remaining small plants or
holdfasts.
iti). The shoreline adjacent to the sample site was then inspected to ascertain the length
of similar habitat occupied by the target species.
iv). The standing stock for each shore visited was estimated as the product of shoreline
length (km), zone width (m) and mean biomass in the quadrats (kg.m™?).
As the biomass of Gigartina polycarpa and Sarcothalia stiriata was surveyed only once along
the coast, a fixed site at Kommetjie (34°08.1-'S,18°18.6 E) on the west coast of the Cape

Peninsula was chosen to investigate seasonal variations in biomass of those two species. A flat,
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rocky ledge (ca. 90m?) of Table Mountain Sandstone bearing a mixed population of G.
polycarpa and S. stiriata, was sampled monthly between May 1987 and June 1988. To
facilitate comparability with the estimates of standing stock, the biomass at this site was
measured by means of harvesting (plucking) the plants in three S0 x 50cm quadrats, each
placed at random within the population. Areas which had previously been plucked were
excluded from further sampling. Biomass data were analyzed for seasonal variation (monthly
data combined for season in the following manner: December, January, February = summer;
March, April, May = autumn; June, July, August = winter; September, October, November
= spring) by one-way ANOVA using the Student-Newman-Keuls multiple range test for
differences between treatments (¢.=0.05). In all the ANOVAs performed throughout this
dissertation, it was assumed that samples were from normal populations. Although it is
possible to use Bartlett’s test for homogeneity to test whether the assumption of equal variances
is met, it is generally not worthwhile to use it in conjunction with ANOVA since it is
inefficient and badly affected by nonnormality (Zar, 1984). Fortunately, ANOVA is robust,
and operates well even with considerable heterogeneity of variances and considerable skewness
or kurtosis in the underlying populations’ normality (Zar, 1984).

The macroscopic phases of the life-history of Gigartina polycarpa and Sarcothalia stiriata
were distinguished by identification of reproductive structures in female gametophytes and
tetrasporophytes. As only mature plants were studied and because mature female gametophytes
and tetrasporophytes are fertile year-round, the remaining adult plants, with a clearly different
morphology to that of tetrasporophytes and gametophytes and without obvious reproductive
structures, were assumed to be male gametophytes. The acetal-resorcinol method used to
identify life-history phases (Craigie and Leigh, 1978) can only differentiate between
gametophytes and tetrasporophytes, and since these could be differentiated morphologically,
use of the test was considered to be redundant. Each month, eight plants of each life-history
phase of G. polycarpa and §. stiriata were analysed individually for carrageenan content
(without alkali modification), using a method derived from that of Santos and Doty (1975).
Freshly collected plants from the biomass study were oven-dried for 48h at 60°C. Plants were
not rinsed prior to drying in order to prevent loss of carrageenans. Clean samples (8g) were
selected from the dry plant material, milled coarsely, and heated in a water bath at 85°C in
250m¢ aliquots adjusted to pH 9 by the addition of 2% NaOH. Alkali modification (the
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addition of KOH or NaOH) does not affect total carrageenan yield (Santos and Doty, 1975) but
reduces the amount of SO,Na attached to the carrageenan molecule, often resulting in an
increase in L-type carrageenan (Zinoun ef al. 1993) at the expense of other carrageenan types.
Alkali modification is used mainly to improve gel strength (Istini ef al. 1994). Since gel strength
was not tested in this study, alkali modification was not considered necessary. The optimum
extraction period was determined by comparing carrageenan yield against extraction time in
tetrasporophytes and female gametophytes of G. polycarpa: three replicate samples of each of
these life-history phases were extracted at each hourly interval between one and twelve hours.
To ensure complete separation of the plant material from the colloidal solution, centrifugation
at 10 000G for 30 minutes was used, rather than pressure filtration recommended in the
method of Santos and Doty (1975). Carrageenan was precipitated by means of rapid stirring,
using a double volume of 85% isopropanol. The precipitate was strained through a nylon cloth,
rinsed twice with isopropanol and oven-dried at 60°C. Where conversion from wet weight to
dry weight was required, water contents of 83.6% for G. polycarpa and §. stiriata (Levitt,
1987) and 88% for Aeodes orbitosa and Mazzaella capensis (M.A.P. Joska, pers. comm.) were
used. Carrageenan yields (% dry weight) of 45% for A. orbitosa (M.A.P. Joska, pers. comm.)
and 34.4% for M. capensis (Bolton and Joska, 1993) were used in the calculation of total

harvestable carrageenan for these two species,

2.3 RESULTS

The aerial and ground surveys showed that Gigartina polycarpa and Sarcothalia stiriata were
present at 22 of the 32 sites surveyed. Aeodes orbitosa was present at 29 (winter) and 30
(summer) sites and Mazzaella capensis at 21 (winter) and 27 (summer) sites, from a total of
35 sites surveyed (fig. 2.1).

The biomasses (kg.m?) and the standing stocks (kg fresh weight) of Gigartina polycarpa and
Sarcothalia stiriata at the 22 sites during the November survey are listed in table 2.1. Biomass
of G. polycarpa and 8. stiriata, respectively, ranged from 0.75 to 5.96 kg.m? and from 0.15
to 5.49 kg.m™, with means of 2.94 (S.E. 0.27) and 1.45 (S.E. 0.29) kg.m?. These values
equate to standing stocks of G. polycarpa and §S. stiriata, respectively, of 40.6 and 51.1 tons
of male gametophytes, 56.0 and 38.9 tons of female gametophytes and 57.5 and 13.9 tons of
tetrasporophytes along the south Western Cape coast. The largest populations (87.9 tons of G.
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Figure 2.1 Map of the south Western Cape Province, South Africa, showing sample sites with
harvestable amounts of Aeodes orbitosa, Gigartina polycarpa, Mazzaeila capensis and
Sarcothalia stiriata.
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polycarpa and 63.2 tons of S. stiriata) were concentrated at Cape Columbine, with sizeable
populations in the Cape Peninsula (22.9 and 33.1 tons, respectively) and at Cape Hangklip
(27.1 tons of G. polycarpa). The total standing stocks of G. polycarpa and §. stiriata during
November 1987 were 154.1 and 104.0 tons, respectively.

The biomasses (kg.m?) and the standing stocks (kg fresh weight) of Aeodes orbitosa and
Mazzaella capensis during the summer and winter surveys are given in table 2.2. Biomass of
A. orbitosa ranged from zero to 19.37 kg.m? in summer and from 0.01 to 0.68 kg.m? in
winter, with means of 2.43 (S.E. 0.77) and 0.12 (S.E. 0.03) kg.m?, respectively. Biomass
of M. capensis ranged from zero to 1.87 kg.m™ in summer and from zero to 1.14 kg.m? in
winter, with means of 0.41 (S.E. 0.10) and 0.07 (5.E. 0.04) kg.m?, respectively. Standing
stocks were greater in summer than in winter, respective values of A. orbitosa and M.
capensis being 193.6 and 33.6 tons (summer) and 10.0 and 4.5 tons (winter).

The largest standing stock of Aeodes orbitosa was found on the Cape Peninsula (129.8 tons),
with lesser amounts at Cape Columbine (22.5 tons), Danger Point (18.1 tons), Mudge Point
(13.0 tons), the Cape south-west coast (5.4 tons) and Cape Hangklip (4.8 tons). The relative
proportion of standing stock distribution in winter was similar to that in summer, but the
biomass was greatly reduced, the largest quantity being 6.0 tons on the Cape Peninsula. The
largest summer standing stock of Mazzaella capensis was found at Danger Point (14.5 tons)
and off the Cape Peninsula (12.2 tons), stocks at other sites ranging from 2.4 tons at Cape
Columbine to 0.7 tons at Cape Hangklip. The winter standing stock of M. capensis was
negligible, except off the Cape south-west Coast, which yielded 2.5 tons.

Seasonal variations in biomass of the various life history phases of Gigartina polycarpa and
Sarcothalia stiriata at Kommetjie are shown in figs 2.2 and 2.3, respectively. A trend for a
greater biomass in late-summer (February) and low biomass in winter (June and July) was
evident in all three life-history phases of G. polycarpa, although seasonal data were not
statistically significantly different (see chapter 3, section 3.3.2). Biomass was highest in female
gametophytes, ranging from 0.2 to 1.5 kg.m? (fig. 2.2b), followed by tetrasporophytes (0.4
to 0.9kg.m?, fig. 2.2¢) and male gametophytes (0.15 to 0.5kg.m?, fig. 2.2a). The biomass
of §. stiriata was greater than that of G. polycarpa, with a trend toward greater values in mid-
summer (November to January) and lower values in winter (June), with no statistically

significant differences between seasons (see 3.3.2). Male (fig. 2.3a) and female (fig. 2.3b)
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Gigarfina polycarpa Sarcothalia stiriata
Biomass Standing stock kg Biomass Standing stock kg
Region & locality Shore kg.m? a ¢ ® kg.m® a ? ®
length m

| Cape Columbine

2. Vioolbaai / Brandbaai 2250 2.28 811 1118 1148 0.28 186 141 51
b. Noordbaai / Hannasbaai 2700 3.28 6977 9624 9871 3.64 14408 10853 3925
¢. Klipbank - Middle Bay 1500 375 4284 5910 6082 Q.15 320 243 87
d. Rocky Point (S. of Stompneus Point) 350 4.14 183 253 259 0.55 45 35 12

| e. Shell Bay 1750 1.09 960 1325 1358 5,48 89028 6863 2458
f, Britannia Bay 300 2.80 g2 127 130 1.48 87 66 24
g. Cape St Martin - Duiker island 1340 2.25 880 1228 125@ 3.48 2570 1953 700
h. Lizaseklip - Bekbaai 830 3.58 1934 2668 2737 1.18 1180 205 324
i. Trappiesidip - Cape Columbine 2250 5.07 7035 8705 9954 1.26 3264 2481 889
Cape south west Coast
{. Kabeljoubank - Die Skaapwas 1170 2.16 719 992 1018 117 727 553 198
k. Grotto Bay 860 1.86 385 480 503 0.68 234 178 64
1. Melkbos 750 3.59 1135 1566 1606 2.87 1576 1198 429
m. Blouberg / Haakgat 2000 3.40 1631 2250 2307 0.41 3BT 279 100
Cape Peninsula
n. Sea Point - Mouille Point 4850 311 1028 1420 1456 1.00 618 470 168
o. Bakoven 280 2.22 234 323 331 1.48 291 221 79
p. Qudekraal 320 1.87 381 540 553 1.29 504 383 137
g. Kommetjie 820 1.24 3148 4344 4455 2.01 9528 7243 2586
1. Soetwater 2240 0.75 1235 1704 1748 1.74 8350 4067 1457
Cape Hangklip
s, Pringle Bay 220 3.23 243 336 344 0.37 52 40 14
t. Skuitbaai 1200 5.98 8673 9205 9441 0.24 502 381 137
u. Maasbaai 1750 3.68 221 304 32 Q.23 26 20 7
Danger Point
v. Kruismansbaai 310 3.08 437 602 618 1.04 274 208 75
Totals (¥) and means {f) ¥ i ¥ v ¥ i 7 ¥ T

29810 2.94 40618 56035 57471 1.45 51148 38882 13932

able 2.1: Biomass and standing stock of Gigartina polycarpa and Sarcothalia stiriata in the south Western Cape,
ovember 1987 (fresh weight).
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Aeodes orbitosa

Mazznella capensis

Biomass kg.m* Standing stock kg Biomass kg.m* Standing stock kg
Region & locality Shore Summer Winter Summer Winter Summer Winter Summer Winter
length m
Cape Columbine
1. Soldatepos 2950 2.71 0.13 7991 396 0.01 0,00 40 0
2. Vioolbaai 700 2.47 0.33 1731 231 1.16 0.09 809 63
3. Hannasbaat 850 0.96 0.00 818 0 0.21 0.00 179 0
4. Shell Bay Point 450 0.86 0.18 386 79 0.06 <0.01 26 2
5. Britannia Bay 750 1.70 0.12 1273 88 .01 0.01 11 10
6. Patemoster 900 1.99 0.08 1789 73 0.46 0.16 410 142
7. Abdolsbaal 1050 3.68 0.16 3868 169 0.89 0.15 933 162
8. Cape Columbine 7900 0.58 .06 4614 452 <0.01 0.03 22 376
Cape south west Coast
9. Yzerfontein 2200 (.36 0.17 797 374 0.91 1.14 1996 2303
10. Grotto Bay 4150 111 .11 4598 467 <0.01 (.00 30 0
Cape Peninsula
11. Mouitle Point 2350 11.93 0.18 28026 427 0.00 0.00 9 0
{12. Sea Point 2600 2.04 0.09 5316 236 1.60 0.11 4260 280
13, Oudekraal 6458 1.19 0.7 7709 1067 0.03 <0.01 164 22
14. Kommetjie 3350 19.37 Q.60 64888 2016 1.29 < (.01 4323 8
15. Scetwater 3200 7.06 0.68 22579 2171 .04 <{0.01 128 2
16. Scarborough 1800 0.73 0.01 1311 19 1.87 <0.01 3356 16
17. Sunny Cove 2600 0.00 0.03 0 73 0.00 0.00 0 0
Cape Hangklip
18. Root Els 2000 0.06 Q.00 113 0 0.08 0.00 163 0
19. Pringle Bay 1700 0.10 0.00 177 Q «<(,01 0,00 1 0
20, Cape Hangklip 1450 .56 0.00 805 0 0.09 0.00 135 0
21, Maasbaai 4500 0.75 0.02 3361 68 0.00 <0.01 0 20
22. Kleinmond 1250 0.25 0.08 308 96 0.29 <0.04 359 4
Mudge Point
23, Harry's Bay 2150 1.35 0.04 2891 75 0.07 < .01 142 4
24, Sandbaai 6250 0.73 0.04 4545 249 0.05 0.01 341 85
25, Hermanus 4250 1.31 0.01 5556 34 .29 0.00 1223 0
Danger Point
26. Stanford's Cove 500 4.13 0.07 2480 40 0.00 (.00 0 1]
27. Kruismansbaai 9250 1.10 0.10 10145 927 0.77 0.05 7122 302
28. Franskraal 6130 0.36 <0.01 2261 36 0.68 0.03 4272 160
29. Pearly Beach 3550 0.91 0.03 3227 118 0.88 0.04 3106 140
Totals {3 ) and means (f) ¥ i i by ¥ i i ¥ T
87458 2.43 0.12 193361 9981 .41 0.07 33551 4501
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Table 2.2: Summer/winter biomass and standing stock of Aeodes orbitosa and Mazzaella capensis in the south
Western Cape, July (winter) and December (summer) 1989 (fresh mass).
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Figure 2.2 Seasonal variation in biomass (kg.m™) of different life-history phases of Gigartina
polycarpa at Kommetjie, Cape Peninsula (1987/88): a) & gametophytes; b) ¢ gametophytes;
c) tetrasporophytes; 95% confidence limits indicated.
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Figure 2.3 Seasonal variation in biomass (kg.m?) of different life-history phases of
Sarcothalia stiriata at Kommetjie, Cape Peninsula (1987/88): a) & gametophytes; b) ¢
gametophytes; c¢) tetrasporophytes; 95% confidence limits indicated.
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gametophytes dominated the biomass, ranging from 0.55 to 1.5 kg.m™ and from 0.55 to
1.1kg.m™, respectively. Tetrasporophytes of S. stiriata (fig. 2.3c) were much less abundant
(0.05 to 0.4kg.m™) than those of G. polycarpa.

Carrageenan yield, expressed as a percentage of dry weight against extraction time (h), is
shown for Gigartina polycarpa female gametophytes (fig. 2.4a) and tetrasporophytes (fig.
2.4b). Results of one-way analysis of variance and the Student-Newman-Keuls test showed a
significant difference (Fg gs21135 = 15.77 > 2.39) between female gametophytes incubated
for less than 4h and those incubated for 4h or more. There was no significant difference in
carrageenan yield in tetrasoprophytes incubated for 5h or more, but a significant difference
was found (Fyos011.36 = 38.62 > 2.39) from those incubated for 4h or less. The optimum
extraction period which allowed a standardization of methods for both female gametophytes
and tetrasporophytes was therefore 5h. Seasonal variations in carrageenan yield of the different
life-history phases of G. polycarpa are shown in fig. 2.5; mean yields of 46.10, 49.39 and
41.02% of dry weight were found in male and female gametophytes and tetrasporophytes,
respectively. In Sarcothalia stiriata (fig. 2.6), the mean carrageenan yield was 44.37, 43.64
and 39.10% of dry weight in male and female gametophytes and tetrasporophytes,
respectively. Although carrageenan content varied monthly in all life-history phases of the two
species (figs 2.5 and 2.6), no significant seasonal differences