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ABSTRACT

1

Several aspects of the biology of Desmarestia firma (C.Ag.)

Skottsb., a common understorey alga in western Cape (Southern
Africa) kelp beds, are investigated. The life-history of this
species is described from culture. Zoospores from unilocular

sporangia give rise to separate filamentous male and female

. gametophytes. Male gametophytes bear flask-shaped antheridia,

each containing a single antherozooid. Female gametophytes
bear club-shaped oocgonia, each producing one or perhaps more
eggs. Trichothallic sporophytes are fused to the female

gametophytes. Specimens were cultured to a stage where they

produced rhizoids and cortication became apparent. This is

the first description of the life-history of a branched, ligu-

late Desmarestia species, and refutes the suggestion that in

oppositely -<branched species, gametophytes are monoecious.

'Némenclatural problems associated with D. firma are discussed,

and the taxonomic relationships of D, firma and closely related

- species are investigated. Results show varying degress aof

morphological overlap between this entity and certain others
from North West America, South America and Morocco. Micro-

scopic examinations show that sporophytes from New Zealand,

Gough Island, South America and N.W. America have the same

reproductive anatomy as D, firma, i.e. with sporangia scattered
among, and similar in size and shape to the cells of the outer
cortical layer. Material from the South Orkney Islands shous
sporangia interspersed with sterile paraphyses and arranged in
an elevated sorus. The taxonomic implications of these results
are discussed, and the name D. firma is provisionally retained

for the Southern African entity.

The distribution of D. firma at two levels is discussed.
Gepgraphicélly, this species is restricted to the cold waters
of the west coast upwelling region of Southern Africa, and is
found from Cape Point (34° 30'S 18° 29'E) northuwards along the
Atlantic coast to at least Luderitz Bay (26° 34'S 17° 04E).
Within the kelp bed, it is restricted to the sublittoral zone,



mg Dz.g_ldry mass.h_l, respectively. In both summer and

winter plants the light compensation point lies between 10 and
20 mE.m~2 25-1 (1ignt

saturation point), and Pmax does not decline at irradiance
levels up to 2500 ME.m~28-l. Pmax measured in the field in
summer, using submarine perspex chambers is 1.9 mg Oz.g_l.h_l.

.s-l, Pmax is reached at 300-400 uE.m”

The lower summer Pmax value obtained in the field is thought to
be a result of inadequate stirring in the incubation chambers.
"Net photosynthetic rates in D. firma are compared with laborat-
ory measurements obtained for other understorey algae from
.Oudekraal, Results indicate that the absence of D. firma in
-Shallbm vater (less than 2m) cannot be related to excessively
high irradiance, and that declining photosynthetic rates,
combined with lower submarine irradiance levels, contribute to
the decline in the standing crop of this species in winter.
From P vs I curves, seasonal standing crop data, and measure-
ments of submarine-irradiance, the net production of D. firma
during the 1978-1979 grouing season is estimated as 15.4 g

dry mass.m—z. This value agrees fairly well with the estimate
obtained usingbthe'Allen Curve méthod, and the implications and

problems 0f this approach are discussed.

On the basis of alkali titratiom and gravimetric determination
of total 804,.D. firma is shown to contain approximately
le%~H2804,
same in old and young plants, and does not vary with age.

The palatability of D. firma is compared with 12 other common

per dry mass. This value is approximately the

kelp bed algae, in 3 types of feeding experiment with the sea

urchin Parechinus anqulosus Leske. The aigée are divided into

three groups on the basis of the results: preferred, inter-
média{e, and non-preferred, the latter group including D. firma.
In order to explain these selection patterns, the relative
astfingencies of 'all of the algae, and the phenol contents
(Folin-Denis method) of 4 (including D. firma) are measured.
Results show that D. firma has a high relative astringency (0.75
on a scale 0 to 1) but lou relative phenol content (0.04 on a
scale 0 to 1). While high relative éstringencies are thought
‘to be difectly related to high phenol levels in most of these




algae, in D. firma this is shown to be related to HZSU4 in

the tissues. Simple rates of feeding by Parechinus shou a

statistically significant correlation (r2 = 0.58) with the
relative astringencies of the algae. It is concluded that
in D, firma, H SD4 acts as a secondary compound" in the sensse

2
that it discourages grazing by Parechinus. A final section

discusses important questions raised by this entire study.



"I deny that the study of nature has in itself, an

evil tendency. On the contrary, the study of organic
nature ... ought to be one of the purest sources of
intellectual pleasure. It places before us structures
the most exquisite in form and delicate in material ...
and if our minds are properly balanced ... reading in
them the evidence of their relation to their Maker,

we shall be led on to investigate our own."

W.H. HARVEY

(Nereis Boreali Americana)
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. CHAPTER 1

- INTRODUCTION and STUDY SITE

1.1 GENERAL INTRODUCTION

Productivity studies of kelp beds in the Northern Hemisphere
have shown these systems to be of primary importance in inshore
food chains (Mann, 1973; Chapman, 1974). Recently, the
Fcklonia maxima (Osb.) Papenf. - Laminaria pallida (Grev.) J.Aq.

beds of the south-western Cape coast have been the subject of

a series of ecological studies} aimed primarily at an under-

standing of their structure and dynamics, (Field et al, 1977;

Velimirov et al, 1977; Field et al, 1980a), particularly with
~relation to commercially valuable resources such as rock lobsters

(Jasus lalandii), the kelps themselves, and possibly the coastal

commercial fisheries, While these studies, and that of Dieck-

mann (1978) on Laminaria pallida, have dealt fairly comprehens-

ively with the tuwo major kelp species, they have only considered
the smaller understorey algae in the broadest of terms. This.

present study of Desmarestia firma is the first detailed

biological Study of an understorey alga from these south-western

Cape kelp beds.

Desmarestia firma was selected because it is common in these

kelp beds, and was potentially interesting in that it appeared
to be an annual and shouwed seasonal and spatial abundance,
especially in areas from which kelp had been cleared (N. Jarman,

pers. comm). Furthermore, this genus has recently received

some taxonomic attention (e.g. Chapﬁan, 1972; Mpoe & Silva, 1977)
and.it was felt that an investigation of its reproductive
biology, as well as its taxonomic relationships with closely
»felated species, might resolve some of the problems that these

studies -had raised.

The present study has two main objectives. The first is a
taxonomic investigation of b. firma and'closely related species,
vorld wide. This is necessarily preceded by a study of the
life cycle of the South African species, since Moe & Silva L

(1977) have pointed out that in the genus Desmarestia, evol-
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utionary divergence may be primarily expressed by reproductive

characteristics.

The second broad objective is an awtecological study of

D, firma in the Oudekraal kelp bed. To this end its spatial

distribution in relation to other organisms and environmental
factors, seasonal changes in standing crop , primary production
and rates of photosynthesis have bsen studied. In addition,
its sulphuric acid content was investigated, and its palatibility

to the prominent kelp bed grazer Parechinus angulosus was

compared with 13 other kelp bed algase. It was hoped that these
studies would enable an understanding of the role and contri-

bution of D. firma in these kelp beds.



1.2 STUDY SITE and ENVIRONMENTAL CONDITIONS

1.2,]1 Location and General Description

The principal study site was a one hectare guadrat of Ecklonia
and Laminaria kelp-bed at Oudekraal (34° po's, 182 21'E) on
the west coast of the Cape Peninsula, some 12 km south-west

of Cape Touh (Figs. 1.1, 1.2, 1.3). The centre of this
guadrat was 350 metres offshore, and the area included the
seaward margin of the kelp bed. The site lay within the
boundaries of larger study areas described by Uélimirov_et al
(1977) and Field et al (1980 b). Depths at louw tide ranged
from Om (at the large rock known as the Pannekoek) to 15Sm,

with an average depth of 9m.

The topography of the sea bed at this site is extremely vari-
able, with areas of sand, flat rock, and boulders. In general,
large granite boulders (often over 2m high) and deep crevices

in the S.E. corner give way to flat rock in the north, and
patches of sand, particularly in the south-uwest.

The distribution of plants and animals within kelp beds at
Oudekraal is well described by Velimirov et al (1977), and is

also discussed briefly in Chapter 4 of this study.

1.2.2 VLocal coastal hydrology

Oudekraal lies within a coastal region strongly influenced by
the cool north-flowing Benguela current, In summer (September
to March) prevailing south-easterly winds blowing offshore and
roughly at right angles to the current, cause the cool (8 - 9°C)
Benguela water on the continental shelf to upwell close inshore.
Thiswater is characterised by low temperatures, low salinities,
low chlorophylla content, low concentrations of dissolved
oxygen, and high concentrations of silicate, phosphate, and
nitrate (Andrews, 1974; Andreus & Hutchings, 1980). In winter
(May - August), prevailing north-west and westerly winds drive
relatively warm (lBOC) oceanic water inshore and cause doun-

welling. This oceanic water is characteristically more saline,
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better oxygenated, and has a higher chlorophyllea cbntent than
upuelled water. Nutrient levels, however, are much lower.

Where the two water types meet and mix the water has an inter—
‘mediate temperature (10 - lBOC) while levels of nutrients,
chlorophyll a and dissolved oxygen are quite variable. Frequent-
ly "mixed water" supports dense blooms of phytoplankton.

Although upwelling is most common in summer, it occasionaly
occurs in winter. Conversely, downwelling occasionally occurs

in summer.

At Oudekraal, south-east winds are funneled down the valleys
of the mountain. Upwelling is therefore often rapid and
intense, and during these conditions, the residence time of
water within the area shoun in'Fig. 1.2 is only 3-8 hours
(Field et al, 1980 b).

1.2.3 Temperature

Water temperature at Oudekraal was recorded continuously by

a thermoscript (Fricke & Thum, 1975) positioned at 8m depth.

Mean monthly temperatures (Fig; 1.4) fail to shouw the . rapid
changes in sea surface temperature that occur within a 24 h
period. A plot of daily temp=rature readings shows the o
frequent upuwelling cycles in summer which cause large fluct-
uations in temperature that occur within a month (Fig. 1.5).
In winter when upwelling is relatively uncommon, temperéture

fluctuations within a month are comparitively slight.

1.2.4 Nutrients

Dieckmann (1978) made monthly measurements of phosphate and
nitrate concentrations at QOudekraal in 1975. He points out
that daily measurements must be made for such data to be of

use, because conditions change so rapidly during upwelling.

According to Andreuws (1974),Andrews&dutchings (1980), and Field

et al (1980 b), water temperature is correlated with upwelling,
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and therefore with the concentrations of nutrients. In
general, tempe;atures of 10°C or lower may be teaken as indicators
of nutrient-rich water (maximum values of nitrate and inofganiic
phosphaté of 20 and 2.5 mg at. fj respectively) while temp-
eratures of 15 - 18°C indicate water with lou nutrient levels
(down to. 1.0 and 0.5 mg at. f1 of nitrate and inorganic
phosphate, respectively). During-downwelling, nitrate at

least may fall below levels limiting for the grouth of phyto-
plankton and macrophytes (Field et al, 1980 b). These louw
levels are thought to be the result of depletion by blooms of
phytoplankton, and they are often found in mixed as well as

downwelled waters.

-~

1.2.5 Wave Action

At Melkbosstrand, some 25 km north of the study site, wave
heights are continuously recorded by a Wemelsfelder-type

wave recorder on a sea tower 1 km offshore, in water 1llm

deep. All waves approaching between-202° and 3l2°E of N are
detected, and this sector includes all possible directions of
waves reaching Oudekraal. Data presented here (Fig. 1.6) are
in the form of maximum wave height histograms (Maxwell and
Rattey, 1978, 1979).

Swell height usually exceeds 1.5m, and may reach more than
10m (e.g. May - July 1979). In general, large suells are
associated with westerly winds which prevail in winter. At
Oudekraal, the Pannekoek defracts south-westerly swells and

causes sxtremelypowerful bottom surges.

1.2.6 Submarine Irradiance

Light penetrates deepsst when there is upwelling and little
swell. Under these conditions visibility in the kelp bed

can exceed 12m. Uhen heavy swells coincide with upwelling,
suspended particles and detritus reduce the visibility, often

to less*than 4 or 5m. In general, however, upuwelling conditions
are accompanied by very little swell action. In oceanic and

mixed water, high standing crops of plénkton discolour the
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water, and reduce visiblity, sometimes to 2m or less.

Ideally, studies of growth or production should be accompanied
by reliable data on submarine light conditions. Problems
involved in the measurement of submarine light are discussed

in Chapter 6, along with measurements of light penetration

at Oudekraal.
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CHAPTER 2

THE LIFE HISTORY of DESMARESTIA FIRMA (C.AG.) SKOTTSS.

(PHAEOPHYCEAE, DESMARESTIALES)

This study is in press (Phycologia 21 (3), 1982, and is presented
here in the form in which it was accepted for publication. The
acknowledgements, abstract, and references are included in the

corresponding sections for the thesis as a uwhole.



2.1

12.
INTRODUCTION

The world-wide genus Desmarestia Lamouroux (Phaeophyta: Desmarestiales)
comprises about 40 described species (Moe & Silva 1977), with life-cycle
studies completed for: D. aculeata (L.) Lamour. (Schreiber, 1932;

Chapman & Burrows, 1970), D. viridis (MU11) Lamour. (Abe, 1938;

Kornmann, 1962) and D. tabacoides (Nakahara & Nakamura, 1971).

Taxonomic studies of this genus have been based almost entirely on
morphological characters of the sporophyte. In their review of
sporangia in Desmarestia, Moe & Silva (1977) stated that vegetative characters
may be of secondary importance in expressing evolutionary divergence in
this genus. It seems likely that the presently confused taxonomy of
Desmarestia may only be resoived by comparing the life-cycles of putative

species. A culture study of the South African entity Desmarestia firma

(C. Ag.) Skottsb. was therefore made to compare this species with others
whose life-cycles are known. In South Africa, D. firma is a common annual

understorey species in Ecklonia maxima (0Osb.) Papenf. and Laminaria pallida

(Grev.) J. Ag. kelp beds and is distributed from Cape Point (34O 30'S
189 29'E) northwards along the Atlantic coast to at least Luderitz Bay

(26° 34's 17° 04'F).
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MATERIALS AND METHODS

Culture Methods

Mature sporophytes were collected in mid-July, 1980, at Kommetjie
(34%'s  18°19'E) and Bakoven (33°58'S 18022'5), on the west coast of
the Cape Peninsula, Republic of South Africa at depths of 20 and 10 m,
respectively. Plants without visible epiphytes were selected. After
examining sections to confirm the presence of sporangia, pieces of frond
were rinsed in filtered sea-water, and suspended from corks above glass
slides, in glass dishes containing 300 m] of filtered sea water (Millipore
0.45 pum membrane). The dishes were then placed either on a window-sill,

in diffuse natural light, or in a cold room under fluorescent lights.

On the window-sill, temperature varied from 14 to 22°C, and Photeosynthetically

Active Radiation (P.A.R.) never exceeded 60 uE m? sec'], as measured with
)
a Li-Cor 1935 spherical quantum sensor connected to a L1 188 Integrating
Quantum Meter (}ambda Instr. Corp.). The temperature in the coldroom
was 11°C, and P.A.R. of the fluorescent lights 150 uf n % sec”!.  After
the spores had settied, the sea water was enriched by adding NaNO3, NaZHPO4
and sterilised soil extract at concentrations of 1.5 mM, 100 uM and 50 ml
per 1 respectively (Enriched Erdschrieber solution, from McLachlan, 1973).
Culture media were changed weekly, and stages in the life-cycle were drawn
and photographed. After three to five wk, the vegetative sporophytes in
the w%ndow 5111 dishes were transferred to the coldroom and given new

nutrient solutions.
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.2.2 Preparation of spores for scanning electron microscopy

Fertile, epiphyte-free material, cut into strips, was rinsed thoroughly
and suspended from corks in filtered sea water in 250 ml1 flasks, for 6h.
The frond material Qas then removed, and the spores which had been
released were fixed by the addition of glutaraldehyde to a concentration
of 2.5%. Two hours later, the samples were divided in half and filtered
through 1 um and 0.2 um membrane filters. The membranes were then
fixed between ring magnets, placed in artificial sea water, and transferred
through decreasing salinities, ending with distilled water.  Samples
were then dehydrated through an increasing gradient, ending with 96%
ethanol. Preparation was completed by critical point drying, mounting,

and vacuum coating“with gold-palladium.

RESULTS

The sporophyte

~

The sporophyte consists of secondary blades arranged pinnately on a
single primary blade (Fig. 1). The secondéries often give rise to a
third order of fronds. In the young sporophyte frond-margins are fringed
with trichothallic hairs, giving the plant a feathery appearance (Fig. 2).
Later in the growing season these hairs are lost. The plants are olive
brown and membranous when young and become dark brown and leathery with age.
In any area, the morphology of fronds is highly variable, and at any one
time, the length of specimens may range from less than 5 cm to over 1.5 m,
according to age and degree of damage. The holdfast is a disc from a
few to over 15 mm in diameter. Composite holdfasts, giving rise td

several plants, may be over 40 mm in diameter.
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Sporangia and Spores

Sporangia, which appear in winter, are scattered throughout the
superficial layer of cortical cells. Their dimensions are the same as
those of the surrounding cortical cells i.e. about 15-20 um long and
8-15 um wide (Figs. 3,4). Mean dimensions of 20 sporangia were 17x10 um.
Sporangia are visible as dark cells in planar sections of the superficial
cortex.

The sporangia of D. firma bear a striking resemblance to those of the

Helgoland D. viridis (Kornmann, 1962), D. patagonica (Asensi & Carralves,

1972) and D. tabacoides (Nakahara & Nakamura, 1971). In terms of their

development and disposition, they would belong to group 1 as proposed
by Moe & Silva (1977) i.e. the sporangia are random]y scattered, and
apparently develop from celis of the outer cortical layer.

The sporangia of D. firms are different in size and arrangement from
those of a specimen from South Georgia initially described as D. firma
by Skottsberg (1907). Significantly, he later (1921) re-identified theat
specimen as D. ligulata Lamour.

It was difficult to estimate the number of spores per sporangium, but
16 appears to be a likely number. The numbers of spores per sporangium
in other species are given in the review of Moe & Silva (1977);

Zoospores are egg-shaped, with two laterally-attached flagella (Fig. 5).
They are between 3.5 and 5um long, and 2 to 3 um in diameter at the widest
point. They are identical in appearance to, but smaller than those
observed in other Desharestia species: 6-7 um in Helgoland D. viridis

(Kornmann, 1962), 8-10 um in Japanese D. viridis (Abe, 1938), 7-10 um in

D. aculeata (Schreiber, 1932; Chapman & Burrows, 1971) and about 9 um

in D. tabacoides (Nakahara & Nakamura, 1971). ‘Both flagella appear to be

of the whiplash type, but since they were invariably sucked thrcugh the

pores in the membrane filters, the lengths could not be measured.
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Copulation of spores was never observed, contrary to the observation in

Japanese D. viridis (Abe, 1938).

Growth and development of the gametophytes

Settled spores with germ tubes were observed approximately 72 h after
spore release (Fig. 6). Within 10 days well-developed dioecious
gametophytes were visible (figs. 7,8), with the round, embty cell wall of
the settled zoospore éttached. Throughout the vegetative development of the
gametophyteé, those at 110C, under fluorescent lighting grew markedly more
<lowly than those in naﬁura] Tight at 14-22°C.

The filaments of male gametophytes (Fig. 8) were initially 3-5 um in
diameter (mean of 10 = 3,5um), and between 5 and 8 um wide at maturity,
and at all stages showed very little pigmentation. Female gametophytes
(Fig. 7) initially from 4,5 to 7 um in diameter, increased to 7 to 12 um,
and were more darkly pigmented than males.  The gametophytes of other
dioecious species described appear to be similar, with the males poorly
pigmented and slightly over half the diameter of the females.

Rfter approximately 30 days the culture vessels supported vegetative
gametophytes fonnihg clumps several millimetres across, often with male
and female strands interwoven. At this stage, plants which were given
new nutrient solutions and transferréd to 11°C with f]uorescen; lighting,
produced gametangia within two to three days. Gemetophytes left at room
temperature for 6 weeks remained vegetative. Kornmann (1962) found that
fresh nﬁtrient solution and a drop in temperature from 15 to 3-59¢
appeared to cause sexual maturation and fertilization in D. viridis from
Helgoland.

In D. tabacoides lower temperature and shorter photoperiod caused the

formation of gametangia (Nakahara & Nakamura, 1971).
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CAPTIONS TO FIGURES

FIG.

FIG.

FIG.

FIG.

FIG.

and

FIG.

FIG.

FIG.

Mature sporophytes of D. firma at end of summer (May).

Metre rule on right.

Young sporophytes, c‘oHected in spring (September). Note -
trichothallic hairs on margins of fronds.

Scale bar = 10 mm.

Section of frond, showing sporangium (arrowed) in superficial
cortex.

Scale bar = 10 um,

Single sporangium.

Scale bar = 10 um.

Scanning electron micrographs of zoospores.

Scale bar = 1 um.

Gametophyte, approximately 3 days after germination.

Scale bar = 10 um.

Female gametophytes, approximately 10 days old. Settled
zoospore, and germination tube arrowed.

Scale bar = 20 um.

Male gametophyte, approximately 10 days old.

Scale bar = 20 um.
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D. ¢i=m~ ~nd entities which appear to be closely related to it.
Th. cessarily preceded by a discussion of nomenclatural
problems in D. firma.
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FIG. 4.1 The distribution of Desmarestia firma on the coast of
Southern Africa. Closed circles indicate collection
localities. For reasons of clarity some of the

records from the Cape Peninsula are omitted.
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FIG. 5.2 Histograms showing size-distribution (g. dry mass)

of plants in each sample, from July 197Z to January
1979. P4 - Generation 13 [ | - Generation 2.
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FIG., 5.3 Histograms showing size-distribution (g. dry mass)

of plants in each sample, from March 1979 to October
1979, rj - Generation 2; w:] - Generation 3.
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FIG. 5.10 Energy content of D. firma (kJ.g dry mass).

 Each point is mean of values for 12 - 15 plants

with 95% confidence limits. &#—aA - Generation 1;
®—@ - Generation 2.
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plants against ime (2 monthly intervals).
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Relationship between mean dry mass of plants

in each sample (g.) and time of sampling for
Generation 2.

Power curves fitted by method of least squares.
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was to be expected, since t is site was chosen on account of

the abundance of ™ #fi-ma. It is worth emphasising, however,
that even during months uhen D, firma was most abundant (May -
July, at the end of the growing season) very little grew in

the mediate and inshore zon 5 at Oudekraal. The possible
reasons for this are discussed, together with factors influencing

the distribution of the species locally, in Chapter 4.

In a study of standing crop of plants and animals in six

kelp beds between Cape Aghulas and Saldanha Bay, the proportions
" understorey algae relative to kelps, wers shown to vary

considerably betueen different localities (Field et al, 1980 a).

Thus at Kreeftebaai, near Saldanha, understorey algae accounted

for 37% of the total plant standing crop, while, according to

Velimirov ~* ~1 (1977) these algae accounted for only 0.7% of

the total algal standing crop at Oudekraal. It is noteworthy

that a2t Sea Point, Cape Town, although understorey algae account-

ed for only 4.5%of the total algal standing crop on a wet mass

basis (or 10% on the basis of kJ.m_z), N firma yas one of the

three understorey species which together accounted for more

than 1% of the total algal standing crop (Field et al, 1980 a).

gional variatbility in the standing crops of D. firma
was borne out by observations on beach cast, where the fractions

of D. firma in drift varied considerably from place to place.

The maximum standinc cropsof D. firma in the study site and
throughout the Oudekreael ke o bed are compared with data for

the kelps in Table 5.1.

In July 197t and May 1979, when relatively large standing crops
of D. firma were present in the study site (28.0 and 6.5 g.rn—2

respectively) the standing crops of Laminaria pallida were

greater by approximately 40 and 175 times, respectively.
The standing crop of L. pal ida plus Ecklonia maxima in the
{ ijekraal kelp bed as a wht =z, B8l6.6 g.m_2 (Velimirov ~+ =1
1977) is 544 times greater than that of D. firma in March/
April 1979 (1.5 g.m~? (Table 5.1).
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APPENDIX A

iNomenclature and Type Descriptionsof ~Species Compared with

D. firma

This Appendix provides type descriptions and information
pertaining to the types, for species which are compared with
'South African D. firma (Chapter 3).
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1) Desmarestia ligulata (Stackhouse) Lamouroux, Ann. Mus.
Hist. Nat. (Paris) 20:45, pl. 8, Fig. 1,(1813)

Basionym: Herbacea ligulata Stackhouse Mem. Soc. Imp.
Naturalistes Moscou 2:89, (1809).

Type specimen:

Lightfoot's illustration (Fig. 29 in Vol. 11 of his Flora Scotia,
1777) of Fucus ligulatus was designated as the lectotype by
Chapman (1972), since no specimen of D. ligulata was- found in

Lightfoot's collection in the British Museum (Natural History).

Type description:

Lightfoot's original description of Fucus ligulatus reads as

follouws: "fF. fronde membranacea lineari bipinnatoc - ligulata
ligulis ensiformis ciliatis." _

(Frond membranceous, linear bipinnate - liqulate, ligule
sword-liks, ciliate".)

v

"The colour of this‘is a dull green; the substance membran-

. aceous and pellucid, without rib or nerve, but the central stalk

slightly cartilaginous; the height of the whole plant two or
three feet; 1its width, including the branches fairly expanded,
éix or eight inches. The middle stalk is flat and linear,
about Bne-Fifth of an inch vide, and continued from the base to
the summit of the plant, ending acutely. This stalk is doubly
proliferous; for out of the edges in a distichous and opposite-
ly pinnate order, grow narrow sw@rd-shaped, leafy ligaments,
from three to eight inches long, which are égain pinnated with
shorter but similar ligaments, ciliated on the margins with the
rudiments of others, not much bigger than hairs. The primary
\ligaments are for the most part gradually shortened touwards

the summit of the stalk, so as to leave it at last simply

pinnated, and thereby give to the plant a nearly conical form.

 The fructification we have never observed, but suppose they must

reside in the minute cilia or marginal ligaments."
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. Type locality:

"In the Firth df Forth, about New-Haven, and other pléces,

. but not common".

Synonymy:

D. liqulata (Stackhouse) Lamouroux is included in D. liqulata

var ligulata (Stackh.) Lamx. sensu Chapman (1972).

Discussion:

" D. ligulata (Lightfoot) Lamouroux was ostensibly a new combin-
ation of Fucus ligulatus Lightfoot, Fl. Scot. 946, pl. 29 (1777),

‘but that name is illegitimate since it is a later homonym of
Fucus ligulatus S.G.Gmelin, Hist. Fuc. 178, pl. 21. fig. 3,
1768) (which is probably a later taxonomic synonym of Fucus
ciliatus Hudson (1762) = Calliblepharis ciliata (Hudson)

\ Kutzing. The earliest use of the name ligulata in another

genus (thus creating a new name in accordance owth ICBN Article
72, Note 1) is Herbacea liqulata Stackhouse 1809 .(who made the
combination H. liqulata (Lightfoot) Stackhouse). Thus the
basionym of D. ligulata is Herbacea ligulata Stackhouse.

- (Pers comm., P.C. Silva, 30.1.80).

Since Stackhouse based his combination H. liqulata on Fucus

ligulatus Lightfoot, the type remains that of Lightfoot (1777).

2) Desmarestia dudresnayi Lamouroux ex Leman. .Dict. Sc. Nat.
'13:105 (1819). Planches: Botanigue: Végétaux acotylédons:
pl. (43). (1816 - 1819). :

2

Type specimen: A specimen labelled D. dudresnayi by Lamouroux,

which was collected in N.W. France by Dudresnay, and is now in
Lamouroux's collection at Caen (CN) (Fig..3.15) is further
annotated by Sauvageau to the effect that it does not correspond
with the illustration in pl. 43, accompanying Lamouroux's
protologue, As Chapman (1972) points out, it cannot therefore
be recognised as the Holotype. I have therefore recognised it

as a Lectotype.

4
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Type description:

"Fronde plane, membraneuse, foliacée,trés large, légérement
pédiculée, divisée dés l'origine en trois frondules lancéolées,
trés longues, pointuess, traversées dans le milieu par une
nervure longitudinale d'ou partent un grand nombre de veines
transversales opposées, simples, rarement bifurquées a l'extré-
mité; bord des frondules sinueux, ondulé marqué de denteleures
écartées qui se changent guelquefois en petites feuilles de
méme forme gque les frondules.

Cette plane est d'un vert brun, et 'longue de prés de deux pieds;
ses frondules ont d'un a deux pouces et plus de largeur dans

. presque toute leur longeur. Celle a été découverte en France

sur les cBtes de 1'0Ocean, par M. Dudresnay ..."

"Fraond flat, membranous, foliaceous, very'large, gradually
pediculate, divided from the origin into three lanceolate’

fronds, very long, pointed, traversed along the middle by a
lohgitudinal nerﬁe from which arises a large number of trans-
verse, opposite, simple veins, rarely branched at the extremity;
edges of the fronds sinuate, undulate, marked with remote teeth
which. change occasionally into small leaves of the samé form as

.the fronds. B
"This plant is greenish brown and about tuo feet long, the fronds

are one or two inches wide along their whole length. It was

discovered in france, along the coast, by M. Dudresnay ..."

Type locality:

The specimen which I have designated as the lectotype (in
Lamouroux's collection at CN) was collected by Du Dresnay

near St Pol-de-Leon, Finistére, Brittany. (Dizerbo, 1965).

3) Desmarestia herbacea Lamouroux,ﬂnom. nov. Ann. Mus.
Hist. Nat. (Paris) 20:45 (1813).
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Basionym: Fucus herbaceus Turner, Hist. Fuc. 2:78, pl. 99

(1809). This name is illegitimate since it is a later homo-
nym of F. herbaceus Hudson, Fl. Angl. ed. 2:582 (1778), uwhich

is a later taxonomic synonym of F. ligqulatus Lightfoot (Silva

pers comm. ). Houwever, in the case of Desmarestia herbacea

Lamx., the specific epithet is used in another genus, hence

legitimizing it in terms of ICBN Art. 72, Note 1.

Type specimen:

Chapman (1972) designated a specimen in the British Museum
(Natural History) which corresponds to Turner's original
illustration,as the lectotype for Turner's Fucus herbaceus
(Fig. 3.20). This specimen is annotated "North West Coast
- of America" in what is thought to be Menzies' hénd (Chapman

1972) .

Type description:

"Fucus herbaceus, frond membranaceous, flat, obsoletely mid-

ribbed, bipinnate; segments opposits, elliptical, attenuated
at their bases, blunt at their apices, toothed as if with spines

at their margins.

"Frond, flat, two feet or more long, rising with a single
undivided . Stem, at its base nearly cylindrical, and as thick

as a crow's quill, but almost immediately becoming flat, and
gradually widening to tHe height of a feu inches, where it
aquires the width of half an inch, or three-guarters of an inch,
after which it continues linear, till, on approaching the
extremity, it is again slightly narrowed, and terminates in a
rounded apex; the margins are throughout the whole length
serrated, with small spiniform, rather remote teeth; the stem,
from root to summit, is pinnated with opposite, distichous
branches, of the same substance as itself, between horizontal
and patent, separated by intervals of about half an inch, a

foot or a foot and a half long, and the middle ones, apparently
the longesty, their greatest width nearly an inch, attenuated

at their bases into very short sub-cylindrical petioli, rounded

at their apices, tbothed at their margins, and in their turns
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pinnated with a series of ‘others, similar to them in every

particular, except their small size:- throughout the whole frond
runs a midrib, thick and rather wide in the stem, but in ths
branches thin and faint, so as scarcely to be visible, unless
the plant is held to the light, and appearing only like a dark
lipe." He further givas his reasons for considering this a

species distinct from D. ligulata, based largely on the size,

”shape‘and colour of the fronds.

Type locality:

"North-West coast of America. Mr Menzies."

4) Desmarestia latissima Setchell and Gardner ex Pease sp.

nbv., Pub. Puget Sound Biol. Sta. 2.53 p 319, pl. 56, (1920).

Type specimen: _

Pease's isotype specimens of this species are in the Algal
Herbarium of the University of Minnesota (MIN). Two of
these are illustrated in Figs. 3.23 and 3.24.

Type description:

"Fronde magna, foliecea, latissima, inferne sub-coriacea et
evidenter costata; pinnis distantibus, margine dentis distanti-

bus".

(Frond lérge, foliaceous, broad, louer.parts almost leathsry
and with visible veins; branches distant, marginal teeth
‘distant).

Pease (1920) further describes the plants as very large, up to
8m long, fronds 4 - 100 cm vwide, with few widely separated

branches, only rarely of the second order.

Type locality:

. San Juan Islands, Washington.
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5) Desmarestia munda Setchell and Gardner, sp. nov., Univ.
Calif. Publ. Bot. 13:7, (1924).

Type specimen:

According to Silva (pers. comm. in Chapman, 1972) the Phy-

cotheca Boreali~Americana distribution of this species can be

considered as the lectotype collection, with the specimen U.C.

- 809472 (Herbarium of the University of California, Berkley) as
‘the lectotype. ' ’

Type description:

~ "Frondibus per disco firmo parenchymatoideoque affixis,
ligulatis comparate rigidis et coriaceous, usque ad. 8m longis,
4 - 10 cm latis, nitentibus et luteofuscis, maturitate sparse
ramosis; costa in stipite et partibus inferioribus valde
conspicua aut superne ut nervo indistincto ostendente; ramis
vulgo 2-, sed partim 3- ordinatus, ramis maximis, prope basim
oriendis et axim primarium aequantibus, aliquando latioribus
quam axi primaria sed basim ad connectioneus parvam cylindra-
ceamgque attenuatis, superne acuminatis aut rotundatis, margini-
bus ubique projectiones spinuliforme remotas cum angulis
supernia rotundatis ostendentibus; stipitibus fere ad basim

. complanatis."

("Fronds attached by a firm parenchymatous disc, ligulate
relatively rigid‘and coriaceous, up to 8m long, 4 - 10 cm

wide, glossy, yellowish-brown in colour, sparingly branched

at maturity; midrib praominent in the stipe and loUef—parts,
becoming inconspicuous or appearing only as a mere nerve above;
branches usually of 2 but in part 3 orders, the largest primary
branches arising near the base at times as long as the central
rachis, and even wider in part, taperimg rather abruptly to a
small cylindrical connection at the base, acuminate or raounded
above, the margins of all bearing very prominent, rather
diétant, spine~like projections with more or less rounded angles

above; stipe flattened almost to the base."
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Type locality:

"Growing principally on rocks in the sub-littoral belt.
Puget Sound, Washington, to southern California (San Pedro)"
(Setchell and Gardner 1924). According to Chapman (1972)

- the collection data for the lectotype are "floating, west
coast of Whidby Island, Washington, June 1901 N.L. Gardner".

. Synonymy:
According to Chapman (1972), D. munda Setchell and Gardner
(1924) is a taxonomic synonym of D. ligulata (Lightf.) Lamouroux.
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APPENDIX B

South African Distribution Records for D. firma
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Appendix B - List of Southern African Localities from uwhich

D. firma is Recorded. -

Cape Point, 14.2.1973, Sea Fisheries Divers. Olifantsbos,
5.2.1954, W.E. Isaac (L). Kommet jie, (drift), 20.3.1970,

~M.L. Branch. - Camps bay, W. Tyson (PRE). Sea Point, W. Tyson
(PRE). Three Anchor Bay, W. Tyson (L, BOL). Table Bay,

April 1869, H. Becker (BOL), W. Tyson (PRE), C.B.S. (TCD),

"E.M. Hol (8M). 'Deep water', Table Bay, W. Tyson (PRE, BOL).
Mouille Point, (drift), 12.1.1967, R.H. Simons. Cape Columbine,
January 1982, N, Jarman. Port Nolloth, 26.10.1935, J.A. ‘
Stephenson (BM), 22.1.1958, R.H. Simons and J.M. Graves. .
Luderitz Bay, 26.7.1959, W.E. Isaac (PRE). Seal Island, False
Bay, 28.11.67, Sea Fisheries divers (Seaweed unit). Cape
Agulhas, E. Thuwaites (received January 1891, BM). |

'In addition to the above records, I have observed or collected

D, firma at the following localities:

Maclear's Beach, 0lifantsbos, Scarborough, Witsand, Kommetjie,
Noordhoek, Hout Bay, Llandudno, Oudekraal, Bakoven, Sea Point,
Blbubergstrand, Marcus -Island (Saldanha Bay), Elands Bay, and .
Hondeklip Bay. :
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APPENDIX €

Organisms Found on D. Firma

This Appendix provides a brief description of the major
organisms growing epiphytically on, or in close association

" with the fronds of, D. firma.
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1) Observations

a) Epiphytic Algae

There was a steady increase in the microflora on the surface

of fronds, throughout the life of D. firma plants. Young
plants, in spring or summer, had little or no epiphytic micro-
Flora (Fig.3 ), but by the end of winter dense aggregates of
diatoms, as well as several species of filamentous red and

green algae covered the surfaces of all D. firma plants collected

during routine sampling (Fig. 1 and 2 ). Plants with Ectocarpus

sp. growing on their fronds were found in drift at several

localities on the Cape Peninsula.

b)  Macroscopic Epifauna

Three macroscopic animals were found on the fronds of D. firma.

‘Two of these, the barnacle Balanus amphitrite and an Electra-

like hydroid, were attached to the holdfast,stipe and axial
fronds of plants, while the amphipod Ampithoe humeralis form-

ed nesting tubes in the fronds of plants (Fig. 4).

Animal Nov |Jan fMar |[May | July |Oct
.Ampithoe humeralis tubss 2 12 17 7 4 7
Balanus amphitrite 0 0 0| 3 1 0
Hydroid 0] o] o) 4 3| 3
Total no. of plants sampled | 150 | 200 (150 (150 {170 26

TABLE C.1 Percentage of plants (Generation.Z) supporting
epyphytic Hydroids, Barnacles and amphipod nesting

tubes.

The percentage of plants with amphipod nesting tubes increased
from 2% in November 1978 to a maximum of 17% of the population
in March 1979, then declined to 4% in July 1979. The apparent
“increase in October may be an artifact of the small number (26)

" of Generation 2 plénts in that sample.
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A small percentage of plants, from March 1979 onuwards, supported
barnacles and hydrozoans. These organisms always grew on the

basal portion of the axial frond, just above the stipe.

2) Discussion

The buildup of epiphytic algae, hydrozoans and barnacles
appears to be a simple increase with time, as the plants

" become older. The amphipods appeared to occupy nesting tubes
~as soon as the plants were large enough to support them. The
. decline in the percentage of plants with nesting tubes, after
" March 1979, is probably related to seasonality in the life-
cycle of these animals, since there is no indication that the
plants become less suitable for settlement, later in the
season. It is interesting that a specimen of Desmarestia

collected from Wellington, New Zealand, now in MIN (No. 554871)

also bears tufts of Ectocarpus sp.

~The progressive increase in the microscopic flora on the
surfaces of the fronds presumably has several harmful effects.
Firstly, penetration of light into the cortical cells is
reduced, Secondly, the epiflora presumably impedes the flow
of water over the frond surface, and the microscopic algae may
"compete with the host plant for nutrients.. 0ld fronds are
palpably rougher than young specimens: increasing uater
resistance presumably places a greater tensile strain on the
plant when surge action is strong. It is possible that carpets
of epiphytes may attract grazers, which would damage the tissue
of the host during feeding, although there is no evidence for

this.

There can be little doubt that towards the end of summer, the
abundant epiphytic algae must promote the senescence of the

Desmarestia population as a uhole.
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Appendix Figs.

Cross-section of old (approx1mately 1 year) D. firma

plant shou1ng epiphytes.

Plurilocular sporangium of spiphyte, common on old

D. firma.

Cross-section of frond of young (approximately 2 month

‘'0ld) D. firma, showing epiphyte-free surface (arrouwed).

‘Tube in old D, firma frond, formed by the amphipod

Ampithoe humeralis. The grazed surface of the frond,

adjacent to the tube, is arrowed.

| & JAN 1983





