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PREPARATION OF THIS SYNOPSIS

This is the first in a series of species synopsis on biological data of large brown
seaweeds which are knoin for their importance in the kelp industry and as a source of raw
material for a].ginio acid and alginates.

The material presented in this synopsis is based on data collected by the author in
the course of personal research work on the species and also, on information received from
various sources, most of which are listed in the Bibliography.
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1 IDENTITY

1.1 Nomenclature

1,11 valid scientific name

Saccorhiza polyachides (Lightf.) Dati, 1902,
A catalogue of the British Marine Algae.

1,12 Nomenclatural synonyms

The first binomial applied to this species
was Fucus polyschides Lightfoot 1777, Flora
Scotica volume 2, p.936.

Other synonyms for this species are:

Fucus bulbosus Hudson 1778, p, 579
Ulva bulbosa Beauvois May 1805, p,20, plate 13
Ts U. tuberosa)

tJlva bulbosa (Huds,) Lamark et de Candolle Sept,
T05, p.16 nom, illeg,

Diva tuberosa Beauvois Nay 1805, plate 13 pro
syrion. nom, illeg.
yschides bulbosa (Huds,) Stackhouse 1809, p,66

Laminaria bulbosa (Hudz,) Lamouroux 1813, p.22
Laminaria belvisii C, A:rdh 1820, p.115, nom.

nov. = Uiva bulbosa Beauv, non. U. bulbosa
(Buds,) Lamark & D.C.

Laminaria elliptica C. Agardh 1820, p.119
Laminaria plmcta-ta Dory 1826, p.190
Laminaria turnen Bory 1826, p.190
Saccorhiza bulbosa (Hude,) Do La Pylaie 1829, p.23

jnla bulbosa (Huds,) Decaisne 1842, p.345
Phycocastanuni bulbosuni (Huds,) Kitzing 1843, p.346
Saocorhiza olliptica (C. Ag.) Cruoan 1852, no.87

1,13 Vernacular names

The popular names given -to this species
include:

British Isles: bulbous Laminaria, bulbous-rooted
tangle, furbelows, sea furbolows, great fur-
lowed Laminaria, furbelowed hangers

Norway: sekktare

Portugal: carocha, caixeira, cintas9 golfe or
golfo, iimo-corroia, limo-corriola

1.2 Taxonomy

1,21 Affinities

Sup ragene ri o

Saccorhiza polyschides (Lightf,,) Batters
(1902) belongs to the family Laminariacoae of
the order Laminariales of the division Phaeophyta,

Generic

The genus Saccorhiza was established by de la
Pylaie in 1829 (Flore de L'ue de Terre Neuve et

1:1

les iba St, Pierre et Miolon p.23), The type
species of the genus s Saccorhioa bulbosa (Huds.)
de la Fyi. a synonym for S, poiyschideÇLightf.)
Bait,

The sporophytos o.? the genus are annual
plants, They are characterised by a lamina which
lacks a midrib but possesoes clyptootomata, The
stipe is flattened end develops a dis-tinot sub-
sidiary holdíast r'bove the original at-tchmont
organ, The unibocular sporangia of Lertile spo--
rophytes each contain 128 zoosporee, The para-
physee which are aleo found in the reproductive
son are devoid of the hyaline tips found on those
of Laminaria,

Specific

The type of -the species is Fucus polyschidoc
Lightfoot collec-tcd ftom -the Island of lona, West
of Scotland, Lectoype material io located in
the Herbarium of the British Museum, London.

The sporophyte of this apecies io roadily
distinguished from those of Lemnania by the
cryptostomata on -the larnina he flatiened and
basally -twisted stipe, th reproductive frills on
the sides of the stipe and the large basal 9bulbi
which is quite unlike the holftfast of Laminaria,

The only other species included in the genus
is S. dermatodea, a species largely confined to
the Arctic Ocean, The geographical distribution
of the two species does no-t overlap, Recent cul-
turo studies of S. derrnatodea have confirmed its
affinities with S, polyschdes (Norton, 1970),

Key to the species of Saccorhiza:

Lamina of sporophyte en-tire or divided into
30 or more digits, stipe long, up to 210 cm x
8 cm, twisted at base and in adult plant bearing
undulating lateral extensions; secondary hold-
fas-t a hollow bulbous expansion up to 30 cm in
diameter, bearing numerous whorls of imbranched
haptera, . .. .5. yschidos,

Lamina en-tire or divided into only 4 to 5
digits, stipe short up to 60 x 2 cm, lacking
basal twist and lateral undulations; secondary
holdfast a small umbrella-shaped expansion up to
5 cre in diameter, bearing only two whorls of
haptera which may be branched,,.,, 5. dermatodea,

1.22 Subspecies

No subspecies are recognised by the present
au-thor,

1,23 Genetic data

Some aspects of the cytology of S. poly-.
schides have been examined by Evans (1965) using
sodified acetocarmine squash methods and Feulgen
squashes, He found that the nuclei of S. poly-



schid.es were larger than those of the other lamina-
nana he examined, The nuclei of the female game-
tophytes were 8-14im in diameter, with a nucleolus
of 3-4mi whilst the nuclei of the rile game-tophy-tes
were 2.5-4.2im in diameter, There was an increase
in nucleus size prior to oogonial formation and
oogonial nuclei of 18un in diameter were not un-
common,

The number of chromosomes in . polyschides is
reported to be 62 in the diploid state and 31 in
the haplold state (Evans 1965), Although the
chromosomes varied in size, in the female gameto-
phyte the majority were between 0.8pm and 1.m
long, but there was always a very large chromosome
4jum-.6pim long. This was desig ted the X-chromo-
some by Evans (1965). It stained well with
Schiff's reagent and was present in the cells of
female etophytes and of young sporophytes, but
was not found in male gametophytes, Evans (1965)
postulated that there is probably an X/Y sex-
determining mechanism in S. polyschides and that
sex segregation takes place at the first meiotic
division during spore formation. It is therefore
probable that the zoospores from a single spor-
angium produce equal numbers of male and female
garnet ophyt es.

1.3 Morphology and anatomy

1.31 External morpholor

The thallus is pale dark brown in colour and
is clearly differentiated in-to lamina stipe and
holdfast (Fig, i). The lamina bears characteris-
tic cryptostoma-ta and may reach 150 cm or more in
length. The stipe is flattened and twisted to-
wards its base. It may measure up to 210 cm long
and 8 cm wide. The stipe of the adult plant
usually bears undulating lateral extensions, the
reproductive frills. Obscuring the original
Laininania-like holdfast is the 'bulb', a hollow
bulbous expansion up io 30 cm in diameter. It is
covered with short protruberances above arid at-
tached by unbranched haptera below.

The appearance of the sporophyte varies
greatly. At the Isle of Man and in South-West
Ireland Norton (1969) observed striking differences
in the morpholo and the anatomy of sporophytes
growing in different, although sometimes adjacent
habitats. The variations were found to be as-
sociated with the different environmental condi-
tions in the various habitats, and especially with
the degree and typo of water movements to which
the plants were subjected. In areas of weak cur-
rent the plants produced broad, curved blades,
distinctly cordate at the base, devoid of digits
and so flimsy that they tore under their own
weight when removed from the water. In contrast,
plants growing in strong currents developed very
long, flat, tough blades, cuneate at the base and
divided into 30 or more digits. In habitats
without current but exposed to wave action, the
sporophytes possessed short, flat extremely tough
blades with few, usually only 3-10, digits.

It was found that the greater touginess of
the blades in plants from areas of current, and
more particularly turbulence, was the result of
a larger number of cortical cells increasing the
thickness of the thallus. Experiments in cul-
ture and transplants of labelled sporophy-tes in
the sea indicated that these variations in mor-
phology and anatomy were phenotypically based
rather than genotypically selected. Spores
taken from plants growing in three localities
were cultured together under identical conditions
for over six mon-the. By this time, the largest
of the resultant sporophytes wore 32 cm long and,
in contrast to the disiinctiona which would have
arisen after a similar period of growth in their
natural habitats, the plants were iridistinguish-
able. In addition, young sporophy-tea were
transplanted from one locality to another in the
sea. Wi-thin 12 weeks of transplanting, the ape-
rophy-tes had completely changed their morpholo
and had become indistinguishable from the control
plants native to that habitat (Norton 1969).

1.32 Anatomy

The primary growth of the sporophyte results
from cell divisions in the intercalary menistem
which is situated at the junction of stipe and
lamina, The menistem gives rise to new lamina
tissue above and new a-tipe tissue below. Both
stipe and lamina are essentially similar in trans-
verse section. They are composed of a central
medulla, a surrounding cortex and a peripheral
menistoderm (Fig. 2). The superficial moniato-
denia is composed of small, cubical cells full of
chromatophores and with a thicken outer wall.
The cortical cells become larger towards the
centre of the section, but their size and the
number of cell rows depends upon the stage of
development of the plant and upon the region of
the plant from which the section is taken. In
transverse section (Fig. 2) the cortical cells
are usually square or rectangular in shape but
in longitudinal section they are progressively
more elongated towards the medulla. The dis-
tinction between cortex and medulla is not clear-
cut, for -the cortical cells adjacent to the
medulla aro distorted and merge with the medul-
lary tissue. The medullary elements are often
septate and branched and are invariably much
elongated and predominantly longitudinal in
arrangement. They also possess thick mucilagi-
nous walls. None of the sieve-tube like ele-
ments which have been described in Laminaria
saccharina (Sykes 1908) are found in S. £2Y-
sohides, nor are there any mucilage ducts in the
cortex, such as those found in Laminaria hyper-
borea and in the blade of L, sacoharina. Al-
though transverse sections through both stipe
and blade show essentially similar structures,
one taken across a hapteron is fundamentally dif-
ferent (Barber 1889).

The meristem of the transition zone appears
to be the primary source of new cells, but the
peripheral menistoderm also retains its menate-

1:2 FIRM S83 bulbous Laminaria
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Fig, i A drawing of the adult sporophrte of S. polyschides showing
the distinctive morphological features of the species
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Fig. 2 A transverGo section taken across the base of the
lamina of a 22-.week old sporophrto grown in culture
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Fig, 3 The microscopic sts in the life history of S. £2.yschides

25p

A A vertical section through a sorus on the lamina; C Female gametophy-tes; the stipplod area rep-
the darker bodies are the spores in the sporangia resents the tissue of the developing sporophyte
which are surrowided by sterile paraphyses

B Male gametophytes bearing antheridia
D A 28day old sporophyto with several rhizoidz
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matie activity and adds to the length of the thai-
lus by means of transverse divisions and to its
girth by cutting off new cortical oeils t en-
tially. Th cortical cells seem to be unable to
divide but are capable of considerable extension
in a longitudinal plane. Thus, as the frond in-
creases in length the meristoderm cells tend to
retain their size and shape by repeated divisions.
The cortical cells on the other hand become gra-
dually more elongated until they eventually become
distorted, swollen with mucilage, and lose their
cellular appearance, thereby contributing more
elements to the medulla,

The medullary elements also appear to have
little meristematic activity and, as the surround-
ing tissues expand, they too are passively
stretched. The chief distinction between the at-
tenuated medullary elements and the innermost lay-
ers of the cortex is the copious production of
mucilage by the former,

Other elements are also found in the medulla
of S. polyachides. Septate cross connections
are apparent in transverse section (Fig, 2).
According to Sauvageau (1915) they are derived
from the fusion of protrusions from the longi-
tudinal walls of the innermost cortical cells.
Hyphae are also produced. They differ from the
cross connections in that they do not fuse with
each other. The hyphae extend in all directions
between the other elements but they are pre-
dominantly radial and must contribute to the
strength of the thallus without greatly limiting
its flexibility.

In mature plants the reproductive son de-

velop on the surface of the thallus ai the base
of the lamina, on the frills and on the bulb.
The seri are composed of unilocular sporangia
interspersed with sterile paraphyses (Fig. 3A).
Mature sporangia reaches i 2im long and 2Opxn
wide. Each sporangium produces 128 zoospores.
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2 DISThIBUTION, ECOLOGY A11) MF7PABOLISM

2,1 Total Area

S. polyschides is found all around the British
Isles and on the Atlantic coasts of Norway, Franco,
Spain, Portu&l and Morocco. (Fig, 4),

The northern limit of the species was estab-
lished by Grenager (1955) at approximately 65°30'N.
on the Norwegian coast, 225 km north of Trondheim,
The species has not been found in the Arctic Circle,

The southernmost limit of the species would
appear to be on the west coast of Africa. The
species is recorded from Morocco (Dangeard 1949,
Gayral 1958) and is reputed to occur as far south
as the Rio de Oro, Spanish Sahara (Feldman 1951)
and Shama, Ghana (Beauvois 1805), Beauvois' re-
cord is substantiated by a specimen of S, poly-
schides (in the Horneman herbarium at copenhagen)
which was sent by Beauvois from the coast of Guinea,

In the Mediterranean, S. polysohides is not
usually found further east than Malaga, Spain, lat.
36°50'N, long. 4°50'W, (Seoane 1966) and Melilla,
Spanish Morocco, lat, 35°17'N long. 2°57'W.
(Bellen 1925). Bornet (1892 reported the species
from Italy at Portofino and in the Stretto di Mes-
sina, and Funk (1927) reported a specimen from
Naples. Sauvageau (1918) emphasised that records
from the Mediterranean were only isolated occur-
rences, the species being unable to maintain itself
in this region. However, Meunier and Picard
(1953) reported that S, polysohides had established
itself in the region of Messina. They regarded
this population as a recent introduction resulting
from the installation of artificial substrates arid
the increase in shipping in the area,

2.2 Local vertical and horizontal
distribution

S. polyschides is usually epilithic, but in
sheltered-water localities at both Port Erin, Isle
of Man, and Lough me, Ireland, it also grows
loose-lying, attached only to small stones or
shells, The species is usually, but not in-
variably, found in turbulent-water habitats and is
characteristically abundant in areas subject to
current. It is confined to the sublittoral region;
even the uppermost plants in the Saccorhiza zone
are only exposed by the Etreme Low Water of Spring
Tides (E.L,W.S.),

The deepest attached plants of S, polyschides
found by the author were 15 rs below E.L,W,S, at
Carsaig in Argyll, on the west coast of Scotland
(McAllister, Norton and Conway 1967), In the Isle
of Man, Kam (1960) recorded attached plante of
this species down to 19 m and during the present
work loose-lying specimens were found to survive in
a healthy state at a depth of 24 rs in Bay Fine,
near to Port Erin. Isolated individuals have been
reported from depths of 30-35 rs by John (1968) in
Cornwall.

Lewis (1964) stated that S. polyachides wao
usually found growing at a level immediately be-
low that of Alaria esculcnta or Laminaria digitata,
but above that of Laminaria hyperborea,, However
at Port Erin end at several seaward stations on
the coast adjacent to Lough me, Ireland, S. pol-
schides was invariably found belox the L.hyperbore'a
zone. On Port Eriri breakwater, the L. erborea
zone ended abruptly at approximately 6 m below
E.L.WOS, Whatever factors controlled the lower
limit of this species, they did not appear to af-
fect S. polyschides which was most abundant im-
mediately below the L. hyperborea zone and extended
down to a depth of 8 rs.

2.3 Effects of ecological determinants

The environmental factors most likely to be
responsible for the geographical distribution of
S. polyschides are sea temperature, light and
salinity,

The northern limits of the geographical dis-
tribution of S. polyschides seem to be most prob-
ably controlled by the low winter water tempera-
tures or the six months Arctic night, In culture
sporophyte production was inhibited and the game-
tophrtes progressively lost their aility to form
sporopbyies at a temperature only 2 C below that
at which the plants survive at the northern limit
of their distribution, On the other hand, a-
though a low light intensity of 37 cal./cm
sec had no effect on the ability of the gameto-
phytes to produce sporophytes, it subaeqiently
inhibited the growth of sporophytes,

The southern limita of distribution arid the
sparsity of the species in the Mediterranean may
be related to the high water temperatures during
the summer, In culture the plante were adversely
affected by a temperature of 21-26 C. Only a
few abnormal sporophytes developed arid they quickly
succumbed to contamination,

S. polyschides is not found in areas of re-
duced salinity and is completely absent from the
Baltic Sea, In culture, the species was found
to develop at a progressively slower rate at lower
salinities and development was irreversibly in-
hibited at salinities below 9 ¡co (Norton and
South 1969),

The environmental factors most likely to be
responsible for the local distribution of the
species aro desiccation and grazing.

As S. pyschidec ia confined to the sub-
littoral zona it would seem that the planta are
unable to survive ai a level where they would be
subjected to the extreme fluctuations in condi-
tions associated with the intertidal region. At
Lough Ine, Ireland, in August 1964, the author
observed that when large numbers of sporophytes
were exposed io air by E.L.W,S, during a hot
summer's day, the majority of the plants dried
out rapidly and. wore killed.
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Fig. 4 The geographical dlitribution of S. poi schides



The major grazing animals influencing the
distribution of S. polyschides aro the echinoderms
Echinus eaculontus and Paracentrotus lividus. Kam
and Jones (1966) have shotn that on Port Erin break-
water, the lower limit of the Saccorhiza zone was
at least partly controlled by the grazing pressure
of the sea-urchin Echinus esculentus which feeds on
both the gametophytes and. sporophytes. The re-
moval of the echinoderms enabled S. polyschides to
colonise the lowermost available rocks, at a depth
of 11 m below E.L,W.S., thus extending its depth
range in this habitat by 3 m, Similarly Norton
(unpublished) has found that grazing by Paracentro-
tus lividus is a major factor excluding S. poly-

iides from Lough lue in Southern Ireland0

Herbivorous gastropods also feed on S. polj-
schides. Patina pellucida rasps out characteristic
deep pockets in the host tissue. Such excavations
undoubtedly weaken the plant and render it more
likely to be damaged by wave action. The laminae
of sporophytes at a locality near to Lough me
were extremely tattered owing to the ravages of P.
pellucida and Lacuna vincta which were very abun-
dant on the fronds (Norton 1970a).

2.4 Nutrition and Growth

2.41 Assimilation and
2,42 Respiration

There has been little work on these aspects
of the physiolor of S. jyschidos. However,
Kam (1969) determined the minimum irradiance re-
quired for the growth of microscopic sporophytes.
This is likely to be almost the same ag the compen-
sation point. A-t a temperature of 10 C the mini-
mum irradiance required fo growth in culture was
between 1 and 3 ug cal,/cm sec(10-30 lux in day-
light) (Kam 1969). There is however, some evi-
dence that the minimum irradiance for growth is
higher for macroscopic sporophytes (Norton and
Burrows 1969a).

2.43 Nutrition

Again, little information is available, Some
indication of the plants' requirements may be
gained, from a consideration of the media in which
they have been successfully cultured, Unfortu-
nately they have never been cultivated in a defined
medium, The present author found that they grew
well in sea water to which were added soil-extract,
solutions of sodium nitrate, sodium phosphate and
the range of trace elements and vitamins listed in
the ASP2 medium of Provasoli, McLaughlin and Droop

(1957).

2,44 Growth

The growth rates of microscopic sporophytes of
S. polyschides have been investigated by Kam

T1969). It would seem that blow saturation ir-
radiance (about 50 ig cal./cm. sec at 10°C) there
is a straight-line relationship between coli divi-

sions per day and irradiance., There is also a
straight-line relationship between the logarithm
of the sporophyte length and the lorithm of
the number of cells per sporophyte, up to 1,000
cells when the sporophyte becomes poiystromatic
(Kam 1969),

The rate of thallus extension of macroscopic
sporophy-tes has been determined by the present
author in two ways: on the mean increase in
plant size of a population and on the basis of
measurements of marked individual sporophytes.

Table I gives the statistical analysis of
the mean measurements of stipe length, stipe
width and blade length of monthly samples of S.
polysohides sporophy-tes taken from Port Erin
breakwater. The annual cycle of the develop-
ment and decay of the sporophyte is clearly seen.
The maximum inorease in mean blade length was
249 nun from June to July 1965 (Table I). This
represents a mean rate of frond extension of
62 mm per week and the rate of increase of the
fastest growing plants was probably far higher
than this, A maximum increase in mean stipe
length of 117 mm was recorded between June and
August 1964 (Table I); a mean rate of stipe ex-
tension of only 13 mm per tieek.

Individual sporophytes of S. polyschides
were marked and measured at monthly intervals
(Norton and Burrows 1969), A total of 68
plants -rere labelled and remeasured at Port Erin,
Isle of Maxi and 101 plants at Lough me, County
Cork, Ireland, Although the rates of thallus
extension -they recorded were somewhat variable,
certain generalisations emerged, Firstly, by
far the greatest increase in blade length was
found to occur in the proximal 25 mm immediately
above the meristem, In the vast majority of
sporophyten no measurable increase occurred
further than 75 mm from the meristem. Secondly,
there was an interrelationship between extension
growth, fruiting, and the rotting of the thallus
which followed maturity. The rate of blade ex-
tension was most rapid in juvenile sporophy-tes
and rates of up to 145 mm/week were recorded,
Many of the increases were however, minimal
readings, for as a result of distal decay some
of the punched holes for measuring blade in-
crease were lost, The rate at which new tissue
as added decreased as the plant became larger,

until eventually it stopped altogether. This
point appeared to coincide with the beginning of
the fruiting period. Not a single fertile spo-
rophy-te was found that was growing measurably.
Moreover, although the distal decay of the thal-
lus appeared to follow fruiting, it was in fact
a more or less continuous process which only be-
came apparent when growth ceased and the blade
began to shorten,
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TABLE I

Statistical data from the analysis of measurements
of sporophytes in monthly samples taken from the

S. polysohides population on Port Erin Breakwater

Month
Mean

in rum

Range
in mm

Standard
Deviation

Standard
error of
the mean

Stipe length

1964 June 83.0 1.00 - 400 10,60 1,50
August 200.0 1.00 - 560 15.64 2.21
October 157.0 3.00 - 470 11,19 1.69
November 117.0 0 - 470 11,39 1.61
December 109.0 0 - 400 17.87 2.51

1965 March 74.8 0 - 330 9.76 1.38
April 77.2 0 - 360 10.98 1.55
June 10,0 5.00 - 20 - -
July 41.2 5,00 - 290 8.43 1,19
October 229.0 35,00 - 510 12.18 1.72

Stipe width

Juno 6,1 1.00 - 20 0.51 0,071964
August 8,8 2,5 30 0,79 0,11
October 13,5 2.5 30 0,69 0.10
November 6.6 0 20 0,57 0.08
December 1,2 O 2,5 -

1965 March 1,0 0 - 2.5
April 0.6 O 2.5
June 5.0 O O O
July 10,0 O 0 0
October 14,0 2.5 30 0,78 0,14

Blade length

June 180,0 10,0 560 12,30 1,741964
August 322,0 30.0 750 16.21 2,30
October 315,0 O - 730 14,55 2.06
November 147,0 0 - 510 13,28 1,88
December 142,0 0 -430 13.11 1.86

1965 March 136,0 0 - 500 13.24 1,87
April 122.0 0 - 500 15,27 2,16
June 191,0 15.0 -440 21.17 2.99
July 440,0 70.0 -1010 30,45 4.30
October 379.0 0 - 810 16.21 2,30
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3 LIFE HISTORY

3.1 Life Cycle

3,11 Alternation of generations

S. polysohides exhibits a typical Laxninarian
life history in which a macroBcopic eporophyte
alternates with microscopic, ctioecious gameto-
phytes,

3.12 Nuclear phases

The aporophyte is diploid, the metophytes
are haploid. Evans (1965) has shown that meiosis
occurs in the development of the sporangium. The
zoospores are therefore haploid and the diploici
state is restored at the fusion of gametes.

3,2 Reproduction

The reproduction of S. yschides has been
described from culture by Norton and Burrows

(1969), They found that the dovelopmont of the
dioecious gametophytes from spores, the production
of sporophytes and their subsequent development
was a continuous sequence of events without a res
tirig stage.

The pale, motile zoospores are pear-shaped,

5 ¡um in diameter and each is furnished with a
single eye spot, a plate-like chromatophore and
two unequal, laterally inserted fi lia. Th
release of zoospores has been described by Norton
and Burrows (1969), The eporangium was seen to
burst at its apex and to e'udo a long mucilaginous
envelope which rounded off immediately after ex
trusion, The active, bifl&llate zoosporos rc-
named together only momentarily before stammiug
away, following spiral pe.ihs. Ripe sporenga
dissected out from the sorus were not observed to
burst and release their spores, This perhaps
corroborates Schreiber's (1930) suggestion that
the pressure of the surrounding eporaxigia may con-
tribute to debiscence,

In undisturbed medium the soospores settle
after only o few hours of motility, None remain
planktonic after 24 hours, The swarmers are fur-
nished with a pimontod eye spot end are photo-
sensitive. When subjected to unilateral illumina-
tion in the laboratory, they invariably settle
away from the light and they may therefore be con-
sidered to be photonegative.

After settlement, the zoospores terminate to
produc retophytes at water tempere.tures ranging
from 22C-26°C and at lieht intensities from 37 pig
cal/cm sec-275ig cal/em'soc. Under conditions of
full salinity, the percentage of spores that ter-
minate is in the region of 76%, but at reduced
salinities the percentage germination is dras-
tically reduced. Loss than 1% of spores germinate
at a salinity of 110/00 and there is no development
whatsoever at salinities below 90/00 (Norton and
South 1969).

The microscopic gametophytos may be unicel-
lular or filamentous and branched (Fig. 3),
The male gametophytes oro more branched than the
female gametophytes and have more numerous, paler
cells. The cells of the female gamotophytes
are usually 1419pim in diameter and 1-2 times as
long as broad, whereas the cells of the male

etophy-tes are only 9-11un in diameter and are
up to several times as long as broad, Often,
in culture, the female e-tophy-te is confined
to a single cell which acts as an oogoniuln and
extrudes a singlo egg measuring 11 x 22pm. The
male ganetophyte produces clusters of tiny, coni-
cal an-theridia each of which produces a single
bifiagellate antherozoid measuring approxiatoly
5 pin in diameter. At a temperature of 10 C
gametangia are usually produced within 10-12 days,

The antherosoid is released by the apical
dehiscence 01' the snheridium. Similarly, the
egg is extruded from the oogonium which bursts
at its apex, The egg is not usually released,
but remains perched on the empty ooganium during
the early development of the sporophyte. peri-
mental work in culture suggests that the gametes
can be produced and released over a similar range
of tempero-tures, light inicnsi-ties and salinities
to those suitnbïø for spore germine-Lien, The
minimum irredionce for the maLurity of metes
is 3 pig cal0/cu2isc (30 ]ix in daylight),

Mter fer-tU irion the sygoto sea] la end
elongates, It diri des repecdly frsi trans-
versely thon also longitudinally jo Droduce the
young erorophyto, The bean]. cells dve1op into
colourless rhiscids to attach the devoloning
sporophy-to, Ie?1 stoma t je cc Livity grathially be--

comes concentrated touards the bao o the plant
which bocones polys-tronatie as rL increases in
size,

-

The easonel behaviour of S, olyschides at
Port Erin Isle of flan, ho-s been described by
Norton and Burrows (1969), The percentage of
aporophytes at different stages of development
end -the percentage fruiting in monthly samples
token from Port Erin Breakwater is shown in
Table II, Ill-though juvenile pianto wore preasn-t
oil -the year round there was clearly on annual
cycle tu th no overlap between the now generation
of sporophy-tos end -the decaying bulbs of -the pre-
vioua season, The motu generation of oporophy-tsa
first beceme evident in lato tiny, After a period
of rapid growth during -the summer, the onset of
fruiting in October coincided with the cessation
of growth, The pez-centage of the porophytes
tha-t were fruiting steadily increased throughout
the autumn and winter until it reached a mezimum
in Ilarcli, By flay, the proportion fruiting had
dropped -to only 2%,

Phillips (1896) was one of the first workers
to suggest that S, rschides was en annual
species, Previous workers had considered it to
be perennial as -they had found adult sporopliytcs



3:2 FIRM S83 bulbous Laminaria

TABLE II

The porcentc of sporophy-tes at three sts in development
and the percentage fruiting in monthly samples taken from the

S polyschides population on Port Erin breakwater

Months Juveniles Complete adulta Stipeleas bulbs Fruiting

1964

J 32 54 14 22

F 40 28 32 42

M 43 9 48 53

A

M 40 60 0 2

J 60 40 0 2

J 90 10 0 2

A

s

72 28 0 10

0 52 46 2 24

N 52 12 36 34

D 30 18 52 48

1965

J -
F 30 16 54 56

M 24 16 60 64

A 28 14 58 60

M 30 70 0 2

J 98 2 0 0

J 94 6 0 0

A

5 64 36 0 15

0 42 55 3 22

F 40 30 30 38



at all times of year. Phillips (1896), however,
clearly stated that although the majority of the
plants in a population overwinierod as stipeless
bulbs, some healthy sporophytes also survived the
winier. Spence (1918) in Orkney reported the per-
sistence of large complete plants into the summer
of their second year. This led him to describe
S. polyachides as not so much an annual as a mono-
carpio plant, On Port Erin Breakwater too, in
addition to the stipeless bulbs, some complete spo-
rophytes overwintered. These plants did not fruit
in the autumn with the majority of the population
and the observation of labelled individuals showed
that they did not become fertile until the follow-
ing simmer.

A study of the literature suggests that the
seasonal cycle is essentially similar in various
parts of the species' geographical range. Young
sporophytes arose in May and lost their stipes by
November in Norway (Prints 1926; Svendsen 1962)
and Orkney (Spence 1918). In other localities
such as Anglesey (Phillips 1896) arid Northern
ii'rance (Sauvageau 1918) the sequence was the same,
but it began in mid-March. In all of these locali-
ties as well as in Morocco (Gayral 1958) the stipe-
less bulb overwinters.

The difference in the time at which the new
population arises in different localities can be
accounted for by seasonal rather than latitudinal
differences, for in 1955, an exceptionally calm
arid sunny year, Burrows (1958) reported that S.
2yschides plants first became evident in March

at Port Erin. It should be noted that at Port
Erin the climatic conditions, including water
temperature, were very similar in both 1964 and
1965. This may account for the close similarity
in the timing of the seasonal cycle in the two
years.

S. polysohides seemed to be incapable of re-
suming growth after fruiting; no sooner had fruit-
ing begun than decay became apparent on the blade
and then on the stipe, both of which were subse-'
ojuently lost. Fruiting bulbs, however, persisted
throughout the winter until they too decayed and
the majority became detached from the substrate by
March. The overwintering, stipeless, bulbs were
found to be capable of releasing viable zoospores
throughout the winter months, even in March when
parts of the bulbs were rotting. Whether, in
fact zoospores were being released from the bulbs
in nature is not known, but it seems likely that
-they were. If spores were being shod in the field
throughout the winter, the bulbs must supply a vast
reservoir of material from which the new population
of the following spring may be derived.

Little information could be gained from the
literature regarding possible differences in the
fruiting period in different localities, for most
authors failed to distinguish between the new
generation of sporophytes and those which had arisen
in the previous year arid overwintered. The only

clear accounts are those of Printz (1926) and
Sveridsen (1962), both working in Norway, where,
as at Port Erin, the overwintering plants began
to fruit in July and August. The majority of
the plants, however, lost their stipes by Novem-
ber and overwintered as bulbs. In Morocco,
Gayral (1958) reported that here too the plants
decayed in the autumn and only the bulbs survived
the winter "to bud" in the following spring.
However, the exact meaning of the term bourgeoner
(translated as "to bud") in this context is not
clear. These references would seem to indicate
that in two very different localities, at opposite
ends of the geographical ran of S. polyschides,
the species exhibited a similar seasonal cycle
to that described at Port Erin,

Norton and Burrows (1969a) have investigated
the envirorunen-tal factors which may initiate the
development of macroscopic plants of S. poly-
sohides in the spring. They concluded on the
basis of experiments in culture thai low light
intensity is almost certainly an important factor
preventing the development of new sporophytes
during the winter, whereas low water temperature
and short da'y-length are not.

3.3 Phonology

3,31 Seasonal variation in external
appearance and morphology

Seasonal variations in the morphology of S.
polyschides sporophy-tea have been studied by
Norton and Burrows (1969) at Port Erin, Isle of
Man.

When the new generation of sporphy-tes arose
in the spring, the smallest plants that were re-
cognisably S, polyschides possessed a round stipe,
not yet twisted and the lamina was invariably
entire. Above the prominent holcifast the stipe
bore a small circular ridge from which the cha-
racteristic bulbous structure developed. The
ridge produced from its margin 8 or so projections
which became the first row of haptera. During
the summer the rid expanded both outward and
downward arid further whorls of hapt era developed
on its upper surface, It was usually possible
to distinguish the separate whorls until 5 or
more had been produced, By this time -the basal
structure had grown down around the holdfast ob-
souring it, much as a bell obscures its clapper.
At this stage it greatly resembles the secondary
hol&fast of the adult sporophrte of S. dermatodea,
The lowermost, first-formed rows of haptora
elongated and attached themselves to the substrate
thus supplementing the original holdfast, In
the late summer and autumn the bell greatly ex-
panded laterally arid continued to produce small
protruberances on its upper surface, This lar,
hollow, warty 'bulb' is characteristic of the
adult plant, Bulb diameter was often restricted
by the close proximity of adjacent bulbs. Mean-
while, the greatly expanded lamina almost in-
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variably became divided into a uusber of digits.
The etipc too lthened1 becmo flattened and
spirally ttiisied at the bace îthere it iidoned to
merge into the top of the bulb.

The bulb continued to increase in eine from
October to December end produced numerous rows of
haptera, Often adjacent bulbe coaleeced exten-
sively so thet the individual plante uere difficult
to distinguish. This fact mey have led to the
erroneous statement of Barber (1889) that one bulb
could have several stipes. Sometimes, quite a
large plant had only a small rudimentary bulb
which was fused to a much larger bulb of another
plant, Often, if the plau rubbed against rocks
or other plants, the frill or stipe ,roduced
hapterò,-like proliferations from the region of
contact.

Eventually the top of the bulb, where it joins
the base of the stipe, became deeply concave, The
stipe progressively widened from Juno to October
especially distally so that it now tapered towards
its base and not towards its tip as before, The
blade also became larger bui, whereas owth during

the summer was much more pronounced in a, longi..
tudinal direction giving a lOflL, narrow outline
to the frond, in the autumn lateral expansion
kept pace with longitudinal : ow-th and the blade
developed a much broader silhouette. The repro-'
ductivo frills now developed on the lower regions
of the stipe, They be as flat, lateral ex-
pansions of the stipe but subsequently, as a re-
sult of differential growth, they became undulated,
Sometimes they became prominent structures several
centimetres in width but often they remained in
a rudimentary state.

}To sooner had the plant become adult in ap-
pearance and begun to fruit, than decay became
apparent ai the tips of the blade. The rot
spread down the thallus thiring the late autumn
and winter until eventually both the blade and
stipe were lost, The bulb persisted much longer
and often overwintered in a fruiting condition,
until it also decayed and became detached. from
the substrate by the following March or April.

Sporophytes which arose during the late
summer and did not become fertile that year over-
wintered as intact sporophytes without decaying,
At Port Erin these represented only a very small
proportion of the population,

34 FI S83 bulbous Laminaria
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4 POPULATION

4.1 Structure

4.11 Age composition

Ac S, 2yschides is annual plant th
population usually consists largely of plants
hioh have arisen at more or less the saeie timo of

year, in the spring. If, however, space becomes
available new sporophyiea can develop during the
uholo of the summer and into the autumn, The ob-
servation of labelled sporophytos at Port Brin in-
dicated that plants which arose late in the year
did not fruit timt winter (Norton and Burrows 1969).
Such plants overm.ntered intact, without losing
their stipes from decay as was usually the case,
and they became fertile during the following summer,
The proportion of these overnnteri aporophytec
in the population varied from one locality to
another, On Port Brin breakwater in the summer of

1964 about 10% of the population had overwinterod,
In a loose lying community of S. po?'sohidea plants
which developed in the adjaceut Port Brin bay, the
entire population was cast up onto the shore by
the firet storms of winier and therefore no spore-
phytes overwinterod, Differences in the propor-
tion of the plants which had overwintered intact
were also found in two localities at Lough lue in
Ireland. In Au,ist 1965 at Carrigsthorna, sea-
weed station, less than 1% of the population
appeared to have overwintered and 90% of the plants
were immature, However, in Lough me Rapids, al-
most 40% of the population appeared to have over-
wintered and 22% was fruiting as early as May,
increasing to 76% by August,

4.2 Density

4.21 Average densities of defined areas

Few counts of number of plante of S, ly-
schides per unit area have been nde. The present
author denuded 24 in2 of Lough lue Rapi' where the
species was extremely abundant. The average
density of 5. 2yschides sporophytes was 7.6/rn2.

4.3 ortality, morbidity

Although sporophytee may be present in the
sea throughout the year, individual plante do not
usually survive for more than 10 or 11 months,
Sporophytes which arise in the spring decay and
become detached from the substrato by the follow-
ing spring, whereas those which do not arise until
later in the summer may survive until the following
summer,

Sauva:au (1916) considered that the decay of
the sporophy-tos of S, polyachides in the autumn
was wholly the result of grazing by Patina
pellucida, which lives on the fronds, but Norton
and Burrows (1969) concluded that the notion of
Patina, serious as it may be, only aggravated and

accelerated an inherent pettorn of decay,

4.5 Accomp

I-t im siuificnt tha- no m*ter whore the Patina
wore aggreatod, deoey alwost invariably bogan at
the tips of tho digue and progressed downwards
until first the blade and thon the otipo wore
gradually lost, For example, on Port Brin bre
water in October, 1964, 24% eL' the osaiplo had

rotting blades, but only 2% showed cigno of decay
on the stipe. A month later only 4% had rotti
blades, bu-t 35% had completely lost their hiedan
end their stipes, Since Patina ;as rarely more
abundant at -the tips of -the digits -than elsewhere
on the plant, it would seem unlikely that it
could lieve boon -the fundamental cause of the de-
cay, This conclusion wac supported by obcerva
-tiens of de ing plats which were hardly
affected by Pati

4.4 !uantitieo standin, oro of
defined areas

The ave standing crops of S, pyç44a
roesed in weight of plants per a for various

localities is shown in Table III. The figures
are somewhat variable, but it is clear that -the
quantities recorded in Northern Spain wore much
grantor -then -thoce found elsewhere, M can be
seen from Table IV, in the Spanish material, the
leminae of the plants constituted approximatoly
half the total woih-t of the samples, the bulb
end atipo combined constituting the remainder,
The same is true of Scottish plants (Table VII),

There is no apparent correlation between
the st ding crop of S, yschidee and the type
of substrate.

Table V shows the standing crop ol' S, ,ir-

sohides at thffoi'eut depths in vc.rioua localities,
The species does not exhibit a cloar-cu-t pattern
of weight distribution with depth, This is duo,
no doubt, to the complicating effects of competi-
tien with other forest-forming leminariana and
possibly different degrees of greci a-t differ

ont depths,

Lug and competing species

Probably the moat important competitor of
S. olycchiden in Britain is Laminaria hyper-
boron, bu-t L, saccharine and. L, c1u-oleuca ere

also undoubtedly important competitors in sorno
arecs.

Kein (1960) observed ha,t a-t Port Brin -the

upper limit ol' -the Saccorhion cono was related
to the loTer limit o L, regardless
of th depth at which this was, Only in the
absence of L, perborea did S, yschidea
reach up -to low water mark, The possible øxis-
tenca of some form of competitive inhibition
was investigated by Norton end Burrows (1969),
They denuded au arca in -the L, rborea gone

of all macroscopic sporophytes, The area was
,'ecolonioed by S, yochide although not a
single sporophy-te of S, p hides developed

'
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TABLE III

Mean standing crop of S. ol schides in various localities
(recalculated from Grenager 19 4; John 1968; Larkum and Norton,

unpublished.; Walker 1947, 1949, 1949a and 1949b, 1950 and 1955)

Localities

973
700
447
444
436
425
422
365
334
327
312
287
242
147
138
134
124
122
118
105

50
41

8825
484

Depths sampled
in metres

Weight in

Spain

Playa de L:. 1 2
Isla Onza I - 9
LanOans 1 - 8
Punta de Alada i - 2
Punta Testada i - 8

Norway

Kolçty 5.5 - 10.5
Kul5askjarene 5 - 12.5
Froj$yene O - 24
Sula 0 -14
Da].skjaerene 2.5 - 3.5
Dagskjemmen 4 - 5.5
Nuvaeríy 2,5 - 3.5
Preatoy 5 - 6,5
Eirtholmene 4,5 - 6.5

Scotland

Hu.ip Holm, Orkney 3.5 - 13
North Switha, Orkney 2 - 13
Shapinsay, Orkney 2 - 13
Bay of Firth, Orkney O - 13
Risa, Orkney 2 - 13
Linga Holm, Orkney 2 - 13
Weddol Sound, Orkney 2 - 11

Sanday Sound, Orkney 2 - 13
Little Loch Broom, Ross and Crornarty O - 18
Papa Sound, Orkney 2 - 16
Kirk Rope Bay, Boy, Orkney 2 - 13
Head of Work, Orkney 7 - 8
North Para, Orkney 2 - 13
Rapness Sound, Orkney 2 - 13
Stywick Bny, Sanday, Orkney 2 - 13
Euip Nese, Orkney 2 - 18

East Flotta, Orkney 2 - 13
Deer Sound, Orkney 2 - 11

Car Ness, Orkney 2 - 11

East Para, Orkney 2 - 13
South Flotta, Orkney 2 - 13
North Hoxa, Orkney 2 - 11

Ireland

Lough me Rapida, Cork i - 2
Whirlpool Point, Lo y me, Cork 3 - 12

Drywt.

2677
1934
1615
807
765

Fresh wt.

3000
2320
1733
400
280
240
40
40
40
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TABLE IV

The proportion of the dxr weight/rn2 constituted by the bulb and atipe,
and the lamina in varions localities in Northern Spain (from John 1968)

beneath the adjacent forest of L. hyperborea.
They concluded that the dim light beneath the
canopy of the forest was insufficient to allow the
growth of S. polyschides plants,

The faster growth rate of S. polyachides when
compared with L. hyperborea as shown in culture,
would enable te sporophyfs to establish them-
selves more rapidly at the expense of slower-
growing species. When De Valera and Booth (per-
sonal communications) independently cleared areas
in the Laminaria digitata zone, both areas were
recolonised by S. polyschides and not L, digitata.
S, polyachides therefore may be considered to be
an opportunist, forming casual populations and
colonising any space that becomes available in the
sublittoral region. It has, however, the dis-
advantage of being an annual species which must re-
establish itself each year whereas its chief com-
petitor, L, hyporborea, is perrenial and once
established will, in all probability, remain for a
number of years.

The dynamic equilibrium between populations
of S. polyschides and L, hyperborea would help to
explain the fluctuations in the abundance of S.
Byschides which occur from year to year in some

localities. For oxmpio in a lagoon at Rhosneigr
in Anglesey, North tialos, only one plant was found
in the autumn of 1963 and yet the species was
abundant there at the same time of year in 1965.
Gren r (1955), discussing a population in Norway,
stated that the very rich community of 1952 had
disappeared almost completely in 1953. Similarly,
in Galway, Eire, large populations of S, ychides
appeared and disappeared in consecutive years (Do
Valera personal communication).

The species which accompany S. pyschides
are the same as those normally found beneath the
canopy of other laminariari algae. In addition,
the aporophy-tes are often covered with epiphytic
algae and animals, During the present work at
Port Erin arid Loud. me 49 species of algae and
89 species of macroscopic animals were recorded
on the thallus of S. polyschides. An ecological
account of the epifauna of S, polyschides has boon
published (Norton 1970a).

Most of the epiphytic species were casuals
rather than characteristic members of the epiflora
and epifauna. Not a single species was confined
to S. polyachides, but several were much more
abundant on this host than on other algae or on

4:3

Locality Depth Bulbs and Stipes L mae Debris

Punta de Alada 1.8 366 409 32

Playa de Lago (inlet) 1.8 878 572 22

Playa de Lago (channels) 1,8 2047 1718 117

Punta Testada 1.8 466 486 46

3.7 654 546 14

7.3 29 53 O

Las Osas 1.8 593 479 16

3.7 1114 707 O

7.3 1069 851 14

Isla Onza 1.8 2159 1110 o

5.0 910 921 211

8.4 246 231 12

Total weights 10531 8083 484

Total percentages 55.2 42,3 2.5
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the surrounding rock0 These were the al
GiîTorclia hiucksiae and the animals ularia
sp. Oheim onicuiaa Halosydna mnosa,

Nerema Lmneus longmssmrnus Gammarus
iocusta, Jassa aloata, Patina pellucida Lacuna
vmncta9 Gibbula cmnerria1 Astermas rubons
Psammechmnus miliaria, Membrani ora membraxiacea
and Ascid.mella as area0

Mo,rt of the epiphy-tee used S. yschides
merely as a support and their attachment involved
no penetration of the host0 The epiphytic
Poiyzoa were in this category and of the algae,
only Ectocarpus siliculosus and Ptilota plumosa

were found to ramify into the host tissue0
Even without directly damaging the tissue, how-
ever, epiphy-tes may be detrimental to the host.
For example, a dense covering of epiphytic algae
would undoubtedly prevent some of the available
light from reaching the frond and might there-
fore impair the host's photosynthetic ability.
To some extent the abundance of algal epiphy-tes
was controlled by browsing animals such as
Gibbula cineraria and Patina peilucida. Many
animals, however, are harmful to the host plant
and -the grazing seaurchins Echinus esculentus
and Paracentrotus lividus are major factors
controlling the distribution of S. 2yschides
in some areas,

FIRM/S83 bulbous Laminaria 45
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5 HARVETI1G

5,1 Methods of Harve

The problems of harvesting S. olyschides
aro the same as those which aro encountered uith
other epilithic species inhabiting the sublittoral
zou. However, it often forms extensive loose-
lying populations on moveablo substratos (Burrows
1958). Such plants could be easily and economi-
cally collected with a dredge or grapnel. Al-
ternatively they could be collected from the drift
for vast numbers of plants from loose-lying popu-
lations are uauaily cast up on-to the shore by the
first storms of winter.

S. polyschides is an annual plant. After
fruitTng, the sporophrte loses the entire stipe
and lamina and they are usually cast up onto the
shore in large quantities, They could be col-
lected economically from the drift, The bulbs
which persist longer are usually cast up during
March and April.

5.2 Harvesting seasons

The spox'ophy-tes are the largest seaweeds
found on the Atlantic coasts of Europe and are
extremely fast growing. They achieve their max-
imwn size in the late summer. If the plants were
removed at this time a new generation of sporo-
phytes would develop during the autumn. Thus one
area would supply two harvests per year.

All par-te of the sporophy-te including the
basal bulb produce reproductive son. Therefore

only -the bulb need be left to overwinter tó en-
sure a supply of spores from which next year's
generation of sporophytee may be derived.

5.3 Harvesting areas and depths

Although its distribution is somewhat spora-
dic it can be extremely abundant locally, of-ten
to the exclusion of other lazniriarians, It is
particularly abundant on the south-west coast of
Ireland and on the north-east coast of Spain.
Both countries already possess an industry har-
vesting and utilizing laminanian alve.

Althouöt it can occupy a considerable depth
range, in the absence of other laminarians it
forms extensive populations in shallow water up to
low water mark where it can be gathered easily by
hand,

5.4 Regrowth on harvested areas

S. po4yechides is an opportunist and if beds
of Laminaria digitata or L, hyperborea are removed
(by harvesting for example) they are often re-
placed by S. 2yschides. It would therefore be
more economical to utilise the S. polysohides
which initially replaces the laminarians than to
wait for the species of Laminaria to re-establish
themselves,

Areas denuded in the spring, summer or autumn
will probably be recolonised immediately, but if
s-tripped during the winter an area will remain
bare until the beginning of the growing season of
S, polyschides in the following spring.
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6 PROTECTION AND MANAGEMENT

6.4 Control of Molo deal features

6.41 Control of predation and
competition

In roclzy areas colonissioii by S, olyschides
might be induced by the removal of competing spe
cies duruig the sporing season o' S. îolyochides,
The colonisation of euch areas tTould be ancouragd
by the removal of graelng echinoderìe, Sea-'

urchins can be destroyed un s vsr by divers, pro
viding animale are mostly more ;an 20 rise in dia-.
meter and their abundance does at exceed 4/rn2.
A relatively cheap alternative nihod for the
routine eradication of sea-urchins is the periodic
application of CaO (commercial quicklime), This
induces tissue loss on contact and sea-urchins
were found to be the organisms most sensitive to
i-te effects both in culture and in the sea
(Leigh-ton et al,,, 1966). A concentration of
0.5 kilm2 resulted in a marked reduction in the
sea-urchin population with little effect on other-

animale and a great increase in the amount cf
laminarian algae, The easiest method of apply
ing quicklime is to allow it to fall gradually
into the tiaice of a moving boni, as it passes back
and forth over the area to be treated,

6.5 Artificial culture

It should be possb1e to introduce the spe
cies into areas here it is noi, at present found,
It can groi usil in sheltered areas on unstable
bottoms if provided with small pebbles, shell
frasents or possibly submerged ropes for attach--'
ment, Such substrates aro unsiutuble for -the
attachment of S, 2 achides main cornpeitors
Laminaria arborea end L, ochroleuca,

Sporophytes of S, are easily
transplanted from one locality to another
(Nor-ton 1969), Sporing could be induced in
fertile transplants by allowing the thallus to
dry out slightly, without overheating, before
submergence at the area to be colonised.
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7 CEICAL COMPOSILON

7.1 Water content

The uter conton of ope ph,jrtcj of S ol
fror the coac3to of Prtual je ivon in

Tablo VI, It con itutee on avo'a of the
plante uoight,

7,2 anic constituents

The chemical composition of S, chid
has been studied on the coaote of Potual (Mach'.do
st a1, 1966g Froao 966) and Scotland (Black
1947. Their dza aro eunmarised in Tables VI and
VII respectively and ohon that

TABLE VI

The chemical composition of S, polyschides from the coast of
Portugal (recalculated from Machado et cl,? 1966 end Fraoco 1966)

The total cob content ao auch bighoi' than
in other a inoriane althcub the o rent of
nater inoolublo cob to ieilar to that of
other Lanncricloo, It io intoroetin to
noo t h0ï entent of 5.5% lice boon

recorded for ioreocyo tie loutkcana aleo an
rnuivl plant,

The ioth.no content uau conoiderably louer
then in the other liniiicriano and tice of the
order found in vllur nodocum,

The potassium levels were high,

Composition Maximum Mean Minimum

Water content (%) 37,7 15,1 6,7
gm/100 gm dxr wt,

Total nitrogen 2.8 1.8 1,0
Ash 58.8 44.6 27.2
Iodine 0,11 0.09 0.01

Crude proteine 17.2 11,4 6.4
Fat 0,9 0.3 Trace

mg 100 6:y t,

Ca 2207 1340 897

Mg 1288 642 240

P205 1265 517 254

Fe 303 55,5 3343

Na 6991 5196 3343

K 18800 12218 6576

Na/K 0.7 0,44 0,3

Cellulose 20,3 8.7 4.9
Mannitol 15,1 8,0 0,9
Lwninarin 5,3 1.1 Trace
Algiriic acid 29,7 21,9 14,6
Chlorides in NaCl 37,9 28,1 10,4
Sulphates in CaSO4 5,7 3.8 2.5



TAJ3LE VII

The aoaFiona vcrion in the composition of S, al schides from
Cullipoo3. Uec Scoiand November 1945 October 194e from Black 1948)

TABLE VIII

The seasonal variation in the composition of S, polyachides from the
coasts of Portugal, March November 1963 (from Ì.Iachado et al., 1966)

% weight
frond stipe whole plant frond atipe frond stipe frond stipe frond stipe

Dry weight 9.94 9,76 '10,0 9,82 7,39 11.03 9.68 10,27 8.89
Total ash 47,1 51,0 48,8 41,7 55,0 32,1 42.3 38,9 31,5 37.6 35,1
Iodine 0,12 0,12 0,07 0,06 0.09 c,1O 001 0,05 0,13 0,16 0,11

Crude proteins 7,5 5.6 5,0 5,9 3.5 5.9 4.8 4.9 5,4 6,2 5.6
Mannitol 4,5 5,8 15,0 22,0 11,9 28.2 23.1 21.7 21,5 16.0 19,5
Alginic acid 14,8 15.8 13,1 11,8 14.5 12,9 13,1 14.0 14,0 15,7 15,6
Laminarin ¿1,0 1,O 1,O 1,O 1.O 1.O .1.O <1,0 .1,0 .1,0 1,O

Composition
%th7wt.

March-.

April
May June

July-.

August
September-.
November

Total nitron 2.3 2,0 1,8 1.6 1.7

Ash 42.5 47,4 48,1 44,8 40,5

Crude proteins 13,9 12,3 11.4 9.7 10,5

Fat 0,2 0,4 0,3 0,3 0,3

Cellulose 8,0 7.6 6.7 8,6 12,4

Mannitol 7.6 6.2 8.0 11,5 7,2

Lam marin 1,2 1,0 0,6 0,8 1.9

Alginic acid 23,6 19.3 21,4 22,1 24.0

7;2 FIRM S83 bulbous Laminaria

Composition
November June July August September October
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7,3 Organic constituents

The organic constituents of S. polyschidos
are also given in Table VI.

Seasonal variations in the organic constitu-
ents of S. 2yschidos have been studied on the
coasts of Scotland (Black 1948) end Portugal
(Machado et al., 1966). Their data arc summa-
rised. in Tables VII arid VIII respoctively.

7.31 Carbohydrates

The values of carbohydrates obtained by
Black (1948) arid Machado st a]., (1966) for 5,
polyachides were compared with those obtained.
from other laminarians from the same localities
and several points emerged:

Laminarin was present in only very small
amounts.

The mannitol content was high, reaching a
merimum value in August and. deoreasing to a
minimum in November, It is interesting to
note that an armual plant should build up

such a large reserve of mnnitol. No doubt
a considerable eiuoun of mannitol would be
required to sustain the rapid grot-rth of the
sporophyts in the spring, Before Novcmber
however, the maniutol lind practically ths'
appeared: end it my be that mennutol end
higher synthe,io products jero used. up in
sporing and maintaining life when photo
synthesis had ceased.,

The algunic acid content was somewhat lower
than that fornid in Laminaria digitata, but
was comparable with the levels recorded for
other leiuinariaue,

7,35 Other organic constituents

The biologucl activily of chemical extracts
of S. yschides has been tested by Vicites,
¿Ireses and Loureiro (1968) using the elongation
of Avena colcoptiLso test, The acid fraction
was found to have en Hf of 0.3 to 0.5 and he
neutral fracon on Hf of 0,4 to 0,8, The pheno
lic fraction ethi1ji led varying degrees of strong
inhibition on growth,
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8 UTILIZATION

8.2 ii.i]. fodder

The pecieEi is little used todey for coarner-
cial purposes although qucntities cast up onto
the shoro are sometimee collectoci, together uith
other laminrians, end made iuto eeatieod meal,

8.3 ura

Saccorhiza polyechidel3 hs furnished
cellent manure for the 1.d (GreviJJ.o 1830 o

8:1

8,4 Industrial products

Forinor].y, S, 2hides as one of the most
widely used algae in the msnuí'cture of kelp, al'
though its use was largely conrined to areas where
large quantities tiers regularly thrown up onto
the shores e, in llestern Irelnd in Scotland
(Chapman 1950) and in the Isles of Soilly
(Groville 183O) It we,c tidoly used for the ex
traction of iodine end. in the manufacturo of glass
end soap (Landsborough 1851),

As it is relatively rich in rnannitol, po-tas-.
siusi, and to a lesser extent alginic acid, it may
represent an important po-tntial source of these
substances,
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