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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 known for their importance in the kelp industry and as a source of raw
material for alginic 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 TValid scientific name

Saccorhiza polyschides (Lightf.) Batt. 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 bulbose Beauvois May 1805, p.20, plate 13
as U, tuberosa)

Ulva bulbosa (Huds,) Lamark et de Candolle Sept.
1805, p.13 nom, illeg.

Ulva tuberosa Beauvois May 1805, plate 13 pro
synon. nom, illeg,

Polyschides bulbosa (Huds.) Stackhouse 1809, p.66

Leminaria bulbose (Huds.) Lamouroux 1813, p.22

Laminaria belvisii C, Agardh 1820, p.115, nom,
nov, = Ulva bulbosa Beauv. non. U. bulbosa
(Huds.) Lamark & D.C.

Laminaria elliptica C. Agardh 1820, p.119

Laminaria punctata Bory 1826, p.190

Leminaria turneri Bory 1826, p.190

Seccorhiza bulbosa (Huds,) De La Pylaie 1829, p.23

Haligenia bulbosa (Huds.) Decaisne 1842, p.345

Phycocastanum bulbosum (Huds.) Kiitzing 1843, p.346

Saccorhiza elliptica (C. Ag.) Cruocan 1852, no.87

1.13 Vernacular names

The popular names given to this species
includet

British Isless bulbous Laminaria, bulbous-rooited
tangle; furbelows, mea furbelows, great fur-
lowed Laminaria, furbelowed hangers

Norways sekktare

Portugals carocha, caixeira, cintas, golfe or
golfo, limo~-correia, limo-—corriola

1.2 Taxonomy
1.21 Affinities
Suprageneric

Saeccorhiza polyschides (Lightf.) Batters
(1902) belongs to the family Laminariaceae of
the order Laminariales of the division Phaeophyta,

Generic

The genus Saccorhizs was established by de la
Pylaie in 1829 {Fiore de L'ile de Terre Neuve et

les iles St. Pierre et Miclon p.23), The type
species of the genus is Saccorhizs bulbosa (Huds,)

de la Pyl, a synomym for S, polyschides (Lightf.)
Batt.

The sporophytes of the genus are annual
plants., They are characterised by a lamina which
lacks a midriby but posseszses crypbostomata. The
gtipe is flattened and develops & distinct sub-
sidiary holdfast above the original attachment
organ, The uwnilocular sporangia of fertile spo-=
rophytes each comtain 128 zoospores, The para=
physes which are also found in the reproductive
sori are devoid of the hyaline tips found on those
of Laminaria,

Specific

The type of the species ig Pucus polyschides
Lightfoot collecied from the Island of Iona, Wesi
of Scotland. Lectotype material is located in
the Herbariuwm of the British Museum, London.

The sporophyte of this species ig readily
distinguished from those of Laminaria by the
cryptostomata on the lamina, the flattened and
basally twisted stipe, the reproductive frills on
the sides of the stipe and the large basal 'bulb?
which is gquite unlike the holdfast of Laminaria.

The only other sgpecies included in the genus
ig 8., dermatodea, & smpecies largely confined to
the Arectic Ocean. The geographical distribution
of the two species does not overlap. Recent cule—
fure studies of S. dermatodea have confirmed its
affinities with S. polyschides (Worton, 1970),

Key to the species of Saccorhigzas

Lamina of sporophyte entire or divided into
20 or more digits, etipe long, up to 210 em x
8 cm, twisted at base and in adult plant bearing
wndulating lateral extensions; secondary held=
fast & hollow bulbous expansion up +o 30 cm in
diameter, bearing numerous whorls of unbranched

haptera.....S. polyschides.

Lamine entire or divided into only 4 to 5
digits, stipe short up to 60 x 2 cmy, lacking
bagal twist and lateral undulations; secondary
holdfast & small umbrella=shaped expansion up to
5 cm in diameter, bearing only two whorls of
haptera which may be branched......S5. dermatodea,

1.22 Subspecies

No subspecies are recognised by the present
author,

1,23 Genebic data

Some aspects of the cytology of §, poly-
schides have been examined by Evans (19655 using
modified acetocarmine squash methods and Feulgen

gquashes, He found that the nuclei of S, poly-
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schides were larger than those of the other lamina-
The nuclei of the female game=

rians he examined,
tophytes were 8-14pm in diameter, with a nucleolus
of 3={um whilst the nuclei of the male gametophytes
were 2,5=4.2pm in diameter, There was am increase
in nucleus smize prior to oogonial formation and
oogonial nuclei of 18Fm in diameter were not un-
common,

The number of chromosomes in S, polyschides is
reported to be 62 in the dipleid state and 31 in
the haploid state (Evans 1965), Although the
chromosomes varied in size, in the female gameto-
phyte the mejority were beiween O.8um and 1.
long, but there was always a very large chromogome
4pm-6pm long, This was designated the X=chromo-
some by Evans (1965). It stained well with
Schiff's reagent and was present in the cells of
female gametophytes and of young sporophytes, but
wag not found in male gametophytes, Evans (1965)
postulated that there is probably an X/Y gex=
determining mechanism in 8. polyschides and that
sex segregation takes place at the first meiotic
divigion during spore formatiom. I% is therefore
probable that the zooapores from & single spor-
angium produce equal numbers of male and female
gametophytes,

1.3 Morphology and anatomy

1.31 External morphology

The thallus is pale dark brown in colour and
is clearly differentiated into lamina stipe and
holdfast (Fig. 1). The lamina bears characteris—
tic cryptostomata 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
Laminaria~like holdfast is the ‘bulb’, a hollow
bulbous expansion up to 30 cm in diameter. It is
covered with short protruberances above and at-—
tached by unbranched hapters below.

The appearance of the sporophyte varies
greatly., At the Isle of Mar and in South-West
Ireland Norton (1969) observed striking differences
in the morphology and the anatomy of sporophytes
growing in different, although sometimes adjacent
habitates, The variations were found ‘o be as-
sociated with the different environmental condi-
tions in the various habitats, and especially with
the degree and type of water movements to which
the plants were subjected, In areas of weak cur-—
rent the plants produced broad, curved blades,
distinetly cordate at the base, devoid of digits
and so flimsy that they tore under their owm
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 toughness 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 cule
ture and trangplants of labelled sporophytes 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 months. By this time, the largest

~of the resultant sporophytes were 32 cm long and,

in contrast to the distinctions which would have
arigen after a similar period of growth in their
natural habitats, the plants were indistinguigh-
able, In addition, young sporophytes were
transplanted from one locality to another in the
sea. Within 12 weeks of transplanting, the spo-
rophytes had completely changed their morphology
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 meristem
vhich is situated a2t the junction of stipe and
lamina, The meristem gives rige to new lamina
tissue above and new stipe tissue below. Both
stipe and lamina are essentially similar in trans—
verge section, They are composed of & central
medulla, & surrounding cortex and & peripheral
meristoderm (Fig, 2). The superficial meristo-
dexm is composed of small, cubical cells full of
chromatophores and with & thicker outer wall,

The cortical cells become larger towards the
centre of the section, but their sgize 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 are 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, YNone of the sieve=tube like ele=
ments which have been described in Laminaria
saccharina (Sykes 1908) are found in S, poly-
schides, nor are there any mucilage ducts in the
cortex, such as those found in Laminaria hyper-
borea and in the blade of L. saccharina. Al=
though transverse sections through both stipe
and blade show essentially similar sitructures,
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 meristoderm also retains its meriste-
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Fig, 1 A drawing of the adult{ sporophyte of S. polyschides showing
the distinctive morphological features of the species



Pig, 2 A transverse section taken across the bage of the
lamine of a 22-week old sporophyte growm in culture
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Fig. 3 The microscopic stages in the life history of S. polyschides

A vertical section through a sorus on the lamina; ¢ TFemale gametophytes; +the stippled area rep-
the darker bodies are the spores in the sporangia resents the tissue of the developing sporophyte
which are surrounded by sterile paraphyses

Male gametophytes bearing antheridia D A 28=day old sporophyite with several rhigoids
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matic activity and adds to the length of the thal-
lus by means of transverse divisions and %o its
girth by culting off new cortical cells tangen—
tially. The corticel cells seem to be unable to
divide but are capable of considerable extension
in a longitudinal plane. Thue;, 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 wntil 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 end the immermost lay-
erg of the cortex is the copious production of
mucilage by the former.

Other elements are also found in the medulla
of S, polyschides, Septate cross connections
are apparent in transverse section (Fig. 2).
Aecording to Sauvegeau (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 sori de-=
velop on the surface of the thallus at the base
of the lamina, om the frills and on the bulb,
The sori are composed of unilocular sporangia
interspersed with sterile paraphyses (Fig. 34).
Mature sporangia reaches 124um long and 20pm
wide. Each sporangium produces 128 goospores.
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2 DISTRIBUTION, ECOLOGY AND METABOLISM

2,1 Total Area

S. polyschides is found all around the British
Isles and on the Atlanitic coasts of Norway, France,
Spain, Portugal and Morocco.(Fig. 4).

The northern limit of the species was estab=
lished by Crenager (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 southermmost 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
a8 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 Hormeman herbarium at Copenhagen)
which was sent by Beauvois from the coast of Guinea.

In the ¥Mediterranean, S, polyschides is not
usually found further east than Malaga, Spain, lat.
36950'N, long. 4°50'W. (Seoane 1966) and Melilla,
Spanish Morocco, lat, 35017'N, long. 2°57'W.
(Bellon 1925), Bornet (18925 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—
rencesy, the species being unable to maintain itself
in this region. However; Molinier and Picard
(1953) reported that S, polyschides had established
itgelf in the region of Messina. They regarded
this population as & recent introduction resulting
from the installation of artificial substrates and
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 Ine, Ireland, it also grows
looge-=lying, attached only to small stones or
shells, The species is usuwally, but not in-
variably, found in turbulent-water habitats and is
cheracteristically 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 Extreme Low Water of Spring
Tides (EoLoW.S.).

The deepest attached plants of S. polyschides
found by the author were 15 m 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, Kain (1960) recorded attached plants of
this species down to 19 m and during the present
work loose-lying specimens were found to survive in
a2 healthy state at a depth of 24 m in Bay Fine,
near to Port Erin. Isolated individuals have been
reported from depths of 30=35 m by John (1968) in
Cornwall,

Lewis (1964) stated that S. polyschides was
usually found growing at a level immediately be=
low that of Alaria esculenta or Laminaria digitata,
but above that of Laminaria hyperborea., However,
at Port Erin and at several seaward stations on
the coast adjacent to Lough Ine, Ireland, S. poly-
schides was invariably found below the L.hyperborea
zone. On Port Erin breakwater, the L. hyperborea
gone ended abruptly at approximately 6 m below
BE.L,W,S, 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 m.

2.3 Bffects 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 3. polyschides seem to be most prob-
ably controlled by the low winter water tempera-
tureg or the six months Arctic night, In culture
sporophyte production was inhibited and the game-
tophytes progressively lost their ability to form
sporophytes at a temperature only 2°C below that
at which the plants survive at the northern limit
of their distribution, On the other hand;, al-
though a low light intensity of 37 pg cal./cm
sec had no effect on the ability of the gameto-
phytes to produce sporophytes, it subsequently
inhibited the growth of sporophytes.

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

8. polyschides ig 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 raite at lower
salinities and development wasg irreversibly in-
hibited at salinities below 9 /oo (Nbrton and
South 1969),

The environmental factors most likely to be
responsible for the local distribution of the
apecies are desiccation and grezing.

As 5. polyschides ig confined to the sub=
littoral zone it would seem that the plants are
unable to survive a2t & 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 gporophytes
were exposed to air by E,L.W.S, during a2 hot
summer's day, the majority of the plants dried
out rapidly and were killed.
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Fig, 4 The geographical distribution of §. polyschides
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The major grazing snimals influencing the
distribution of $. polyschides are the echinoderms
Echinus esculentus and Paracentrotus lividug. Kain
and Jones (1966) have shown 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 esculentusg 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 Nortom
(unpublished) has found that grazing by Paracentro-
tus lividus is a major factor excluding S. poly-
schides from Lough Ine in Southern Ireland.

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

2.4 Nutrition and Growth

2.47 Asgimilation and
2.42 Respiration

There has been little work on these aspects
of the physiology of S. polyschides. However,
Kain (1969) determined the minimum irradiance re-
quired for the growth of microscopic sporophytes.
Thig is likely to be almost the same asg the compen-
sation point, At a temperature of 10°C the mini-
mum irradisnce required fogx growth in culture was
between 1 and 3 ug cal./om” sec(10-30 lux in day-
1ight) (Kain 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. Unforitu-
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 elemente and vitamins listed in
2he A?Pz medium of Provasoli, McLaughlin and Droop

1957).

2.44 CGrowth
The growth rates of microscopic sporophytes of
S, polyschides have been investigated by Kain
zﬁ9695. It would seem that bglow saturation ir-
radiance (about 50 pg cal./cm.” sec at 10°€C) there
ig a straight=line relationship between cell divi-

gions per day and irradiamnce, There is also &
straight-line relationship between the logarithm
of the sporophyte length and the logarithm of
the number of cells per sporophyte, up to 1,000
cells when the sporophyte becomes polystromatic
(Kain 1969), .

The rate of thallus extension of macroscopic
sporophytes has been determined by the present
author in two ways: on the mean increase in
plant gize of & population and on the basis of
meagurements 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.
polyschides sporophytes taken from Port Erin
breskwater. The ammual cycle of the develop-
ment and decay of the sporophyte is clearly seen.
The maximum increase in mean blade length was
249 mm 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 planits was probably far higher
than this, A maximum increase in mean stipe
length of 117 mm was recorded between June and
August 1964 (Table 1I); a mean rate of stipe ex—
tension of omly 13 mm per week,

Individual sporophytes of S. polyschides
were marked and measured at monthly intervals
(Norton and Burrows 1969). A total of 68
plauts were labelled and remeasured at Port Erin,
Isle of Man and 101 planis at Lough Ine, County
Cork, Ireland. Although the rates of thallus
extension they recorded were somewhat variable,
certain generalisetions 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
sporophytes no measurable increase occurred
further than 75 mm from the meristem. Secondly,
there was an interrelationship between exiension
growth, fruiting, and the rotting of the thallus
which followed maturity. The rate of blads ex=
tension was most rapid in juvenile sporophytes
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
was added decreased as the plent became larger,
until eventually it stopped altogether. This
point appeared to coincide with the begimning of
the fruiting period, Not a single fertile spo-
rophyte was found that was growing measurably,
Moreovery, 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. polyschides population on Port Erin Breakwater

Month .Mean Bange Stgndgrd Standard
in mm in mm Deviation 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 7.2 o] = 360 10,98 1.55
June 10.0 5.00 = 20 - -
July 41,2 5.00 = 290 8.43 1.19
October 229. 35,00 = 510 12,18 1.72
Stipe width
1964 June 6.1 1.00 = 20 0,51 0,07
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 0 - 2,5 = -
1965 March 1.0 0 = 2,5 = =
April 0.6 0 - 2, - -
June 5.0 0 o] 0
July 10,0 0 0 0
October 14.0 2,5 = 30 0,78 0.14
Blade length
1964 June 180.0 10,0 = 560 12,30 1.74
Avgugt 322,0 30,0 = 750 16,21 2.30
October 315,0 0 = 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 o] = 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 o] = 810 16,21 2,30
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3 LIFE HISTORY

3.1 Life Cycle

3.11 Altermation of generations

8. polyschides exhibits & typical Laminarian
life history in which a macroscopic sporophyte
alternates with microscopic, dioecious gameto-

phytes,
3,12 Nuclear phases

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

3.2 Reproduction

The reproduction of S. polyschides has been
described from culture by Norton and Burrows
(1969), They found that the development of the
dicecious gametophytes from spores, the production
of gporophytes and their subsegquent development
was a continuous sequence of events without & res—
ting stage.

The pale; motile zoospores are pear-shaped,
5 pm in diameter and each is furnished with a
single eye spot, a plate-=like chromatophore and
two vnequal, laterally inserited flagella. The
release of zoospores hes been described by Norion
and Burrows (1969), The sporangium was peen o
buret at its apex and to exude a long mucilaginoug
envelope which rounded off immediately after ex=
trusion, The active, biflagellate zoomspores re=
mained together only momentarily before swimming
away, following spiral pathm. Ripe sporeangis
dissected out from the sorus wers not observed to
burst and release their spores, This perhaps
corroborates Schreiber's (1930) suggestion that
the pressure of the surrounding sporengis may con=
tribute to dehiscence.

In uvndisturbed medium the zoospores settle
after only a few hours of motility, None remain
planktonic after 24 hours, The swarmers are fure
nished with a pigmented eye spot and are photo=
sensitive, When subjected to wnilateral illumine-
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 germinate to
produce gametophytes at water temperatures ranging
from 25C-26°C and at iight intensities from 37 pg
cal/cm sec=275pg cal/cm sec, Under conditions of
full salinity, the percentage of spores that ger—
minate is in the regiom of 76%, but at reduced
salinities the percentage germination is dras-
tically reduced, Less then 1% of spores germinate
at a salinity of 11°/oo and there is no development
whatsoever at salinities below 9°/oo (Norton and
South 1969 ).

The microscopic gametophytes may be unicel=
lular or filamenitous and branched (Fig. 3),
The male gametophytes are more branched than the
female gametophytes and heve more numerous, paler
cells. The cells of the female gamelophytes
are usually 14-19um in diameter and 1-2 times as
long as broad, whereas the cells of the male
gametophytes are only 9-1ium in diameter and are
up to several times as long as broad., Often,
in culture, the female gametophyte is confined
to & single cell which acts as an oogonium and
extrudes a single egg measuring 11 x 22um, The
male gametophyte produces clusters of %tiny, coni-
cal amtheridia each of which produces a single
biflagellate antherozoid measuring approximately
5 pm in diameter. At a temperature of 10°C
gametangia are usually produced within 10-12 days.

The antherosmoid is released by the apical
dehiscence of ‘the antheridium, Similarly, the
egg is exitruded from the cogonmium which bursts
at its apex. The egg is not usually released,
but remaine perched on the empty oogonium during
the early development of the sporophyte, TBxperie-
mental work in culiure suggesis that the gametes
can be produced and released over a similar range
of temperatures, light intensities and salinities
to those suitable for spore germination, The
minimum irradiance for the maturity of etes
is 3 pg cal./cafsec (30 lux in daylight).

After fertilization the zygote swells and
elongates, It divides repeatedly first trang-
versely, then also longitudinally %o produce the
young sporophyte. The basal cells develop into
colourless rhizoids to attach the developing
sporophyte, Meristematic activity gradually be—
comes concentbtrated towards the base of the plant
which becomes polysitromatic as it increeses in
8158,

. The seasonal behaviour of $., polyschides at
Port BErin, Isle of Man, hesg been descrihed by
FWorton and Burrows (1969). The percentage of
sporophytes at different steges of development
and the percentage fruiting in monthly samples
taken from Port Brin Breskwater is shown in
Table II. Although juvenile plants were present
all the year round, there was clearly an annual
cycle with no overlap between the new generation
of sporophytes and the decaying bulbs of the pre—
vious season., The new generation of sporophytes
firast became evident in late May., After a periocd
of rapid growih during the summer, the onset of

. fruiting in October coincided with the cessation

of growth, The percentage of the sporophytes
that were fruiting steadily increased throughout
the autumn and winter uwntil it reached a maximum
in March. By May, the proportion fruiting had
dropped to only 2%.

Phillips (1896) was one of the first workers
to suggest that 8. polyschides was am annual
spsecies, Previous workers had considered it %o
be perennial ag they had found adult sporophytes



TABLE II

The percentage of sporophytes at three stages in development
and the percentage fruiting in monthly samples taken from the
8. polyschides population on Port Erin breakwater

FIRM/S83 bulbous Laminaria

Monthsg Juveniles Complete adults Stipeless bulbs Fruiting

1964
J 32 54 14 22
F 40 28 32 42
M 43 9 48 53
4 - - - -
M 40 60 0 2
J 60 40 0 2
J 90 10 0 2
A 72 28 0 10
8 - - - -
0 52 46 2 24
¥ 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 - - - -
] 64 36 0 15
0 42 55 3 22
N 40 30 30 38
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at all times of year. Phillips (1896), however,
clearly stated that although the majority of the
plants in a population overwintered as stipeless
bulbs, some healthy sporophytes also survived the
winter, Spence (1918) in Orkney reported the per—
sistence of large complete plants into the summer
of their second year, Thig led him to describe

S. polyschides as not so much an annual as a mono-—
Tarpic plamt, 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 summer.

A study of the literature suggests that the
seasonal cycle is essentially similer in various
parts of the species' geographical range. Young
sporophytes arose in May and lost their stipes by
November in Norway (Printz 192635 Svendsen 1962)
and Orkney (Speunce 1918), In other localities
such as Anglesey (Phillips 1896) end Nerthern
France (Sauvageau 1918) the sequence was the same,
but it began in mid-March, 1In 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
and sunny year, Burrows (1958) reported that S.
polyschides 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. polyschides seemed to be incapable of re-
suning 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-=
quently 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 kmown, but it seems likely that
they were, If spores were being shed 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 and overwintered, The only

clear accounts are those of Printz (1926) and
Svendsen (1962), both working in Norway, where,
as at Port Brin, 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 "o 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 range of S. polyschides,
the species exhibited a similar seasonal cycle

to that described at Port Erin,

Norton and Burrows (1969a) have investigated
the envirommental factors which may initiate the
development of macroscopic plants of §, poly-
schides in the spring. They concluded on the
basis of experiments in culture that low light
intensity is almost certainly an important factor
preventing the development of new sporophytes
during the winter, whereas low water temperature
and short day-length are not.

3.3 Phenology
3.3

Seasonal variation in external
appearance and morphology

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

When the new generation of sporphytes 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 holdfast the stipe
bore & 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 ridge expanded both outward and
dowvnward and further whorls of haptera 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 obe
scuring it, much as & bell obscures its clapper,
At this stage it greatly resembles the secondary
holdfast of the adult sporophyte of S. dermatodea.
The lowermost, first=formed rows of haptera
elongated and attached themselves to the substrate
thus supplementing the original holdfast. In
the late summer and avtumn the bell greatly ex-
panded laterally amd continued to produce small
protruberances on its upper surface, This large,
hollow, warty 'bulb’ is characteristic of the
adult plant. Bulb diameter was often restricted
by the close proximity of adjacent bulbs, Mean=
whiley, the greatly expanded lamina almost ine
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variably became divided into a number of digite.
The stipe too legthened, beceme flettened and
spirally twisted at the base, where it widened to
merge into the top of the bulb,

The bulb comtinued o0 increase in size from

- October to December and produced numerous rows of
haptera. Often adjacent bulbs coalesced exten—
sively so that the individual planis were diffioult
to distinguish, This fact may have led to the
erroneous gtatement of Barber (1889) that one bulb
could have meveral stipes, Sometimes, quite a
large plant had only & small, rudimentary bulb
which was fused to & much larger bulb of another
plant. Often, if the plant rubbed against rocks
or other plants, the £frill or stipe produced
hapterd-like proliferations from the region of
contact.

Eventually the top of the bulb, where it joins
the base of the smtipe, became deeply conceve. The
stipe progressively widened from June to October
egpecially distally so that it now iapered towards
its base and not towards its tip as before, The
blade also became larger but, whereas growth during

the summer was much more pronounced in a longi=
tudinal direction giving a long, narrow outline
to the frond, in the autumn lateral expansion
kept pace with longitudinal growth and the blade
developed & much broader silhouette. The repro-
ductive frills now developed on the lower regions
of the stipe, They began as flat, leteral 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 at the tips of the blade. The rot
spread down the thallus during the late autumn
and winter until eventually both the blade and
gtipe wers 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.

Sporophytss which arose during the late
summer and did not become fertile that year over—
wintered as intact sporophytes without decaying.
At Port Brin these represented only a very small
proportion of the population.
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4  POPULATION

4,1 Structure
4,11 Age composition
A §. polyschides is an awmusl plant the

population usually comsists largely of plants
vhich have arisen &t more or less the same time of
year; in the spring. If; however, space becomes
available new sporophytes can develop during the
vhole of the summer and into the autumn, The ob-
servation of labelled sporophytes at Port Erin in-
dicated that plents which arosme late in the year
did not fruit that winter (Worton and Burrows 1969).
Such plants overwintered intact, without losing
their stipes from decay ag was usually the case,
and they became fertile during the following gummer.
The proportion of these overwintering sporophytes
in the population varied from one locelity to
another. On Port Brin breskwater in the summer of
1964 about 10% of the population had overwintered,
In & loose lying community of S. polyschides planis
which developed in the adjacent Port Erin bay, the
entire population was cast up onto the shore by
the first storms of winter and therefors no sporo—
phytes overwintered, Differences in the propor—
tion of the plauts which had overwintered imtact
were algo found in two localities at Lough Iwne in
Ireland. In August 1965 at Carrigethorna, & sea-
weed station, less than 1% of the population
appeared to have overwintered and 90% of the plants
were immeture. However, in Lough Ine Rapids, al-
most 40% of the population appeared to have over—
wintered and 22% was fruiting as early as lMay,
increasing to 76% by August.

4.2 Demsity

4.21 Average densities of defined areas

Few counts of number of planis of §. poly-
schides per unit aree have been made. The present
author denuded 24 e of Lough Ine Repids where the
species was extremely abundant, The average
density of S. polyschides sporophytes was T.6/m2,

4.3 MYortality, morbidity

Although sporophytes may be present in the
sea throughout the year; individual plants do not
usuvally survive for more tham 10 or 11 months,
Sporophytes which arise in the spring decay and
become detached from the subsitrate by the follow~
ing epring, whereas those which do not arise until
later in the summer may survive until the following
BUAMET .

Sauvageau (1916) considered that the decay of
the sporophytes of S, polyschides in the asutumn
was wholly the result of grazing by Patina (Helcion)
ellucida, which lives on the fronds, but Norion
and Burrows (1969) concluded that the action of
Patina, seriocus as it may be, only aggravated amd
erefore accelerated an inherent peattern of dscay.

1% ie sizaificant that no welter where the Pating,
wore aggregated, decay almost invariably began at
the tips of the digits and progressed downwerds
wntil first the blade and then the stipe were
graduplly logt, For example, on Port Brin breake
water in October, 1964, 24% of the sample had
rotting blades, but only 2% showed signs of decay
on the stipe, A month later omly 4% had rotbing
blades, but 35% had completely lost their blades
and their stipes. Since Pating was rerely more
abundant ot the tips of the digits then olsewhere
on the plant, it would seem unlikely thet it
could have been the fundsmental cause of the de~
cay. This conclusion was supported by observa-
tions of decaying plants which were herdly
affected by Patina.

4.4 Tojel quantities (stending erop) of
defined areas

The average standing crops of S, pelyschides
expressged in weight of plants per @2 for various
localities ig shown in Table ITI, The figures
are somewhat veriable, but it is clear that the
quangities recorded in Northern Spain were much
grester then those found elsevhere, As cen be
seen from Table IV, in the Spanish material, the
laminse of the plants conmstituted approximately
half the tobtel weight of the samples, the bulb
and stipe combined constituting the remainder,
The same is true of Scottish plante (Table VII).

There is no apparent correlation between
the standing crop of §. polyschides and the type
of substrate.

Teble V shows the standing crop of S. poly-
gchides at different depths in verious localities,
The species does not exhibit a clear-cut pattern
of weight distribution with depth. This is due,
no doubt, to the complicating offects of competi-
tion with other forest-forming laminarians and
possibly different degrees of grasing at differ-
ent depths.

4.5 Accompenying and competing species

Probably the most importemt competitor of
S. polyschides in Britain is Laminaria hyper—
borea, but L. saccharins and L. ochroleucs are
also undoubtedly importent competitore in some
areas.,

Kain (1960) observed that &t Port Erim the
wpper limit of the Saccorhize zone was related
$o the lower limit of L, hyperborea, regardlesa
of the depth at which this wes. Only in the
absence of L. hyverbores did S. polyschides
reach up to low water mark. The possible exis-
tence of some form of competitive inhibition
was investigated by Norton and Burrows (1969).
They denuded an area in the L. hyperbores gone
of all macrogcopic sporophytes., The arves wes
recolonised by S. polyschides although not a
single sporvophyte of 5. polyschides developed
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TABLE IIX

Mean standing crop of S. polyschides in various localities
(recaloulated from Gremager 1964; John 1968; Larkum and Norton,
wnpublished; Walker 1947, 1949, 1949a and 1949b, 1950 and 1955)

i Depthe sampled Weight in
Localities in metres an/m
Spain Dry w
Playe de Lago 1 = 2 2677
Isla Onza 1 = 9 1934
Las Osas 1 - 8 1615
Punta de Alada 1 = 2 807
Punta Testada 1 = 8 765
Fresh wt,
Yorway
Kolg 5.5 = 10,5 3000
Kulpseslcjaerene 5 = 12,5 2320
Frodyene 0 =24 1733
Sula 0 =14 400
Dalskjaerene 2,5 = 3,5 280
Dagsek jemmen 4 = 5,5 240
Ruvaerpy 2,5 = 3.5 40
Pregtoy 5 = 6.5 40
Einholmene 4,5 = 6.5 40
Scotland
Huip Holm, Orkney 3.5 =« 13 973
North Switha, Orkney 2 =13 T00
Shapinsay, Orkmey 2 =13 447
Bay of Firth, Orkney 0 =13 444
Riga, Orkney 2 =13 436
Linge Holm, Orkney 2 =13 425
Weddel Sound, Orkney 2 =11 422
Sanday Sound, Orkmney 2 =13 365
Little Loch Broom, Ross and Cromarty 0 = 18 334
Papa Sound, Orkney 2 =16 327
Kirk Hope Bay, Hoy, Orkney 2 =13 312
Head of Work, Orkuney 7 = 8 287
Worth Fara, Orkney 2 = 13 242
Rapness Sound, Orimey 2 =13 147
Stywick Bay, Senday, Orkney 2 =13 138
Huip Nesg, Orkney 2 =18 134
Eagt Flotta, Orkney 2 =13 124
Deer Sound, Orkney 2 -1 122
Car Ness, Orkney 2 -1 118
East Fara, Orkney 2 =13 105
South Flotta, Orlmey 2 =13 50
North Hoxm, Orkney 2 =11 41
Ireland
Lough Ine Rapids, Cork 1 = 2 8825
Whirlpool Point, Lough Ine, Cork 3 =12 484
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TABLE IV

The proportion of the dry weig'ht/m2 constituted by the buldb and stipe,
and the lamina in various localities in Northern Spain (from John 1968)

Locality Depth Bulbs and Stipes Laminae 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 Y

Las Osas 1.8 593 479 16
3.7 1114 707 0

7.3 1069 851 14

Isla Ongza 1.8 2159 1110 0
5.0 910 921 211

8.4 246 231 12

Total weights 10531 8083 484
Total percentages 55.2 42,3 2.5

beneath the adjacent forest of L, erborea., localities. TFor example in a lagoon at Rhosneigr

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. polyschides when
compared with L. hyperbores as shown in culture,
would enable the Bporophytes 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. polyschides 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 anmuval species which must re-
establish itself each year whereas its chief com=
petitor, L. hyperborea; 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 sbundance of §.
polyschides which occur from year to year in some

in Anglesey, North Wales, only one plant was found
in the autumn of 1963 and yet the species wae
abundant there at the same time of year im 1965,
Grenager (1955), discussing a population in Norway,
gtated that the very rich community of 1952 hed
disappeared almost completely in 1953, Similarly,
in Galway, Eire, large populations of §., polyschides
appeared and disappeared in consecutive years IDe
Valera personal communication),

The species which accompany S. polyschides
are the same as those normally found beneath the
canopy of other laminarian algae, In addition,
the sporophytes are often covered with epiphytic
algae and animals, During the present work at
Port Erin and Lough Ine 49 species of algae and
89 species of macroscopic animels were recorded
on the thallus of §. polyschides. An ecological
account of the epifauna of S. polyschides has been
published (Norton 1970a).

Most of the epiphytic species were casuals
rather than characteristic members of the epiflora
and epifauna, Not & single smpecies was confined
to 8. polyschides, but several were much more
abundant on this host than on other algae or on
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+he surrounding rock. These were the alga
Giffordia hincksiae and the enimals Campanularis
8P.y Obelinm geniculata, Halosydna gelatinosa,
Nereig pelagice; Lineus longissimug, Gammarus
locusta, Jesse falcata, Patina pellucidas, Lacuna
vincta, Gibbula cineraria, Asterias rubens,
Pgammechinus miliaris, Membranipora membranaces
and Ascidiella agpersa.

Most of the epiphytes used S. polyschides
merely as & support and their attachment involved
no penetration of the hosi. The epiphytic
Polyzoa wers in this category and of the algae,
only Ectocarpus silioculosus and Ptilota plumosa

were found to ramify into the host tissue.

Even without directly damaging the tissue; how-
ever, epiphytes may be detrimental to the host,
For example, a dense covering of epipbybic algae
would undoubtedly preveni 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 epiphytes
was controlled by browsing animals such as
(Gibbula cineraria eand Patina pellucida, Many

animalg, however, are harmful o the host plant
and the grazing sea-urchins Echinus esculentus
and Paracentrotus lividus are major factors
controlling the disiribution of S. polyschides
in some areas,
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5  HARVESTING

5.1 Methods of Harvesting

The problems of harvesting S. polyschides
are the same as those which are encountered with
other epilithic species inhabiting the sublittoral
gone, However, it often forms extensive loose—
lying populations on moveable substrates (Burrows
1958).  Such plamts could be easily and econmomi=
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 usually cast up onto the shore by the
first storms of winter.

S. polyschides iz an annual plant., After
fruiting, the sporophyte 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 sporophytes are the largest seaweceds
found on the Atlantic coasts of Burope and are
extremely fast growing, They achieve their max-
imum size in the late summer. If the plants were
removed at this time & new generation of sporo=-
phytes would develop during the autumn, Thus one
area would supply two harvests per year.

All parts of the sporophyte including the
bagal bulb produce reproductive sori. Therefore

only the bulb need be left to overwinber to en—
sure a supply of spores from which next year's
generation of sporophytes may be derived,

5.3 Harvesting areas and depths

Although its distribution is somewhat spora-—
dic it cen be extremely abundant locally, often
to the exclusion of other laminarians, 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 laminarian algae,

Although it can occupy a considerable depth
range, in the absence of other laminarisns it
forms extensive populations in shallow water up o
low water mark where it can be gathered easily by
hand.

5.4 Regrowth on harvested areas

5. polyschides is an opportunist and if beds
of Laminaria digitata or L. hyperborea are removed
(by harvesting for example) they ere often re-
placed by S. polyschides, It would therefore be
more economical to wtilise the S. polyschides
which initially replaces the laminarians than to
wait for the species of Laminaria %o re—establish
themselves,

Areas denuded in the spring, summer or autumn
will probably be recolonised immediately, but if
stripped during the winter am erea will remain
bare until the beginning of the growing season of

S, polyschides in the following spring.
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6 PROTECTION AWD MANAGEMENT

6.4 Control of biological Pfeatures

6.41 Control of predetion and
competition

In rocky areas colonisation by 3, polyschides
might be induced by the removal of competing spe-
cies during the sporing semson of §. polyschides.
The colonisation of such areas would be encouraged
by the removal of grasging echinoderms, Sea=
urching can be destroyed underwater by divers, pro-
viding animals ave mostly more than 20 mm in dis-
meter and their abundance does not exceed 4/m2a
A relatively cheap alternative method for the
routine eradication of gea=urchinsg is the periodic
application of Ca0 (commerciel guicklime), This
induces tisesue loss on contact and sea-urchins
were found 4o be the organisms most msensitive to
ites effects both in culture and in the sea
(Leighton et al., 1966). A concentration of
0.5 kg/m2 regulted in a marked reduction in ihe
sea~urchin population with little effect on other

animals and & great increase in the amount of
laminarian algae, The easiest method of apply-
ing quicklime is to allow it 4o fall gradually
into the wake of & moving boat as it passes back
and forth over the area %o be treated,

6.5 Artificial culture

I% ghould be possible to imtroduce the spe—
cies into areas where it is not at present found,
It can grow well inm sheliered areas on unstable
bottoms if provided with small pebbles, shell
fragments or possibly submerged ropes for attach-
ment , Such substrates are unsuitable for the
attachment of 8. polyschides' main compefitors
Laminaris hyperbores and L. ochroleuca.

Sporophytes of S. polyschides are easily
transplanted from one locality to another
(Norton 1969). Sporing could be induced in
fertile transplants by allowing the thallus to
dry out slightly, without overheating, before
gubmergence at the area to be colonised,
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T CHEMICAL COMPOSITION

7.1

We

The water content of sporophytes of S. poly=
gchides from the coaste of Portugel is given in
Table VI, It constitutes on average 15% of the
plants weight.

7.2 Inorganic constituents

The chemical composition of §. polyschides
has been studied on the coapts of Portugal (Nachado
et al,, 1966, Frasao 1966) and Scotland (Black

1943"7., Their date are summarised in Tables VI and
VII respectively and show that:

a) The total esh comtont was much higher than
in other lamiparians although the content of
water ingoluble ash wes similar %o that of
other lLeminarieles, It is interesting to
note that high ash combent of 54.5% has been
recorded for Nereocystis lewtkeans, also an
annval plant.

) The iodine content wes considerably lower
than in the other lemivariens and was of the
order found in Agcophyllum nodosum,

¢) The potessium levels were high.

TABLE VI

The chemical composition of S. polyschides from the coast of
Portugal (recalculated from Machado et al., 1966 and Fragao 1966)

Composition Maximum Mean Minimum
Water content (o%) 37.7 15.1 6.7
gn/100 gm dry wt,

Total nitrogen 2.8 1.8 1,0
Ash 58.8 44.6 27.2
Jodine 0,11 0,09 0,01
Crude proteins 17.2 11.4 6.4
Fat 0.9 0.3 Trace
Cellulose 20,3 8.7 4.9
Mannitol 15,1 8.0 0.9
Laminarin 5.3 11 Trace
Alginic acid 29.7 21.9 14.6
Chlorides in NeCl 37.9 28,1 10.4
Sulphates in 0&304 57 3.8 2,5
mg/100 gm dry wh.

Ca 2207 1340 897
Mg 1288 642 240
P05 1265 517 254

Fe 303 5505 3343
e 6991 5196 3343

X 18800 12218 6576
Fa/K 0.7 0.44 0.3
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TABLE VII

The seagonal variation in the composition of 5, polyschides from
Cullipool, West Scotland November 1945 = October 1946 (from Black 1948)

Composition Wovember June July August September October

% weight frond stipe whole plant 'frond stipe frond stipe frond stipe frond atipe
Dry weight 9.94 9.76 10,0 9.82 7.39 11.03 9.68 10,27 8.89 - -
Potal ash 47.1  51.0 48,8 41.7  55.0  32.1  42.3 38,9 31,5 37T.6 35.1
Todine 0.12 0,12 0.07 0,06 0,09 0,10 0,1 0,05 0,13 0,16 0.1
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 465 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
Lamingarin 21,0 «1,0 <1,0 21,0 21,0 21,0 <1,0 <«1.0 =<1,0 <1,0 «1.0

TABLE VIII

The seasonal variation in the composition of 8. polyschides from the
coasts of Portugal. March - November 1963 (from Machado et al., 1966)

Greetion ekt oy gwe M- Smiebes
Total nitrogen 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
Fet 0.2 0.4 0.3 0.3 0,3
Cellulose 8.0 1.6 6.7 8.6 12.4
Mannitol 7.6 6.2 8.0 11,5 7.2
Laminarin 1.2 1.0 0.6 0.8 1.9
Alginic acid 23,6 19,3 21.4 22.1 24,0
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T.3 Organic comstituents

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

Seasonal variations in the organic constitu=

ents of §. polyschides have been studied on the
coasts of Scotland (Black 1948) and Portugal
(Machado et al., 1966). Their date are summa=
riged in Tables VII and VIII respectively.

7.31 Carbohydrates

The values of carbohydrates obtained by
Black (1948) and Machado et al. (1966) for S.
polyschides were compared with those obtained
from other laminarians from the same localities
and several points emergeds

a) Laminarin was present in only very small
amount s,

b) The mannitol content was high, reaching a
mazimum value in August and decreasing to a
minimum in Fovember. It is interesting to
note that an annual plant should build wp

such & large reserve of mannitol, No doubt
a considerable amount of mamnitol would be
required t0 sustain the rapid growth of the
sporophyte in the sprinmg. Before November,
however, the mannitol had practically dis—
eppeared, and it may be that mannitol and
higher synthetic products were used up in
sporing and meintaining life when photo=
gynthesis had ceased,

¢) The alginic acid content was somewbat lower
than that found in Laminaria digitata, but
wes comparable with the levels recorded for
other leminarians.

7.35 Other organic congtituenis

The biological activity of chemical extracis
of 5. polyschides has been tested by Vieitesz,
Areses and Loureivo (1968) using the elongation
of Avens coleoptiles test. The acid fraction
was found to have an Rf of 0.3 %o 0.5 and the
newtral fraction an Rf of 0.4 %0 0.8. The pheno-
lic fraciion exhibited varying degrees of sirong
inhibition om growth.
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8 UTILIZATION

8.2 Animal fodder

The species is little used today for commer—
cial purposes although quantities cast up onto
the shore are sometimes collected, together with
other laminarians, and made inbo seaweed meal,

8.3 Hanure

Saccorhiza polyschides hag furnished an ex—
cellent manmure for the land (Greville 1830),

8,4 Industrial producks

Formerly, 8. polyschides was one of the momt
widely used algae in the manmufacture of kelp, al-
though its use was largely confined to areas where
large quantities were regularly thrown up onto
the shore, e.g. in Western Ireland; in Scotland
§Chapma.n 1950) and in the Isles of Scilly

Greville 1830), It was widely used for the ex—
traction of iodine snd in the manufacture of glass
and soap (Landsborough 1851),

As it is relatively rich in mannitol, potas=
gium, and $o0 & lesser extent alginic acid, it mey
represent an important potential source of these
substances.,
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DFO/S4 Synopsis of biological data on the rainbow prawn, Parapenaeopsis sculptilis

(Heller, 1862) 1970
BCF/S4 Synopsis of biological data on chum salmon Oncorhynchus keta July 1970
DFO/S5 Synopsis of biological daia on the school prawn Metapenaeus macleayi

(Haswell, 1879) 1970
FIRI/S80 Synopsis of biological data on the eel Anguilla anguilla (Linnaeus) 1758
Rev. 1 October 1970
FIRM/S82 Synopsi.s of biologica}l data on Norih Atlantic sandeels of the genus Ammodyites

(A. tobianus, A. dubius, A. americanus and A. marinus) November 1970

FIRM/S83 Synopsis of biological data on Saccorhiza polyschides November 1970
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