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1. IDENTITY

1.1 Nomenclature

1.11 Valid scientific name

The original name was Fucus nodosus L. 1753.
The species was transferred to the genus
Asco. :llum (as Ascophylla) by Stackhouse
Papenfuss, 1950), under the naine A. laevicntum,

The combinat ion o hum nodoswrì was made by
Le jolis in 1863.

1 .12 Nomenclatural synonyms

A large number of synonyms has appeared (De
Toni, 1895; Gib, 1957), of which the most ire-
port ant are:

Fucus nodosus L.
Ascoplyhla ata Stackh.
Ozothalhia nodosa Decaisno et Thuret

ysocaulon nodosun: Kilt z
Halidrv nodosa lyngb.
Fucodiumn nodosumn J. Ag.
Halicoccus nodosus Aresch,

The freeliving forms of Aacopliyhlwn are known
by another set of synonyms:

Fucus mackaii Turn.
Fucus io ides Hornem,
Asco hylluni inackaii (Turn.) Holm. et Batt.
Ascophyllum nodosumn f. scorpioidea, (Hornem.)
Reinke,

1 .13 Vernacular names

Being a plan-t of importance to coast dwellers,
Ascophyllum is known by many popular names, the
most important being:

Norway: Hestt eng (horsetang), grisetang (pig-.
tang). Also blaereta1-ig, knoppt eng and
boletang, these referring to its
characteristic vesicles

British knobbed or knotted wrack, yellow tangy
Isles : sea whistles, rockweed

Iceland: kl6thang

Denmark: buletang

Sweden; knitang

Canada: rockweed, goémon de roche, bottle kelp

France: goemon, varech (together with Fucus
ves iculosus')

Nethrlands: knot swier

Germany: knot ent eng

1 .2 Taxonorr

1.21 Affinities, diagnosis

Ascoclrllum nodosum (L.) Le Jol. belongs to
the family Fucaceae of the order Fucales of the
brown algae. It is usually considered to be the
only species of the genus although an unattached
form has been described as a separate species,

lum belongs to a welldefined group within
-the Fucaceae in which tufts of a special fertile
shoots sprout from certain discrete points along
the margin of the thallus. The group has a number
of spectacular representatives in colder waters of
the southern hemisphere, Ascoy11um being the only
one from the northern, A near relative is the South
African Judllai'ia constricta (Kiitz,) Gruber (see for
instance Thribsch 'f5'

A diagrostic description of the genus
sufficient to distinguish it from

other genera of Fucales, follows (see also Figs.
i and 2).

Thalhus linear, compressed, dilated a-t inter-
vals by air vesicles, without a midrib, Primary
branching dichotomous, initiated by the apical
cell. Secondary branching bilateral, from initial
cell located in marginal slits, producing either
usa vegetative shoots or tufts of special fertile
shoots (receptacles), Slits distributed at more
or less regular intervals all along both margins
of the shoot, giving it a more or less serrated
aspect, but never seen to grow into teeth or leafy
expansions, Receptacles first linear, then spathu-
late and finally, at maturity, globular with a flat
or triangular stalk, Oogonia with 4 eggs, very
rarely with 8 (atavism?).

1.22 Subspecies

There can be no doubt that genetically dif-
ferent races of lum exist, and in large
numbers. Anyone who spends sorne time in an
Ascophyllumn field of some extension may easily
discover differences between neighbouring plants
which cannot be explained by external factors.
Fig. 3, A.-.]), shows, for example, four different
types of receptacles found. on the same date and
at the sane locality (Leaiigen, Trondheimsfjord),
but on different plants. One of there (A) was an
abnormal, giant receptacle which itself produced
normal sized receptacles. The others (B,C,D) are
normal sized receptacles of three common types.
In Galway, Ireland, the writer found a plant which
had no lateral slits or shoots, but was otherwise
normal in appearance.

FIRN S38 Rev, 1 Knobbed urack 1:1
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Fig. i Stages in the development of a lateral vegetative shoot, also
showing the seasonal variation of the receptacles, y1 and. V2
first and, second set of contemporary vesioles, r - receptacles
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Fig. 2 Stages in the development of a base shoot

i lateral vegetative shoots
b new base shoote
r receptacles

4th year

FIR38 Rev.1Kobbed wrack 1:3

8. Aug.

A. Apr

2nd year



A

F

0 1 2 31cm

Fig. 3 Six types of receptacles: A - giait form with normal
receptacles from lateral slits and, from flat surface;
B - oval; C - spherical; and. D - acuminate receptacles.
E and. F - receptacles from A. mackaii (redrawn from Taylor
arid, Harvey)
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In addition to receptacle size and form, the
following morphological features may undergo
genetic variation:

i) the size and form of vesicles
the serrai ion
the mean number of branches and, the
position of bifurcations relative to
the vesicles

Fig. 4 shows four top portions of shoots from four
neighbouring plants. The peculiarities shown in
receptacles, vesicles, serration, and branching
are all probably genetically determined, because
they are constant for all shoots of the same plant.
There is thus ample justification for describing
them as separate sub-species, each with a new name,
The writer sees no reason to do so, however, be-.
cause one would then see no end to the number of
Ascophylluis sub-species.

Receptacle variation also exists in the un-
attached A. mackaii, to judge from the figures by
Harvey (171) and Taylor (1957) reproduced here as
Fig. 3, E and. F. In this case, it seems that, 'to
a large extent, ordinary vegetative tips are tra-
formed into receptacles, a condition which is ex-
tremely rare in attached plants.

1.23 Genetic data

According to an investigation by Lewis
published in Godward (1966), the chromosome number
of Ascophylluxn is n = 32.

1.3 Morphology and anatoIV

1.31 External morphology

Definition of the terms shoot and plant:
A shoot of Ascophyllum is the complete morpho-
logical structure produced either by a fertilized
egg or by a special initial cell, but without the
interference of new initial cells, Thus, a mother-
shoot may produce a number of initial cells which
in turn may give rise to daughter-shoots. These
daughter-shoots will be considered as separate
units for statistical purposes and not as belong-.
ing to the mother-shoot. A shoot is thus essen-
tially the same as a proliferation.

An attached plant of lum may be de-.
fined as the assemblage of shoots and stumps of
shoots arising directly or indirectly from a
common holdfazt, This definition is not always
a precise one (Baardseth, 1955b) because the
holdfast itself is a growing structure, which
may produce several independent holdfasts, As a
result, it may often be difficult to decide
whether one single, irregularly outlined holdfast
is present or whether there are many separate ones.

1:5

A plant so defined thus becomes an inadequate
statistical unit and is consequently better if
the definition is based on the concept of a shoot
when such characteristics as length, weight and
age are considered.

Morphological description: The holdfast
(Fig. 8) is a conical, compact disc with a rather
irregular outline. Its colour is light yellow in
peripheral actively growing regions, but is dark
brown or even red or black in decaying parts.
From the holdfast, shoots arise, which may be
referred to as base shoots. When young, those
are light yellow, but they darken with age. They
are somewhat compressed (Fig. 2, F), dichotomously
branched, with air-vesicles at intervals along
the thallus, and they have no midrib. At moro
or less regular intérvals along both margins are
found small slits or cavities containing the ini-
tiallin cells for development of mew shoots
(Fig. 5). Such shoots may be referred to as
lateral shoots. They develop either into fertile
shoots (called receptacles or fruit bodies, Figs.
1 and 2, r) or into vegetative shoots (Fig. 2, 1).
A slit may produce several shoots in one season
and, repeat shoot-production for several seasons,
but its capacity for doing this decreases with age.
Within a few millimetres below and above the colour-
change demarcation line between holdfast and base
shoots is a zone of great regenerative power.
There are no slits in this region similar to those
situated along the margins of the shoots, and the
shoots arising from it are not bundled together
like the lateral shoots, They represent new base
shoots (Fig. 2, b) and their development is some-
what different from that of lateral shoots.

If a shoot, for some reason, loses all its
apical growth points, it can no longer grow in
length and will be referred to as a stump. These
are quite normal living parts of an Ascoph3rllum
plant. They may grow in thic1ess and produce
new shoots, either laterally or basally.

There is also the possibility that a wounded
surface may transform some of its cells into shoot
initiators, especially when the wounds occur in
young tissues.

The parts composing a plant of Ascophylluzrt
may then be categorized as follows:

1 Holdfast
2 Stumps

3 - Base shoots (these are exclusively vegetative)
4 Lateral fertile shoots (receptacles, fruit

bodies)

5 Lateral vegetative shoots
6 - Wound surface shoots (exclusively vegetative)
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Fig. 4 Top portions from four different plants.
Learigen, Trondheimsfjord, Norway, Jan, 1969
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Phenological changes in morphology: The
appearance of parts 3-6 varies according to age
and season. In order to understand the seasonal
changes in outward, appearance and in the relative
positions of the various kinds of shoots, it is
advantageous to consider their complote life-
history under the following three headings:
a) receptacles, b) latera]. vegetative shoots, and
o) base shoots. The wound-surface shoots are vir-
tually identical with the lateral vegetative shoots.
The months given below for the various develop-
mental stages apply to the Thondheimsfjord., Norway.
The same stages may appear slightly earlier in
southern localities, later in more northerly re-
gions (Printz, 1959b). There is also considerable
individual variation (Baardse-th, 1970a).

a) Receptacles

ist April-June:
year The sprouting of receptacles usually begins

in April, in the upper portion of the plant,
from slits which have never produced shoots
before (Fig. i, C). It ccntinue in May end
June, in these months also from slits which
have already produced a set of receptacles
(compare Fig. i, D and K). Slits may pro-
duce receptacles 6 times (Prints, 1926) or
more, but progressively fewer each time,

June-August:
There is a general increase in length (Fig.

D and E) with formation of a cylindrical
or spathulate structure, up to 1-2 cm of
length.

B

Fig. 5 A: Diagrammatic longitudinal section through an apex in
plane of flattening

a apical cell
i-6 ' successive lateral initials sunk in marginal slits

B: Diagrammatic longitudinal section of a slit showing one
outgrowing lateral (i) and two dormant initials (i).
Redrawn from Fritsoh (1945)

Sept ember-Oct ober:

All shoots now begin to broaden at their
tips, and at the same time cavities
(conceptacles) appear in the cortex.

March-April:
The receptacles swell gradually due to the
uptake of gas and water (Fig. 1, J).

April-May-June:
The receptacles ripen and the release of
gamets from the conceptacles begins (Fíg. 1,
J). They are then shed in May and during a
part of June.

Receptacles thus last for 12-14 months and
undergo a definite seasonal development during
this time. The time schedule may differ slightly
from year to year, and is probably dependent upon
external seasonal factors the nature of which is,
however, unknown.

ò) The lateral vegetative shoots

These arise from lateral slits, either in
base shoots or in the stumps of base shoots, but
in rare cames they arise also from slits in lateral
shoots, Lateral shoots produced by a shoot which
itself is lateral in position, practically always
develop into receptacles.

ist April-June:
year The exact time of sprouting is difficult

to establish because the first stages of
growth are indistinguishable in appearance
from those giving rise to receptacles.
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When they are distinguishable (in August-'-
September), the vegetative shoots have grown
for some time, so that their sprouting proba-
bly takes place at about the same time as
that of the receptacles,

July-December:
Nothing happens to the shoot except a general
growth in length with production of slits,
ending up with a flattened longitudinal
structure like that in Fig. 1, A.

February-March:
At this time, some shoots produce a first
vesicle at the tip (Fig. 1, B). There is
a well defined period of vesicle-forrnation
during the year (Baarciseth, 1955b); David,
1943; Prthtz, 1926; Sunderie, 1953) outside
of which no new vesicles are formed. Not all
shoots are liable to produce a ves ide even
during the vesicle-formation period. It
seems that a minimum weight, or possibly age,
of the shoot is required for this ability
(Baardseth, 1955b).

2nd April:
year The vesicle increases in size, the shoot con-

tinues to grow above the vesicle and, the first
set of laterals appear from the slits (Fig.
1, C).

May-August:
There is a general growth in length and
thickness of the shoot, and frequent branch-
ing which is- strictly dichotomous in its
initial stages (Fig. 1, D arid E). Later,
the -two daughter-branches may branch again
but not always in the same manner. All
branches of the same shoot usually reach
the same length.

Sept ember-January:
Growth in length either stops or is retarded.
Development of receptacles continues as des-'
cribed before (Fig. 1, F and G)..

February-March:
Each tip of the shoot acquires a new vesicle
(Fig. 1, H). This is the second set of con-
temporary vesicles, and the shoot is now
almost 2 years old. The next year, at the
saine time, a third set of contemporary vesi-
eles appears, and so on. The age of a lateral
shoot may thus be determined by counting the
number of sets of contemporary vesicles, A

lateral shoot with n sets of contemporary
vesicles (i.e. at the same level) is approxi-
mately n years old.

3rd April:
year A new set of laterals appears above the pre-

sent set of receptacles (Fig. 1, J).

May-June:
The first crop of receptacles ripen and drop
off (Fig. 1, J arid K). From their slits new
laterals sprout forth. These are a little
delayed as compared to those mentioned above.
They develop into the second crop of recepta-
cles produced by this part of the shoot,

Further development takes place in the saine
manner, unt il the shoot for some reason loses its
growing points. Although 20 year old shoots have
been reported, they usually do not attain an age
of more than 10-12 years.

o) The base shoots

These arise from the basal regenerative
region of older base shoots, or from stumps of
base shoots. After some time, they produce hold-- -

fast tissues of their own, so that sooner or later
they appear to be attached directly to a holdfast
and not to the mother shoot (Fig. 2, F, b). -

Their seasonal development is similar to that
of the lateral vegetative shoots, but the following
differences must also be noted in addition to the
different mode of attachaient:

I't probably takes about one year more before
the first vesicle of the base shoots is formed
(Baard,seth, 1955b). Their age in years is con-
sequently equal to the number of sete of
vesicles plus one, There is, however, also
a possibility that stunted or dwarfed shoots
may take an even longer time before developing
their first vesiclee.

The first set of laterals of a base shoot is
almost always vegetative, as distinguished
from that of a lateral shoot, which is fertile,
(compare Figs. 1, G and 2, o).

The second set of laterals is partly vegetative,
partly fertile (Fig, 2, E). In later sets, the
majority of laterals are fertile, but vegeta-
tive ones are also frequently seen,

It will be understood that Ascophyllum lends it-
self well to developmental and seasonal investiga-
tions, not only because the age of the whole shoot
is determinable, but also because the age and life---

history of every part of the shoot is known. As
for the stumps, an exact age cannot be determined,
but a minimum age can usually be assessed because
they must be older than the lateral fixed to them.

Individual variation: The morphological des-
cription given above applies to well developed and
fairly complete shoots like those in Fig. 1-2.
However, a considerable amount of modification may
occur, due to variation in external factors. First
of all, there is variation from shoot to shoot
within the same plant and from plant to plant at
the same locality (Baardseth, 1955b and 1970a).

FIRM 238 Rev. 1 Knobbed wrack
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The weight distribution within narrowly de-'
fined groups of shoots has been studied for a
regrow-th population (Baardseth, 1955b). A charac-
teristic feature was the extreme skewness in the
distribution, which was found to increase with the
passage of time. In a sample of stump shoots three
years old, the lightest shoot weighed 130 mg and
the heaviest shoot 17 000 rag. In a study of the
quartiles of a time-series of samples, it was found
that the shoots clustering around the upper quar-
tile increased in absolute dry weight four to five
times as fast as those around the lower quartile,
Also, there is a strong positive weight correlation
between the internados along the axis. For
Ascophylluja shoots, it is therefore tempting to
enunciate a slogan; Once weak, always weak; once
strong, always strong,

Individual variation in water and mineral
content, is treated in sections 7.1 and 7.2.

Ecological variation: The appearance of
Ascophylluin shoots and plants varies according
to ecological conditions, but such variation has
been little studied by exact methods, The use of
the so-called "discriminant function" for such
studies (see Bergquist, 1959) is well worth con-
sidering. There is no doubt, however, that eco-
logical variation exists, on top of the individual
variation. There-is thus a general reduction- in
size and development; at high sbare levels, to-
wards exposed localities, in rock-pools, in low
salinity and highly polluted waters, etc.

The free-living forms (r. mackaii and f.
acorpioides) are well known modifications due to
habitats. Detached fragments of Ascophy-lum are
usually thrown ashore or are found floating on the
surface. However, they occasionally get trapped
in the littoral, for example when a peculiar con-'
figuration of the shore does not permit them to
float out again with the tide, In the latter
case, the fragments may develop into forms called
scorpioides or mackaii which later multiply and
branch independently of the original fragment.
CFor drawings see Taylor (1957) Pl. 27, Fig. 3
and Pl. 26, Fig. 2. Photo of mackaii vegetation
see Lewis (1964) Pl. 32 A]. These forms are
characterized by intense lateral and, apical
branching, by- frequent suppression of vesicle
and receptacle formation and, by development of
thin, almost cylindrical branches. They develop
into isolated tufts or dense awards, often in con-
siderable quantities on muddy or sandy bottoms.
Gibb (1957) who has studied these forms extensively,
recognizes a Baltic form, a beach form, a marsh
form and a turf form.

From an industrial point of view, the free-.
living forms have the disadvantage of containing
sand.

Ecological variation of chemical composition
is referred in section 7,

1.32 Anatomy and cytology

The anatomy of Ascophyllum is fairly well
known through the investigations of Oltmanns
(1889) and others. The growth of an Ascophyllum
shoot is governed, by an apical cell (Fig. 5, A)
which, in the period of active growth, cuts off
cells laterally and basally, Two meristems are
produced: i) the surface layer of cells, called
"meristoderm" by Sauvageau. This is present in
all parts of the plant, but is not always active.
It is responsible for the development and growth
of the cortex of the plant (Fig, 6). Some cells
of this meristem, situated along the median lateral
line of the plant, are distingaishable as initiating
cells (Fig. 5, A), which gradually sink in the well-
known lateral slits, The initiating cells multiply
and form the starting point of new shoots (Fig, 5,
B). These at first grow by means of a three-sided
apical cell which later becomes four-sided. 2)

The subepidermal layers of cells in the apex divide
at first both laterally arid transversely to produce
the medulla of the plant. Very quickly however,
all lateral divisions stop. A few transverse di-
visions continue to occur, but after that the medu-'
llary cells do not divido any more. They grow in
length arid thickness, however, and develop in three
ways, according to their final location into the
medulla of a) receptacles (Fig. 6, B), b) fibres
in vesicles, and c) the main vegetative thallus
(Fig. 6, A), In the last case, a new type of cell,
the hyphae, is being produced especially by the
cell layers between cortex and medulla, and grows
between the original medullary cells (Fig, 6, A).
The hyphae and the medullary cells are easily dis-
tingaishable, for instance by their behaviour to-
wards polarized light. Hyphae become progressively
more numerous towards the base of the plant and the
holdfast hardly consista of anything other than
hyphae. They are absent in the inflated part of
receptacles and in the fibres of the vesicle.

The intercellular spaces of the medulla are
occupied by a water-insoluble substance (probably
calcium and magnesium alginate and fuco idan) in
the vegetative part of the thallus, by a complex
soluble substance in the receptacle madulla and
by gas between the fibres inside the air-.vesicles.
The intercellular substance of the receptacle
medulla could, at certain times of the year
(Baardseth, 1969), be squeezed out directly and
analysed. It consisted of Na,-, K-, Ca-, and Mg-
alginate, fucoidan, inorganic salts (which in-
creased from ca, 70% of the dry matter in March
to ca. 94% in May when receptacles were ripe),
and possibly of phenols and also gas bubbles.
For presence of diatoms and fungal hyphae, see
section 4.5.

The cytology of ll has not been very
extensively studied, at least not by modern methods,
Ordinary light microscopy reveals the following
major cell bodies: -
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Fig. 6 A: Longitudinal section through cortex and adjoining
part of medulla, Physodes indicated by dots.

B: Longitudinal section through receptacle medulla

m medullary cell d = intercellular diatoms
h = hyphae f fungal hyphae
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Chromatophores which are distributed in
cortical and also in med.ullary cells. The
assimilatory capacity of the latter may be
questioned, but nothing is known.

Nuclei, of which there is always one per cell.

Physodes. These occupy a large volume of the
cell. They are numerous in cortical, medu-
ilary and hyphal cells in all parts of the
plant, except in the medulla of the recepta-
clos and in growing tips (Fig. 6, A). The
physodes are best fixed with formalin arid.
stained with bisdiazotised benzidine.

Fat vacuoles. Sudan-stainable vacuoles are
seen, particularly in both extremities of
medullary cells.

Wall. This consists of at least two layers
but old. medullary cells gradually become
mult i-layered..

Other cell bodies. Numerous small particles
are frequently seen in the cells and in the
intercellular substance. They have been
little studied in Ascophylluni.
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2. DISTRIBUTION, ECOLOGY AND METABOLISM

2.1 Total area

Ascopliyllum is confined to the North.-Atlantic
coasts and the adjoining parts of the Arctic Sea
(Fig. 7), Its exact geographic distribution is
not completely known owing to gaps in the investi-
gation of Arctic shores, but in the main the dis-.
tribution of attached plants is as follows:

Northern limits: White Sea and island
Kolgujev (A.D. Zinova, personal communication)
but not further east (Kjellman, 1883; Zenkevitah,
1963). Attached Ascophyllum has not been recorded
for Novaya Zemija or Spitabergen, but is common
along the Murman coast, and the coasts of Fiiwnark
(Norway) and Iceland. In Greenland, it extends up
to 66°N (J6nsson, 1904) on the east side and to
77°N on the west side (R.T. Wilce, personal com-
munication. See also Rosenvinge, 1926). It is
furthermore recorded for Cumberland Sound on
Baffin Island (Kjellman, 1883) and Ungava Bay,
Labrador. (Wilce, 1959).

Southern limits: Ascophyllum extends as far
south as Viana do Castelo in Portugal, close to
the Spanish border (Crisp and Fischer-Piette,
1959). It haz been found cast ashore in the
Azores several times, especially after storms,
and it is accordingly assumed that it also occurs
attached there (Schmidt, 1931). On the American
coast, New Jersey appears to be the southern limit
(Taylor, 1957).

Centre of distribution: Within these north-
ern and southern boundaries, the largest quanti-
ties of industrially harvestable Ascophylluxn are
found in Western Norway, the British Isles,
Northern France, Iceland and Eastern Canada,

Non-occurrences: Within the limita stated,
attached Ascophyllum has been found in the
Kattegat Sea as far south as Grenaa (s. Lund,
personal communication) on the Danish coast, and
Kullen on the Swedish coast (Levring, 1935), but
i-t does not penetrate into the Baltic Sea. As
the free-living form, f, scorpioid.es, Ascophyllum
occurs, however, further south, for instance in
the Danish belts, Kieler Fhrde, and Travemunde
(Reinke, 1889). Attached Ascophylluin has not been
recorded for the west coast of Denmark, Belgium or
the French Basque coast between the bay of Gironde
and the Spanish border (Crisp and Fischer-Piette,
1959; Feldinann and Lani, 1941). It is also ab-
sent in places where wave activity is too heavy
and, in polluted areas.

2.2 Local vertical and horizontal distribution

Vertical distribution: In regions with tides,
Ascoph,yllum is an intertidal species, forming a
zone at somewhat varying levels. Data of compre-
hensive measurements and analysis of these levels

are missing in the ecological literature, but a
general impression is that Ascophyllum occurs
from slightly above midtide level down to some-
what above extreme low-water level. At one lo-
cality (Tarva, Norway, at ca. 64°N) with a maximum
tidal range of 280 cm, the Ascophyllun zone was
found between 50 and 175 cm above the extreme low
water level. Judging from a diagram given by
Lewis (1964), Ascophyllum seems to occupy similar
levels in Scotland.

In regions without tides, it is permanently
submerged, but usually occurs in shallow water,
Here it occupies a zone with a lower limit of
about 50-60 cm depth (Gisln, 1930). If the
salinity of the surface layer is reduced, for
instance near estuaries, the lower limit of the
zone may be extended to a depth of about 330 cm.

There can be no doubt that the greatest
quantities of Ascophyllum are found in regions
with tides. It also seems to be a rule that the
greater the tidal amplitude, the larger are these
quantities, This is not due solely to an extension
in width of the Ascophyllum zone, because it seems
that the plant thrives better when it is exposed
to the air during low tides, This is easily demon-
strated when specimens in constantly submerged
rock-pools are compared with those ci' the tide-
exposed shore,

Horizontal distribution: Toward the edge of
its geographical range, Ascophylluxn occurs
sporadically, but in the centre its distribution,
can be said to be more or less continuous, There
are, however, certain local limitations to its
distribution, which will be considered in con-
nection with certain ecological factors (see 2.3).

2.3 Effects of ecolo:ical determinants

The tolerance limits of Ascophyllum toward
certain ecological factors may be determined, at
least approximately from its regional and local
distribution. Before drawing conclusions from
such studies, -the interaction between ecological
factors and interspecific competition, must be
taken into account.

(a) Sea temperature: It is hardly possible to
indicate a minimum sea temperature below which
Ascophyllum cannot live because of the simul-
taneous influence of ice. It thrives, however,
in a perfect condition, in Finmark at winter and
summer temperatures of about 30C and 7°C, res-
pectively, in Northern Iceland (1-10°C), and in
Labrador (-1.78° and 4°C), The southern bounda-
ries of Ascophyllum appear to be largely deter- -

mined by a maximum summer temperature above which
it cannot live. This is about 22°C (Setchell,
1920, 1922) on the American coast. At the
southern limit in Portugal -there is a summer sea
temperature of about 19 C, while at the Azores
it is about 23°C (Schmidt, 1931).
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At shores with large quantities of Ascophyllum,
summer sea temperatures between lo and. l°C are
frequently recorded., but it would. be difficult to
determine an exact optimum temperature from its
distribution.

(b) Ice: It is most probably ice which prevents
Ascop]iyllum from penetrating further north into
the Arctic regions (Kjellman, 1883). In western
Sptsbergen (Svendsen, 1959) for instance, where
the sea is usually frozen from December until May,
Ascophylluxn is absent, although other, more fast-
growing littoral algae are present. However, the
alga can apparently tolerate a certain amount of
ice, because the White Sea and the Davis Strait
are frozen during winter, Wilce (1959) writes
that attached Ascophyllum under such conditions
is more frequently sublittoral than littoral.
Also, in regions with no permanent winter ice,
Ascophyllum may, during periods of severe cold,
be embedded in a mantle of ice for several days
without apparent injury Prints (1957) reports,
however, almost complete disappearance of
Ascophyiluin during the severe winters of 1939-42
and. 1946-47 in Southern Norway when this part of
the coast was blocked. with ice. It is probably
the movement of the ice rather than the actual
freezing which is destructive to Äseophylltun.

(o) Salinity: Ascophylluzn thrives in sea-water
of normal salinity, but may also tolerate a cer-
tain amount of dilution or diurnal salinity
changes near river outlets. The distribution of
Asooph,yllum in localities with a salinity gra-
dient has been studied (Alstadsaeter, 1954; Doty
and Newhouse, 1954; FiacherPiette and. Seoane-
Camba, 1962, 1963; Gisln, 1930; J.orda and
Kiavestad, 1963; Larsen and. Haug, 1958). Salmi-
ties at such places vary considerably according to
tides and rainfall which makes it difficult to
determine precise lower tolerance limits from such
studies. Doty and. Newhouse report Ascopl-iylluin from
estuaz'ine waters with a maximum salinity of 17.3
0/00 and. a minimum of 0.0 0/00.

In the inner part of Hardangerfjord, Norway,
Ascophylluni still exists at salinities of between
10 and 15 o/ao in MayAugust (Als-tadsaeter, 1954;
Jorde and Klavestad, 1963).

(d) Exposure to waves: It is well known that
Ascopbyllum cannot res ist very heavy wave action.
In passing from protected places to the open sea,
it can be observed that the number of plants be---

come progressively reduced, and that they consist
increasingly of stumps and shortlived shoots.
The plants sometimes find a foothold on shores
facing the open sea, but in such cases their de-- -

velopmént is always extremely reduced and it occurs
only in placee with at least sosie local protection.

Although the waveexposure factor is im-
portant in determining the local distribution of
littoral organisms, direct measurements are not
practicable. A measure correlated to this factor,
viz, the sector of open sea facing a locality
(Baardseth, 1970b), has been taken instead. This
measure was called the exposure index and was em-
ployed in classifying the types of sampling areal
units into protected, semiexposed and fully ex-
posed.. By sampling the norwegian West coast be-
tween the latitudes 600 and 67°N on the basis of
a sampling uni-t of 463 463 n, it was found. that
93.7% of the protected units, 73.4% of the semi-
exposed units and. 28.6% of the fully exposed. units
contained Asco yllum. This series of percentages
thus expresses the correlation between exposure and
ocourence of the species in a quantitative way, but
this correlation could evidently be assessed more
precisely by decreasing the size of the sampling
unit and by excluding all units with an unfavourable
substratum.

(e) Substratum: Ascophyllum requires rocks or
stable stones for attachment. In fact, its com-
petitor Fucus vesiculosus appears to be able to
occupy a stony beach more easily than Ascophylluni.

(e) Pollution: Ascophyllum was a common alga in
the inner par-t of the Oslofjord souse 50 years ago,
but has almost disappeared now, probably due -to
the increased sewage pollution (Grenager, 1937).

In laboratory experiments Boney (1968) has
tested the influence on different algae of the
main detergents which were used for emulsifying
the oil spilled. d.uring the Torrey Canyon disaster.
He describes their effect on Ascophyllum recepta-
cles and consep-tacle contents as well as that on
Ascophyllum spermatozoids.

(g) Other ecological factors: Light, inclination,
competition, epiendophy-tes, and human influence
may of course all affect the local or regional
distribution of Ascoph,ylluun, and also its density,
but the importance of these factors is not SO
obvious as of those stated above.

The geographical and local distribution of
Ascophylluin thus shows that the species is eury-
thermal, with a wide temperature tolerance (from
0°C to about 20°C); euryhaline with a salinity
tolerance of about 15 to 37 o/co, that it occurs
in protected localities, requires firm sub-stratum
and is somewhat sensitive to pollution.

2.4 Nutrition nndoh
Physiological processes in Ascophlllum such

as assimilation, respiration, growth, etc. have
been little studied by experimental methods.
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2.41 Assimilation

The assimilation surplus, determined by the
02-method of Winkler, has been studied for various
depths and months (Levring, 1947; Print z, 1950)

and. for parts of the plant at different ages
(Prin-tz, 1959a). Nath (1967) studied the up-
take of 02.

2.44 Growth

The increase in mean weight of internodes
(Printz, 1926) and in mean weight of shoots
(Baardseth, 1955b) with time has been determined.
David (1943) studied the length increase for
various parts of the shoot. The effect of auxins
on the growth of Ascophyllum was reported by
Davidson (1950).
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3. LJ ISTORY

3.1 Life cycle

3.11 Alternation of generations

Like all other species of Fucales, phyllum
has only a sexual generation. It is furthermore
impossible to assign a fixed life cycle to the
species, in the sense of a plant's germination,
growth to maturity, reproduction, ageing and death,
because a plant is constantly being renewed from the
the base. When speaking of a single shoot, however,
the life span is limited. Its development is des-
cribed in section 1.31 and its age and weight, in
4.1.

3.2 poduction

Ascophyllum reproduces vegetatively by basal
shoots which gradually become detached from the
mother shoot (see Fig. 2) or by lateral shoots
from loose fragments (r.. scorpioides or f. mackaii).

Sexual reproduction is oogaxnous with eggs and
sperms produced in the conceptacle cavities within
the receptacles (cf. 1.31), Extrusion of eggs and
sperms from the conceptacles is easily accomplished
by exposing ripe receptacles to air over-night..
Fertilization is also readily obtained by mixing
eggs and sperms in sea water. The settling of
zygotes and the production of a rhizoid take place
within the first ten days after fertilization
(Sundene, MS), but after that, growth seems to be
extremely slow. Sundene managed to keep germlings
alive for 5 years, partly in culture and partly in
the sea. The germlings reached a size of not more
than 0.1-0.2 cm after one year of growth and 1.0-
1.5 cm after two years. The growth rate of germ-
lingo is thus extremely slow in comparison to that
of its competitor, Fucus vesioulosus, and the
chances of their being covered by diatoms or
attacked by Littorir..a are greater. This may ex-
plain the scarcity of Ascopl-iyllum geralings in
nature, a fact which was commented upon by Oltanianris
as early as 1889.

Two year old plantlets had new base shoots in
Sundene's experiment, and the first air-vesicle
and receptacle appeared after the plantlets had
grown for five years.

Reproduction by fertilized eggs is thus in-
efficient in the case of Ascophyllum, but must
necessarily be successful from time to time, as
otherwise settlement on isolated stones would be
impossible. However, vegetative reproduction by
base shoots is by far more important.

Sundeno also reported bud-like structures on
the rhizoids of gerrnlings, but pointed out that
they have to be studied. more closely.

3.3 Phenology

3.31 Seasonal variation in external
appearance and morpholor (see
section 1.31)

3.32 Seasonal variation in total
fresh and dry weight

The fresh weight of Asoophyllum varies
throughout the year. The changes in fresh and
dry weights of three sets of Ascophylluzn plants
were followed from month to month in two con-
trasting habitats (Baardseth, 1970a). The main
results (Table I) of this investigation were as
follows i

Summer (June-August): The plants increased
their absolute dry weight from a low value
in June to a high value in September-October.
This is due to growth of vegetative parts and
simultaneous building up of a new crop of
receptacles. In addition, destructive forces
may not be as active during the summer as they
are during the rest of the year.

Winter (September-March): No significant in-
crease in dry weight took place during this
period. The weight either persisted at a
constant level, or dropped as a result of
the action of destructive forces.

(e) Fruiting season (April-May): The fresh weight
increased considerably due to the uptake of
water by the ripening receptacles. The dry
weight sometimes showed a temporary increase,
probably due to the uptake of salt. After
the shedding of receptacles, a loss in dry
weight was usually apparent, although a
simultaneous growth of vegetative parts
counteracted this to a certain extent.

The densities at the two localities investi-
gated were therefore usually at a maximum in
late summer and at a minimum in June, inne-
diately after shedding of the receptacles.
However, it must be noted that accidents may
sometimes disturb this simple picture.

3.33 Seasonal variation in other
characteristics

For seasonal variation in water, inorganic
and organic contents see sections 7.1, 7.2 and
7,3, respectively. Seasonal features, of the
endophytio diatom population, are treated in
section 4.5,



Date

Set 2
Leangen 1956-58 Leangen 1963-65

Set 1

Fresh Dry

weight reight

k kg)

Fresh
w eight

Dry
weight
k

Date

TABLE I

Seasonal variation in fresh live weìght and in estimated
dry weight of three sets of Asoopblluin plants

Set 3
Byneset i963.65

Dry
weight

k:

Date
Fresh
weight

k

5/ 8/56
3/ 9/56

112.9

136 8

5/11/63
28/11/63

125.6

123.8

30.5
29.5

6/11/63
4/12/63

108.1

105.4

30,0
28,8

2/10/56 165.4 40. 1 13/ 1/64 130.1 28.9 15/ 1/64 83.0 21.0

1/11/56 182.4 41.7 19/ 2/64 117.9 27.9 18/ 2/64 86.9 22,6

30/11/56 157.5 38.8 18/ 3/64 128.3 28.5 19/ 3/64 69.2 19.6

14/ 1/57 145.4 38.3 15/ 4/64 176.2 31.6 16/ 4/64 72.8 18.1

12/ 2/57 155.2 33.3 28/ 5/64 110.2 27.8 29/ 5/64 71.1 16.7

12/ 3/57 182.6 37.2 27/ 6/64 122.7 31.9 29/ 6/64 73.3 20,6

ii/ 4/57 161.0 31.5 5/ 8/64 124.0 34.2 4/ 8/64 85.1 25.4

io/ 5/57 150.1 28.6 4/ 9/64 152.0 37.0 5/ 9/64 110.2 30.2

8/ 6/57 94.8 25.3 24/10/64 157.7 37.5 26/10/64 103.9 29,2

12/ 7/57 117.1 32.0 16/12/64 155.4 34,4 17/12/64 108.2 28.3

22/ 8/57 155.1 41.3 19/ 2/65 169.4 35,3 20/ 2/65 114.6 28,0

5/10/57 188.4 44,9 2/ 4/65 170,6 28,7 3/ 4/65 117.4 24,2

9/11/57 184.5 44.5 27/ 4/65 188.5 34.0 28/ 4/65 124.0 29.1

5/12/57 181 .2 41.0 4/ 6/65 153.5 37.8 5/ 6/65 127.2 29.5

17/ 1/58 174.3 39.0
14/ 2/58 168.3 37.6
14/ 3/58 157.7 37.1

15/ 4/58 224.2 43,7
23/ 5/58 236.8 37.2

24/ 6/58 92.9 26.7
28/ 7/58 116.1 32.2

12/ 9/58 150.7 38.3
11/10/58 118.7 33.1

8/11/58 130.2 34.0
9/12/58 109.3 28.2
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4. POPULATION

4.1 Structure

4.11 Age composition

The age of an Ascophyllum "piani" cannot be
d.eterminecl. Because of its vegetative reproduct ion,
a "plant" of Ascophyllum as it is seen today, might
have originated from a fertilized egg thousands of
years ago. Therefore, the age of an Ascophylluni
"plant" is a meaningless variable, but if shoots
are considered, their age can be determined. Two
examples are given in Table II.

In two random samples of Ascophylluzn shoots,
one from Leangen, Thondheimsfjord 1959, arid the
other from Galway, Ireland 1948 (Baardse-th, 1955b)
the numbers of base and lateral shoots in each
year-class were counted. In the Gaiway sample,
only stump shootB were counted, the laterals on
base shoots being disregarded, whereas in the

o

i

2

3

4

5

6

7

8

9

10

11

12

13

*) Not counted

TABLE II

Number of shoots in each year-class in two samples of Ascophyllusn

Leangen sample, all lateral shoots were included,
In both samples (Table II), there appeared to be
a steady decline in number of shoots from one year-
class to the next (the few exceptions to this rule
may be due to sampling fluctuations). This age
distribution indicates that the "birth rate" within
an Ascophylliim shoot population is fairly constant
from year to year. There is at least no year-class
with a conspicuously abnormal number, such as may
be found. within animal populations. The "death-
raie" is also of the usual type, with a very heavy
mortality at the beginning of life, then a decrease
until a minimum mortality amongst the middle-aged
shoots is reached, and finally a gradual increase
with increasing age. The entire maximal life-span
appears io be 11-13 years in these two localities.
In localities with greater wave exposure, the maxi-
mum age will be less.

Harvesting will probably alter the "birth-"
and "death-rate", but very little detailed infor-
mation is available about this.

1267
5224 4712

35 727 1009 3177

46 491 727 1553

6i 328 472 1070

34 168 446 808

43 64 398 637

27 43 218 360

18 5 103 31

13 29 22

2 26 iB

1 12 4

- 8 5

-

Leangen, ond.heimsfjord Galway, Ireland
Year
olas s

1259 1'48
Number

of
Number

of
Number

of
Number

of
base shoots lateral shoots base shoots stump shoots
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4.12 Weight or size composition

The distribution of the values of dry weight
of shoots within the several yearclasses has been
studied for harvested areas (Baardseth, 1955b).
The regrowth on such areas produces new shoots
that are heavier, on an average, than corresponding
shoots from umcwt areas, Table II gives the total
and maori dry weight of the several shoot categories
within a sample from Leangen, Trondhsimsfjord (28
October 1959). The zero yearclass is not included.

It will be seen from Table III thai the
weightproportion between the stumps and, the
s-tuinp shoots is 2.7 : 3.3, whereas that between

Age
in

years

TABLE III

Total dry weight and, mean dry weight of the shoots iii each
yearclass and each of the three categories base shoots,
stump shoots, and lateral shoote on base shoots. Sample

from Leangen, Trondheiaifjord, 28 October 1959

base shoots arid their lateral vegetative shoots
is 5.2 : 1.9. Stumps are thus able to carry a
heavier load of lateral shoots than are actively
growing base shoots. This fact may have several
explanations. One of them may be that a fracture
or cut increases the stimulus of shoot sprouting
and grow-th (compare for instance Fig. 8, A and. B).

The estimate of the mean weight of shoots
involves a large sampling error, but it seems
safe to conclude that in this sample, the means
are about equal for the three categories of shoots
in the first 4 yearclasses, but after that, there
is an increasing tendency for base shoots to take
the lead, with stump shoots second, and laterals
on base shoots last.
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4.13 Sex composition

'Itie Ascophyllum population consists of male
and female plants, There is no sporophyte gene-
ration. In one sample of 47 plants (Troua,
Prondheimsfjord) there were 29 females and 18
males, in another (Leangen, Trondheimsfjorcì) of
56 plants, there were 30 females and 26 males.

4.2 Densit

4.21 Average density of defined areas

The density of seaweed populations are best
measured as fresh weight per unit area. This
measure is also of practical interest.

The density of an Ascophyllum zone has been
extensively studied (Baardseth, 1955a, 1958b;
Baardseth and Grenager, 1961; Chapman, 1950;
Gisln, 1930; Walker, 1947), especially in con-
nection with the total standing crop over large
stretches of coast.

The former practice of selecting squares
subjectively for cutting and. weighing gave ari
unreliable, false impression of the density.
In order to get objective density figures for
practical use, it was necessary to ensure
(Baardseth, 1955a) that: a) The Asco. ilum
zone be well defined and delimited, b The
sampling within this zone either be strictly
random or follow a scheme equivalent to random
sampling.

-b
LC

To study the density distribution within an
apparently homogeneous and luxuriant Ascophyllum
zone (Hestvaer, Norway at 64°N), the zone was
divided by equidistant transects running perpen-
dicular to the shore-line, arid all the way from
the upper to the lower boundary of the zone. In
all, 623 quath'ates of ì- m2 in size were cut and
weighed within this particular zone. The data
from each quadrate are given in Table IV, where
they are arranged in weight groups and also
according to the position of the quadrates in
the upper or lower half of the zone (20 quath-ates
were excluded because they belonged to both).
This Ascophyllum population was growing on a
rocky, gently sloping but somewhat uneven shore
and the vegetation was, as oan be seen from the
table, characterized by:

(a) A number of zero values (60 out of 623), i.e.
quadrates devoid of Ascophjllum. In order
to get a correct mean density, these zero
values were included in the calculation.
When squares are selected subjectively for
density studies, zero values tend to escape
notice or to be ignored. Only random sampling
reveals their correct number.

It will be seen that there is a greater fre-
quency of zero values in the lower half of
the zone than in the upper one. This is a
frequent characteristic of an Ascophyllum
zone, giving it a "patchy" appearance in the

lower part and a more homogeneous one in the
upper.

Fig. 8 A: Remnant parts of a plant just after cutting

B: Same, ca. 5 months after the cutting

a holdfast c base shoot
b = stump d stump shoot
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Frequency distribwb ion of fresh weights of Ascoph,yl]uin
in fr rn2 quath'ates. Hestvaer, Frooyene, Norway,

(b) The distribut ion of density values is very
skew, which requires a large number of obser-
vations in order to get the same aocu.raoy as
in the case of a normal distribution.

(o) The percentage of very high density values
is greater in the lower than in the upper
par-t of -the zone. Also, the mean io sig-mi-
ficantly higher in the lower zone in spite
of the greater number of zero values.

The mean density obtained during the in-
vestig-ati.ons described above 6.8 kg/rn2 t 0.28,
is valid for the Asoophyliwn zone 0±' this par-
ticular shore which was 250 rn long and in average
12.9 m broad. To obtain a density value for large
areas, a method of sampling along equidistant pa-
ralle], lines was tried (Baardseth and. Grenager,

1961). The result for one district, Mitra - Frya
(876 loa2), was 4.33 (± 0.369) kg Iscophyllum per
n2 where the area considered covered the range be-
tween the upper and lower-most Aacopbyllum
specimens.

TABLE IV

4.22 Variation in density with eco-
logical and accidental factors

In another large-e cale investigation of in-'
eviar and fjord districts (Grenager and Baa.rdseth,

1966, and. Baardseth, 1970b), the sampling was done
following a two-stage system involving an initial
division of' the district into large primary units
(463 x 463 m), a number of which were then randomly
selected and sub-sampled. Each of the sub-samples
covered ari area of i m2 (secondary unit). By this
method of sampling, it was possible to distinguish
between density variations: i) within a primary
unit (referred -to as accidental variation), 2
between primary units (local variation) and 3
between districts (regional variation).

Within the rocky portion of the area between
the upper and lower border of -the Ascophyllum zone,
the Aseopl-iyllum density varied between zero and 26
kg/rn' in a certain district of the Norwegian west
coast (64°-65°N) with a general mean of 5.2 lcg/m2.
A local variation was shown to be present on top
of the accidental one.

August 1954. Rearranged. from Baardaeth, 1955a

t;ç- Number of quath-ates

Upper
half

Lower
half

Whole
zone

o 19 41 60

0.1-1.9 114 81 200

2-3.9 92 71 168

4-5,9 44 40 87

6-7,9 21 30 55

8-9.9 6 14 22

10-11,9 3 9 12

12-13,9 1 7 8

14-15.9 2 4

16-17.9 2 2

18-19.9 2 2

20-21.9
22-23,9

24-25.9 i 1

26- 1

Total 301 302 623

Means 2.8 3,9 3.4
kJ* m2 ± 0.14 t 0.24 t 0.14
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District between
lai itudinal

circles
Protected

TABLE V

Overall densities of Ascophyllwn, in kg fresh weight per in2
of littoral areas, from protec-ted, semi-exposed and fully
exposed paz-te of three districts of the Norwegian coast

Semi-.
exposed

When sampling was extended to the whole inter-
tidal zone, the Ascophyllum density was of course
lower. It is given for protected and semi-exposed
parts of three districts of the Norwegian west
coast, in addition to the fully exposed part of
one district (Table V). The Ascophyllum density
dropped significantly with increasing exposure
within the same district. Although sampling er-
rors are high, it also seems highly probable that
the overall density of the southern district is
lower than that of the -two northern ones, probably
due to the lesser tidal amplitude of the former,
The density difference between the two northern
districts (2.41- 1.44 kg,/m2) is not significant.

Of all ecological factors involved, exposure
and sub-stratum are probably responsible for local
density differences, whereas tidal amplitudes and
temperature may determine regional differences.

4.3 Mortality morbidity

Life span of individuals, see section 4.12.

4.4 Total quantities

Because of its practical impor-tance, estimates
have been made of the total quantities of Asco-
phyliwn over largo areas.

From a survey covering 4250 miles of Scottish
shoreline, Walker (1947) reported 180 713 tons of
fresh rockweed, with Ascophyllum as the predomi-
nating species. MacFarlane (1952) arrived at
200 000 tons fresh weight in South-West Nova Scotia
(325 miles surveyed). From the Murman coast more
than 500 000 tons fresh weight have been reported
(Zenkevitch, 1963).

The Norwegian Institute of Seaweed Research
has tried two methods of rockweed survey, the
line survey method and a two-stage, square-
scanning sampling method referred to in section
4,2. The two methods gave similar results.

Fully
exposed All

As only selected districts of the Norwegian
coast have been surveyed, the total quantity of
Ascophyllum available in Norway for commercial
use cannot be definitely assessed. However, if
the mean values for these districts are extended
to neighbouring districts with similar conditions,
a total estimate of the order of 1.8 million tons
fresh weight is obtained. The actual estimates of
error varied between 32 and 39% of the total quanti-
ties for the three districts mentioned in Table V.
(For details, see Baardseth, 1970b).

It is of course impossible to give a well-
founded estimate of the world's total Ascophyllum
resources at present, but to judge from the existing
estimates and the Ascophylluin areas as yet urisur-
veyed, it is likely to be of the order of a few
million tons fresh weight. For reasons that will
be considered later, only a part of this quantity
is available for industrial exploitation,

4,5 Accompanying species

A large number of species may be found in the
Ascophylluin zone. Only a few of particular interest
will be considered here.

Within the territory occupied by Ascophyllum,
other fucoids are frequently seen, especially Fucus
vesiculosus, The effect of these on the frequency
and density of Ascophyllun-i has been studied by the
use of association coefficients (Baardseth, 1955a).
It appears that neither the frequency nor the den-
sity of is affected by the presence of
F. serratus, If, however, F. vesiculosus or Codiuni
are present, the density of Ascophyllum is signifi-
cantly reduced. This may be a consequence of com-
position, bu-t it could also be explained by differ-
ences in sub-stratum or exposure.

References are frequently made to the relative
position of 2llum and F. vesiculosus on the
shore. Although exceptions seem to exist, .

vesiculosus usually grows higher up on the shore
than Ascophylluni, and in certain places it is also
found below the Ascophylluin zone (as F. vesiculosus
f. vadorusn),

59°30' _60030 N 0.81 ± 0,20 0.55 ± 0.13 0,69 ± 0.13

61°30' -62°N 2.96 ± 0.58 1.46 ± 0.39 2.41 ± 0.40

640 -67°N 2.11 ± 0.31 0.79 ± 0.11 0.36 ± 0,075 1.44 ± 0.17
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Walker (1947) gives the ratio of the areas
covered, by Ascojthylhun and. F. vesiculosus in
Scotland. as 100:32, respectively. The weight.-
ratio is 100:30 in Hitra-Frya on the Norwegian
coast (Baarìze-th and Grenager 1961), In a dis.
trict further north (64°-67°N the weight-ratio

1um:F, veaiculosus:F, serratus was found
to be 100:39:41.

The following species are among those fre-
quently reported as growing in the Ascophyllum
zone:

Plant s:
Cladonhora rupestris (L.) KUtz,
Chonth'us us Ç) Stackh,
Gigartina stellata (Stakh.) Batt.
Hildenbrand-tia rototy'pus Nardo
Lithothamnion lenormandii (Aresch,) Fosl,
Geranium rubruin (Huds.) J.Ag.
Catenella repens (Liglrtf.) Butt,

(Central Europe)
Rhod.ocor'ton purpureum (Lightf.) Rosenv,

(synonymous with R. rothii Naeg.)
Halosaccion ramentacejn (L.) J.Ag.

(Northern clistribut ion)

Animal S:
rtilus edulis

Littorina s

Epi-endophyt es:
In general, Ascophylluin looks fairly "clean".

it is, however, known to be a host for several
plants and animals, some of which are confined
solely to this species of alga:

Vertebrata fastigiata (Roth) Gray (synonymous
with Polysiphonia fastigiata), This is a
common epiphy'te in the lower littoral and in
exposed localities. In rare and, exceptional
casos, it has been found on rocks and on Fucus
vesiculosus as well,

1rlaiella litoralis (Lyngb.) Kjellm.
According to Kylin (1933) and Levring (1937),
the sporophy'te of this species sits directly
on Ancophyllum, whereas its gametophy-te gene-
rat ion grows on Sertularie. vmila which, in
turn, is attached to Ascohyllum, ella
is a common Sumner epiphyte on Ascopliyllum.

ijlothrix pseudoflacca Wille, This epiphyte
is common in spring, in certain districts,
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Mytilus edulis. This is sometimes seen in
damaged vesicles of Ascophyllurn, frequently
also attached to the holdíast, but is also
found on other parts of the plant.

- Sertularia umila, This is a common zoo-
epiphyte.

yerella 22.11i Cotton, Fungal
hyphae are never absent from any part of

2ilum (Fig, 6, z), They grow in the
iniercellular spaces, usually in a sterile
condition, Whether or not these belong to
the species desc&ed by Cotton (1908), is
unknown to the euthor, Church (1954) des-
cribed a fungus in Ascophyllum receptacles
with superficial perithecia.

Navicula endophvjtica Hasle (1968). The
intercellular liquid, squeezed out of the
receptacles of Asoo.hyllun, very frequently
contains small diatoms Fig. 6, d) (Baardseth,
1966). In some instances, between 50 end
100 000 per receptacle were estimated, The
diatoms are sometimes also found in growing
tips and other parts of Ascophylluni and seem
to be associated with the occurrence of water-
soluble alginate.

The distribution of Navicula within an
Ascophylluin plant is discontinuous. In samples
from the Thondheimsfjord, Norway, 1-4% of the
new vesicles were found to be infected in
February-April, 1 ' in June and 35% of older
vesicles. In a sample from August 1968, 22%
of the linear receptacles had endopliy'tic dia-
toms, 87% of the spathulate ones and 100% of
the globular, gas-inflated ones, In the
vegetative parts of Ascophyllum between the
vesicles, endophytic diatoms are practically
non-existant.

According to an investigation by Taasen
(personal communication), Navicula endophytica
is found on both sides of the Atlantic and is
only missing in some of the more extreme habi-
tats of its host,

Cocooneis sp, This diatom is sometimes also
found in the receptacles of Ascophylluin.

Other organisms, Bacteria, Cyanophyceae,
diatoms, algae end animals of various kinds
other than those mentioned are sometimes
seen on Ascophyllum, Their distribution
has been little studied..
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5. HARVESTIG

HarveSting of Ascophyllum for various purposes
has been going on for many hundreds of years. It
was harvested in the 17th century for the manufac-
ture of soda, bu-t it was probably used at a mch
earlier time as manure or animal fodder (Chapman,
1950). The Norwegian names "heat-tang" (horse-
tang) and "grise-tang" (pig-tang) suggest its
early use as fodder.

5.1 Equipment and method of harvesting

No mechanical harvesting equipment has been
invented as yet and Ascophyllum is still reaped
by hand-cutting. Harvesting and transport are
sometimes rationalized by various methods, for
instance, by clearing a cart track on the shore.
In another method., cut areas are enclosed by a
net at low water, the ci.it weed is allowed to
float at high water, and -the net is then tied
around the algal mass for further transport.
The usual way of drying, by spreading the ma-
terial on rocks, is somewhat ris1y because rain
may spoil it. Hanging is recommended unless the
factories receive the material in a fresh con-
dition. In recent years, Norwegian factories
have been receiving more than 80% of -their -total
intake in the fresh s-tate.

5.2 Harvestin seasons

Although the commercial harveøting of
Ascophylluin seems to be governed by many con-
siderat ions other than biological ones, it should
nevertheless be pointed out -that a harvest in late
summer probably gives more dry weight per acre and
hence a better exploitation of the shore than a
harvest at any other -time of -the year, The pro-
perties of the industrial raw material, are con-
sidered in sections 7 and 8.

For manure, Ascophyllum is usually harvested
by farmers in the spring. For meal production,
the summer appears to be the best harvest season,
although the modern seaweed industry tends to be
based upon year-round production.

5.3 Harvesting areas and depths

A.scophyllum is at present harvested. in Canada,
the British Isles, France, Iceland. and Norway.
These are all countries with clearly perceptible
tides and the harvest takes place in the inter-
tidal zone, especially in the lower half of it.

5.4 ßgrowth on harvested areas

It is a common experience amongst cutters of
Ascophyllum that a harvest obtained by scraping
the rocks ruins the beds for many years. Fucus
vesiculosus occupies the scraped areas at once and.
Ascophylluxn has great difficulty in coming back.

The same is seen when a new sub-stratum, for
instance a concreto block, is laid down in the
intertidal zone. Upon two recently built break-
waters in Norway, F. vesiculosus and F. serratus
appeared first, and established. -themselves as
distinct zones, before a few scattered Ascopbylluni
germlings arrived several years later. .An Asco-

llum zone had not established there, even after
¡ years. Similar observations were made by Knight
and Parke (1950). Breakwaters 30 years old did,
however, have such a zone.

If the cutting leaves stumps behind, -then
these will sprout after some time and lead to re-
growth (Fig. 8) . A widespread opinion amongst
cutters is that it takes 3-6 years before the
vegetation is re-established and can be cut again.

In a large-scale enperimexrt (Bjj!ryvaer,
Norway at 64°N), in which 809 n2 of the Ascophyllum
bede were out, 4925 kg fresh weight was the initial
harvest. After 3 years of undisturbed gro-rh, the
area was cut again, giving only 2705 kg or 55% of
the original amount, In other experiments, however,
3 years of regrowth were sufficient to restore the
original weight of llum or even surpass it,
The failure to get consistent results from such
experiments must be due to different product ivty
and. regenerative powers of the beds -themselves and
the impossibility of leaving behind the sane amount
of growing material in every one of the experiments,
Generally speaking, however, our experiments showed
that. it is perfectly possible to restore the origi-
nal weight after 46 years. Some rather pessimistic
views about regrowth after commercial harvesting
have been expressed (Printz, 1959a and de Virville,
1953), but they aro not shared by the present writer,
In fact, the regenerative power of well-developed,
harvestable beds of Ascophyllum is good, provided
the harvesters leave behind a sufficient amount of
growing material. This is obviously a.n important
point, but the present writer has been unable to
find the exact relation between the amount of the
remnant parts and the subsequent regrowth. Stumps
10-20 cm high are frequently recómmended although
it seems more important to let actively growing
shoots remain,

5.5 To-tal annual yields

Reliable statistics for the annual world. har-
vest of Ascophyllum do not exist (Woodwarci, 1966).
Considering, however, that the annual production
of seaweed meal - approximately 50 000 tons (Jensen,
Nebb and Saetar, 1968) is based, mainly upon
Ascophyllum, and that this species is also har-
vested for alginate and manure, one will have to
assume an annual harvest of a f éw hundred thousand
tons, fresh weight. Chapman (1950) has published
a -thorough review of the history of the kelp in-
dustry with some examples of quantities harvested
and prices obtained. Thus 400 000 tons of wet
weed were harvested annually in the Hebrides alone
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at the beginning of the 19th century. Most of
this ctua.ntity probably consisted of Ascophyllum.

At present, about 55 000 -tons of wet Asco-
phyllum are harvested in Norway annually for the
seaweed meal industry.

It must be emphasized that not all Ascophyllum
beds are available for commercial harvest. Some are
too far away for economic transport to the factories
and some beds are too thin for profitable harvest.
Furthermore, large areas with perfectly harvestable
Ascophlluni are still without a seaweed industry.
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6. PROTECTION A1D M1AE!INT

6.1 Official regulations

In order to promote conservation of the beds,
harvesting regulations for Ascophyllum were drawn

up by the Department of Lands and. Forests of
Nova Scotia (MacFar].ane, 1964), The present
writer is not aware of any other countries
having taken official steps to control the
harvesting of Ascophyllusn.
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7. C}tEIICLL COMPOSITION

Ascophyiluin has been extensively analysed
and, studied chemically, not only because it
serves as raw material for an industry, but also
because the plant itself has a considerable basic
interest, No attempt will be made here to give a
complete review of all recent advances, but the
available information about the main or best knom
constituents, together with their variations with
season, locality and age, will be briefly summa-
rized.. Additional references are given by Hoppe
in LevringHoppeSchmid, 1969. The function of
the several organic arid inorganic components in
the plant is really very little understood. and
the problem of their localization has barely been
touched. The seasonal variation in some consti-
tuents is given in Fig. 9 (see also Black, 1948).

o
o

-.:z o

7.1 Water content

The water/dry matter content of Ascopbyllum
has been determined a number of times. The
Norwegian seaweed meal industry operates with
a conversion factor fresh seaweed/seaweed meal
of 3.0 - 3.4. As the finished meal always con-
tains some moisture (Table Ix), this conversion
factor would correspond to about 25-29% dxy
matter of the fresh Ascophyllun weight. It is
now quite clear that the dry matter content
varies with locality arid season in addition to
the unavoidable individual variation (Brd.seth,
1970a; Baardseth and 11aug, 1953). During low
tide, it also varies with duration of air ex-
posure and weather conditions.
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In two series of monthly samples of 10 plants
from two contrasting habitats, it was found that 3
Seasons could be recognized, a summer, a winter and.
a ripe fruiting season (Baardseth, 1970a). The
percentage of dry matter varied as follows:

The sampling error of all these figures is ± 2%.

Larsen and 11aug (1958) found 29.8-31.5% dry
matter in open sea localities (summer), dropping
down to 24.7% in a locality of low salinity.
Munda (1964) transported plants from high to low
salinity waters and vice versa. The transported
plants adjusted their dry matter content to that
of the neighbouring plants within two hours. It
thus seems that the dry matter content increases
with increasing salinity, and. that the plant is
able to regulate its water content with salinity
changes.

Receptacles isolated from the mother plant
had 15-18% dry matter in a low-salinity locality
and. 19-21% in a high salinity locality during
winter. In the ripe period these percentages
dropped to io-ii% and 13-14%, respectively, for
the two localities (Baardseth, 1970a).

7.2 Inorganic constituents

- Ash content

The mineral content of Ascophyllum as mea-
cured by percent ash of dry matter, has been
determined a number of times (Vinogradov, 1953).
Discrepancies between the results reported by
different authors may in par-t be due to differ-
ences in methodolor, but there are also seasonal,
ecological and individual variations.

TABLE VI

In one series of 137 Ascophyllum plants
(collected 10 September, from Leazigen,
Trondheimsfjord), the ash content as determined
by heatin« at 500°C overnight, varied between
18 and 27% of dry matter (Baardseth, 1970a). It
therefore appears desirable to take this type of
variation in-to account. The values obtained from
this sample were normally distributed. This made
it possible to employ the method of analysis of
variance to a study of the seasonal variation.

Samples of Ascophyllum collected on the same
date showed only small differences from locality
to locality, in spite of considerable differences
in the salinity of the water (Larsen and. Hang,
1958). It seems that plante of the same season
maintain a fairly constant relation -between salt
and organic matter, irrespective of the salinity
of the water.

The ratio of salts to organic matter differs,
however, from season to season. Table VI gives
the mean percentage of ash from vegetative parts,
receptacles and whole plant at various seasons and.
from -two contrasting localities. These percentages
are based. upon a large number of plants. Vegetative
parts of the plants consistently show a lower ash
content during summer than during the rest of the
year. The receptacles have significantly more ash
than the vegetative parts and the ash-content rises
abruptly during the ripening process. The rise was
considerably higher for one locality than for the
other, but otherwise the ash content was practically
the same for the two localities.

The ash content of two series of seaweed meals
(Jensen, 1966a) showed. low values in summer and
high ones in winter. They are somewhat higher than
those mentioned. above.

- Major mineral components

The composition of the ash has been determined
(see, for example, Vinograd.ov, 1953), but the pub-.
lished results differ considerably. If Vinogradov's
average percentages of the most important ash com-
ponents are compared with the composition of sea
water (Table vii), a marked degree of selectivity
is apparent. Obviously, the plant accumulates at
least K and SO4 and rejects Cl.

Seasonal ash content from vegetative parts, receptacles and whole plant
cl' Ascophyllum. From Leangen and Byneset, Trondheimsfjord, Norway

Vegetative parts
Receptacles

Whole plant

ash of dry matter
Summer season Winter season Fruiting season

Leanen B eset LeangeniByneset Leangen By-neset

19.1 19.5

22,4 22.6 22.9 21.3
25,2 25.5 34.5 29,2

23.2 23.1 26.8 23.0

7:2 FIR}1/538 Rev. 1 Knobbed raek
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TABLE VII

Proportion of major ions in sea water and. in ash of
Ascophyllum, recalculated from Vinogradov (1953)

Trace elements

In addition to these chief minerals, a con-
siderable number of trace elements has been found..
Table VIII gives the content of trace elements and
its seasonal variation (Black and. Mitchell, 1952).
Some of the3e trace elements have probably passed
passively into the plant from the sea water, but

TABLE VIII

Content of trace elements in Asco' liwn,
(From Black and Mitchell, 1952

7:3

the high content of others may indicate selectivity.
Also, a large number of other trace elements has
been found. in Ascohyllum (Vi.nog'radov, 1953).

The mineral content in Ascophyliwn meal is
given in Table IX, and is taken from Jensen, Nebb
and Saeter (1968).

Component
mg/kg dry matter in samples

Winter Summer Spring

Co 0.41 0.73 0.73

Ni 1.5 3.7 4,4

Mo 0.69 0.89 0,29

Fe 168 1150 283

Pb 6 4 4

Sn 1.0 1.1 0.7

Zn 103 116 60

V 1.9 2,8 1.5

Ti 9 28 26

Cr 0.7 1.9 1.0

Ag 0.3 0.1 0.2

Rb 80

Li 4

Sr 2600 570 >700

Ba 50 18 13

Mn 50 36 27

Cu 4 12 4

Component
of

total salt
in sea water

Proportion of
ions in ash

of Asco h llum

Na 29.9 19.6

Mg 3.6 5,7

Ca 1.2 7,5

K 1.1 13.3

Cl 53,8 16.8

504 7,5 37.1

Total 97.1 100.0



Component

No is tur e

Ash

Alginic acid

Mann it 01

Laminaran

s

K

Cl

Na

Mg

Ca

P

B

Co

Fe

Mn

I
Zn

Mo

Halogens

The chloride content is given in Tables VII
and IX.

The iodine content has been determined a
number of times, with results ranging from 0.062
to 0.1984% of the dry matter (Vinogradov, 1953)
or from 0.056 to 0.7934% of total asK. In one
series (Jensen, 1960) it varied between approxi-
mately 0.06 and 0.12 percent of dry matter, the
highest value occurring in spring. Similar re-
suits were obtained for two series of seaweed
meals (Jensen, 1966a),

Bromine is present in approximately the
same amounts as iodine (Vinogradov, 1953).

Nitrate

In one investigation (Larsen and Jensen,
(1957), about 0.02-0.04 gN from nitrates was
found in 100 g of dry matter from Ascophyllurn,
without any traceable seasonal variation.

Content

*) SFU Scandinavian feed units

TABLE IX

Averae composition of Norwegian seaweed meal
(from Jensen7 Nebb and Saetar, 1968)

Component

7,3 Organic constituents

The main organic substances of Aecophyilum
are fairly well miown through numerous analyses
in many countries. The most important ones by
weight are alginate, mannitol, laminaran, fucoidan,
fats, proteins, fibres and. phenols, Other organic
substances investigated are pigments, vitamins,
hormones and enzymes,

7.31 Carbohydrates

The chemical structure and physico-ohemical
properties of alginates have been extensively
studied, and reference is made to monographs by
Haug (1964) and Percival and McDowell (1967) for
details. Haug includes a detailed account of the
composition and properties of alginate from
Ascophyiluin, together with an evaluation of this
speoies as raw material for the alginate industry.
The principal point that must be emphasized here
is that alginate from Ascophyllwn is not neces-
sarily identical with alginates from other brown
algae. The reason for this stems from the discovery

Content

12-15 %

17-20

20-26 %

5-8 %

2-5 %

Crude fibre

Crude protein
Ether extract
Fucoidan
N-free extractives

8%
5-10 %

2-4 %

10 %

45-60

2.5-3.5 % Caloric value 0.56 sFU/kg*)

2-3 % Ascorbic acid. 500-2000 mg/kg

3.1-4.4 Carot ene 30-60 mg/kg

3-4 Biotin 0.1-0.4 mg/kg

0.5-09 % Folio acid 0.1-0.5 mg/kg

l-3 Folinic acid 0.1-0.5 mg/kg

0.1-0.15 % Niaoin 10-30 mg/kg

40-1 00 mg/kg Riboflavin 5-10 mg/kg

1-10 mg/kg Tocopherols 150-300 mg/kg

150-1000 mg/kg Vit 0.004 mg/kg

10-50 mg/kg Vit. K 10 mg/kg

700-1 200 mg/kg V 1.5- 3 mg/kg

50-200 mg/kg Ni 2- 5 mg/kg

0.3- 1 mg/kg Ba 15-50 mg/kg
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by Fischer and. Drfel (1955) that alginic acid
is a binary copolymer, composed of residues of
both D-rnannuronic (M) and L-guluronic (G) acids.
Thus alginates may differ, both in the ratio of
these two acids (H/C) and in the way iii which
they are arranged along the polymer chaina (M-,
a-sequence). Differences in M-, G-sequence were
found. to give rime to marked. differences in solu-
bility properties (Haug et al., 1967), and dif-
ferences in the M/G-ratio caused. differences in
selectivity towards alkaline earth metals (Haug
and Smidsrfd, 1967). Ascophylluin has played a
prominent part in these investigations. Analyses
of different types of tissue in Ascophyllurn have
shown differences in the M/G-ratio, in the M-G-
sequence and. possibly also in the viccosity and
ionic composition of their alginates. One ex-
ample is given in Haug, Larson and. Baardseth, 1969.

The alginato in the native intercellular sub-
stance of the receptacle medulla in Ascopl-iyllum is
water-soluble arid linked to the cations Na, K, Ca,
and Mg. It is remarkable in that it appears to be
composed. almost entirely of maimuronic acid. resi-
dues. On the other hand, the alginate of the cell
walls of the receptacle medulla is water-insoluble
and contains only 64% of mannuronic acid.

Sodium alginate precipitated frein solution
by certain electrolytes produces at times capil-
laries in the resulting gel. The appearance of
these capillaries varies from unbranched, club-
shaped. ones when the aliriate is taken from young
tissue (Baard.soth, 1966) to profusely branched
fascicles in alginate from old. tissue. The reason
for these differences is still obscure.

Simultaneously with the division of oogonia
arid spermatangia into ripe eggs and sperms, there
is a gradual change in the intercellular substance
of the receptacle. The alginate, which is ini-
tially of high viscosity, gradually undergoes
degradation, and. eventually it disappears com-
pletely. At the saine time there is an increase
in the amount of inorganic salt in the solution
(Baardseth, 1969). The mechanism of the degra-
dation of the alginate inside the receptacles is
not yet known.

The various methods available for the quanti-
tative determination of the alginic acid content
of brown algae are discussed by Haug (1964). The
most reliable figure for Ascophyllwn appears to be
22-30 g alginic acid per 100 g of dry matter, which
is similar to, or perhaps a little more than the
figures for Fucus species, but less than those for
species of Laminaria. Comparisons between species
are a little difficult, however, because of mea--

sonal, individual and age variations. In Asco-
ph,ylluni, the percentage of alginic acid in the dry
matter certainly also differs from tissue to tissue
and from part to part, the maximum being located in
the receptacles and the minimum in the stipe.

There is no marked seasonal variation in the
percentage of alginic acid in Ascoplyllurn (Raug,
1964), indicating that, once eynthesized, alginic
acid seems to be a permanent part of the vegetative
tissue. However, seasonal changes certainly take
place in the algiria-te from the receptacles, and.
long-term changes in the alginate part of the vege-
tative tissue are not out of question.

Alginates aro commonly considered as wall
substances or at least metabolized. wall substances
(Hoffman and Andersen, 1955; Kylin, 1915). There
can be little doubt, however, that they occur in
the intercellular spaces as well (Baard.seth, 1966).

Sulphat ed polysaccharides

Ascophylluin ham played.
the study of the sulphated.,
drates of the Phaeophyceae.
and described as "fucoidin"
materials proved. to be more
first believed.

If the whole plant of Ascophyllum is pro-
extracted. wìth dilute acid., and then extracted
with aqueous sodium carbonate or sodium hydroxide,
the extract, after precipitation of alginate by
acidification, contains at least four electropho-
retically distinct polysaccharides (Larsen, Haug
and. Painter, i966a). The slowest moving of these
has been described as an acid-soluble form of
alginic acid. (Myklestad and. 11aug, 1966). The
next slowest is described as ascophyllan (Larsen
and Hang, 1963), and is a fairly well-defined. sub--

stance containing 22.6% fucose, 22.8% rlose, 22.7%
sod.iumglucuronate, 12.9% half-ester sulphate (i.e.
SONa), and. 11.8% protein (Larsen, Hang arid. Painter,
196Gb). About 6% of the dry matter of Ascopliylluni
was estimated. to be asciophyllari. The two fast-
moving fractions (each representing about 1.5% of
the dry weight) contained the saine building units
as ascopbyllan, but differed from it in quant ita-
tive composition.

Recent investigations (B. Larsen, personal
communication) indicate that different structural
parts of the plant may differ in the relative con-
tents of these polysacoharid.es. Usually, they
occur in association with the algiriate, but they
may also occur isolated. from this substance, for
instance, in receptacle oxalatos.

Percival (1967) also isolated. a sulphated
polysaccharide from Ascophylluni after removal of
laminaran, fucoiclan arid. alginic acid. It resembled
ascophyllan in containing fucose, zylose, glucuronic
acid., sulphate and. protein, but differed. from it in
structure, and the idea of considerable structural
variation in material of this type was favoured by
the author.

a prominent part in
acid-soluble carboliy-
Originally isolated.

(Kylin, 1915), these
complex than was at
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A substance containing fucose, galactose and
ester sulphate was isolated from Ascophylluin recep-.
tacles by Dillon, Kristensen and. O'h Eocha (1953).
A liquid squeezed out of the saine structures con-
tairied, however, also 75-80% of alginate (Baardseth,
1966).

Laminaran

The study of laminaran has mainly been res-
triot ed. to the Laminariaceae (Percival and McDowell,
1967). It occurs in Asoophyllusi in rather small
quantities, 2-5% of the dry matter, with a minimum
in spring. It is assumed. to be a food. reserve,
like starch in other plan-ta. lin (1915) reports
that it occurs as the cold-water soluble form in
Asoophylluin. It is not yet clear to what extent
the laminaran in Aacophyllurn resembles that from
the Laminariaceae.

- Manñitol

The quantity of mannitol in Asco. litan is
from 5 to 8 percent in commercial meal Jensen,
Nebb and. Saeter, 1968). It is at a minimum during
winter and reaches a maximum during sunnier, al-
though the seasonal variation is not so pronounced.
as in species of Laminaria, Similar results are
reached. by Cara's (1969) who aleo reports on the
industrial extraction of this substance from
Ascophylluin.

- Other Carbohyd.rat es

Small amounts of glucose (0.1-0.2% of dry
matter) are reported by Kylin (1915 and 1944).
He considers it to be the first assimilation
product, which is then quickly converted into
laminaran.

Cellulose is present in small quantities as
a wall constituent. To percent of sellulose has
been reported. in the dry matter (Percival and
NcDowell, 1967). In commercial Ascop}ìyllum meal,
less than 8% of' crude fibres is reported (Jensen,
Nebb and Saeter, 1968).

The insoluble residue of Aaoopliyllum after
several extraction procedures was found to be
1.85% of the original dry weight (Young, 1966).
It was thought to be composed of cellulose,
chit im, aM a substance which could. be callose.

A large number of component sugars has been
found in the total carbohydrate of Ascophylluin:
galactose, glucose, macnose, fructose, arabinose,
fucose and zylose (Jensen, 1956).

The seasonal variation in L-fucose has been
studied. by Black (1954).

7,32 Protein and amino acids

The content of crude protein in Ascophyllum
meal is 5-10% (Table IX). There does not seem to
be any conspicuous or definite variation in pro-
tein content with the salinity of the habitat
(Larson and Haug, 1958). A maximum in April-May
is evident from Fig. 9.

The amino-acid composition of the to-tal pro--

tein has been determined (coulson, 1953 and 1955;
Smith and Young, 1955). Coulson (1955) gives the
following figures for amino acid composition of
proteins isolated. from (expressed as
g of amino acid nitrogen/100 g of protein nitrogen):
aspar-tic acid 8.7, glu-tamic acid 5.3, serine 3.3,
threonine 2.7, glycine 5.7, alanine 5.0, valine +
methionine 14.0, leucine + isoleucine 8.7, tyrosine
0.5, ax'ginine 11.8, histidine 0.0, lysine 4.1 (total
59.8). Phenylanaline, proline, tryptophan, and
cyst ine were found. but not estimated.,

Some amino acida probably occur in the plant
in the free state (Larsen and Jensen, 1957).

7.33 Pat

Fat vacuoles are easily demonstrated in the
medullary oeils of' Ascophylium (Kylin, 1912). The
content of ether-extractable substances is 2-4% of
dry matter (Jensen, Nebb and Saeter, 1968). Fuco-
stero]. was identified by Heilbron (see Lewin, 1962)
and a paraffin, probably hentriacontane, was also
found in this fraction (Carter, Heiibron and.
Iythgoe, 1939).

7,34 Pigments

The content and nature of the pigments in
Ascophyllum, as well as their variations with
season, and. changes dite to storage and production
of seaweed meal are well known, particularly through
the recent work of Jensen (1966a), who has also re-
viewed. the literature.

In one series, the oontent of the four major
pigments varied approximately as follows:

The carotenoids had. a maximum in May, coin-
ciding with and probably caused by the ripening
of gametes. According to a later investigation
by Jensen (personal communication), the sperma of
-this period contained. enormous quantities of ..
carotene (2.4% of dry matter) in contrast -to -the

mR,/kI dry matter
Chlorophyll a 600-1000
Carotene 40-100
Violaxanthin 60-130
Fucoxanthi,n 170-270
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eggs with only 0.009%. In addition to oarotene,
the main pigments of ripe eggs were chlorophyll
and c, violaxanthin, fucoxanthin and traces of an
unidentified red pigment (see also Carter et al.,

1948).

The average content of carotene in commercial
seaweed meal (from Ascophyllum) was found to be
about 50 rn/kg of d.ry matter. Neals stored at
4-10°C and with a moisture content of 15% still
contained considerable quantities of carotene

(15.9-18.8 rng,/kg) even after months of storage.
However, at higher storage temperatures, the loss
in carotene content increased,

Experiments on the storage of fresh material
both in air and, in sea water have also been done
(Jensen, 1966a).

7.35 Other Constituents

Phenols

The presence of phenols in brown algae flac
been known for a long t ime. They are located in
a certain type of vacuoles, called physodes, and
their presence was readily demonstrated by the
colour produced, with vanillin-.HC1 (arato, 1893).
Hang and Larsen (1958) demonstrated that the re-
ducing power of dilute acid extracts from fresh
or dried llum varied with the salinity of
the water, Plants from waters of low salinity
yielded extrae be with a low reducing power.
This fact permitted some correlations to be
established. It was found. that the reducing
power was positively correlated with:

(a) The colour obtained with vanillinsulphuric
acid and with diazotized sulfanilic acid.

b) The colour intensity of alkaline extracts,

) Organic matter which could be removed by
hide powder, and. which could therefore be
classified as "tannins", By this methód,
approximately 9 g of reducing compounds per
100 g of dry matter was found in -the samples
with the highest reducing power.

(d) The total volume of the pbysodes (Baa.rdseth,

1958e). This volume varied between 3 and
10% of the total plant volume (in a fixed
condition) according -to the salinity cf the
water,

The amount of phenols in Aseophyllum is
therefore quite considerable. Recent obaerva
tions show, however, that the quantities vary
from one part of the plant to another (see sec'
tion 1.32).

Vitamins

A large number of vitamins has been studied
in 2lum (Ericeon, 1953; Jensen, 1964 and
i966a, b; Karlstr4m, 1963; Larsen, 1958 and

1961; Larsen and Haug, 1958). The quantities
to be expected, in a Norwegian Ascophyliwn meal
are given in Table IX,

The niacin and biot in contents are at a
maximum in spring, and, ascorbic acid in summer,

There is no ices of niacin during storage of the
meal, The ascorbic acid content is gradually re-
duced, but the loss is dependent upon the moisture
content and the storage temperature (Jensen, 1964).
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8. UTILIZATION

8.1 Food. for human consumption

The eskimos of Western Greenland are reported.
to use young shoots of Ascophylluxn as a dietary
supplement (E.A. Saeter, personal communication).
There is furthermore evidence that Icelanders have
eaten Ascopliyllum, but only in times of starvation
(Hallason, 1964). Several attempts have been made
to introduce Asoophylluxn meal into bread, not be-
cause of its calorific value, which is low, but
because of its content of vitamins and trace ele-
ments (see sections 7.2 and. 7.35), So far, these
attempts have met with little success, although
the tenacity with which Ascopbylluni meal remains
on the animal-fodder market ought to encourage
investigations of its value in the human diet too.

8.2 Animal fodder

There have been numerous reports of sheep and.
cattle wandering d.om to the seashore and. eating
algae voluntarily. This has happened even in pe-
riods when grass is plentiful. Ascophyllum does
not, however, seem to be their favourite amongst
the various species. In one report (from the
Orkneys), it is definitely said that sheep do
not eat fresh Ascophrllum, in another (from
Greenland) that they do (E.A. Saeter, personal
cornnturlica-cion). There can be no doubt, however,
that they prefer such species as Rhodymenia,
Laminaria and Alaria.

It is probable that Ascophyllum was given to
domestic animals in former times, especially in
periods when hay was scarce. It was, however,
found necessary to steep it in hot water in order
to remove laxative substances before it was given
to the animals. The result was a rather inferior
type of fodder.

The greater part of all llum harvested
today is used in the production of seaweed meal.
The industry started. in Europe at the beginning of
this century, but it was not until the late thir-
ties that the industry reached. its present degree
of stability. From a moderate start, the annual
output has gradually increased., In 1958, von
Jaken (1958) estimated. the annual production to be:

Norway 10 000 tons
France 6-8 000 tons
U.K. 4-5 000 tons
U.S.A. 1-2 000 tons

Norway, France and. the United Kingdom employed.
mainly as raw material, the U.S.A.,
Macrocystis. Today, approximately 50 000 tons
per year are being produced. and. in addition -to
the countries already mentioned., Canada, Ireland,
South Africa and. Iceland. have also started. pro-
duction of seaweed. meal (Hallsson, 1964; Jensen,
Nebb and. Saetar, 1968).

It is q-cite clear that the success and stai-
bility of this industry depend first and foremost
upon the real effects produced by the seaweed. meal
under varying conditions and. the confidence that
animal breeders have in it. Therefore, the im-
portance of scientific, unprejudiced feeding ex-
periments cannot be overrated.. A large number of
such experiments has been done recently. A corn-.
plete review or discussion of all these (see for
instance Hie and Sandvik, 1956; Hie and. Sannen,
1960; Jensen, Nebb and Saetar, 1968; Nebb and.
Jensen, 1966), cannot be given here but the main
results might be summarized. as follows:

Ascophyllum meal rmzst be considered. as a
supplementary feed and not as an energy
source, The content of digestible carbo-
hydrates, fat and. protein is low and. the
meal will not, in this respect, be able to
compete economically with other foodstuffs
on the market, Five percent cf Ascophrl1
meal in the total diet is frequently recom-
mend.ed, When an amount of io% or more is
used., the reduction in caloric value is be-
ing felt. The laxative effect of seaweed.
and seaweed meal is frequently referred. to.
In an actual tolerance experiment, however,
Jensen (1958) found no such effect upon
sheep even if a ration of 300 g per day per
animal was administered, Fifteen percent
of Ascouhylluin meal in the diet of hens pro-
duced a mild. laxative effect, 'out 5-7% had
no such effect, either upon chickens or upon
laying hens (Hie and Sannan, 1960).

If there is a vitamin deficiency in the
ordinary diet, lum meal may rectify
this (see section 7.35). 0f special im.-
portance in this type of seaweed meal are
-.carotene, tocopherol and. some 3-vitamins.

-
-

-

Modern agriculture is faced with the problem
of replacing minerals and trace elements
which are constantly being taken away from
the farms with the sale of their products.
The use of inorganic salts in both ferti-
lizers and feeding-stuffs is cheap, 'out
complicated, and has sometimes led to disas-
trous results due to overdosage (Booth, 1964).
Ascophyllusn meal in ca 5% concentration is at
least a harmless source of minerals and trace
elements. It is not well balanced, however,
as the percentage ci' some elements (e.g. I
and Sr) is above, and that ci' others (e.g.
Ca, P, Mg, Cu) is below the normal require-
ments. An Ascophyllum meal fortified with
Ca, P, Mg and Cu proved superior to the
commercial mineral mixtures for milk pro-
duct ion in an experiment with twin cous
(Jensen, Nebb and. Saeter, 1968).
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8.3

The use of 11un and, other seaweed as
manure was common in coastal districts in former
times. It is still cut for this purpose in
Ireland, Scotland, France, England and Iceland.
It is either put directly on the soil or is first
allowed to decompose in heaps. Recently, a liquid
fertiliser made by digesting with hot
apaeous sodura carbonate under pressure has been
put on the market (Booths 1966; Milton, 1964).

A large number of experiments have been
carried out in order to determine the manurial
value of seaweeds, The literature is reviewed
by Chapman (1950) and Booth (1964, 1966). Dee-
cript ions of actual experiments are given by
Challen and Hemingay (1966), Stephenson (1966),
and Myklestad. (1964). The results are somewhat
controversial, but on the whole there seems to

suiphated polysaocharides. Moreover, oxidation.
of the phexls present in seaweed can be expected
to yield acidic polymers related to the humio
acids. A renorted effect of seaweed exti'acts on
fungal diseases and insect pests is interesting
(Stephenson, i966), AJ.so, increase in seed germi-
nation and increase in the uptakè of nutrients are
reported by use of seaweed manure (Booth, 1966).

84 Industrial roduo'ts

Aecophyllum was once considered to be in-
ferior as a raw material for the production of
alginate because the final product tended to be
discoloured and of low viscosity. These disad.-
vantages are due to the presence of phenolic
compounds (Hang, 1964) which are responsible for
oxidative degradation of the alginate during the
extraction process and. f'or the simultaneous for-
mation of brown polymeric material. This is now
avoided by pretreatment of the raw material with
formal in and. by the careful control of pH during
extraction. With these precautions, Asoophyllum
is not an inferior raw material although most
factories still seem to prefer Laminaria diita'ta
if there is the possibility of choice between
these two algae. Both an English and. a Canadian
firm utilize Aecoph,yllum in their alginate pro-
duct ion.

species as raw material. Because alginates serve
very different purposes in the industry, one may
foresee a development towards greater care in
choosing the right type of alginate for the pur-
pose in question. It may well be that for certain
purposes alginate from certain species of algae
are required and that Ascophyllum alginate will
be more suitable in some cases.

be areement that seaweeds may be valuable as a
source of trace elements and. may function as a
soil conditioner. It is not unreasonable to ex-
pect a soil conditioning effect, in view of the
high ionexchange capacity of the alginate and

Commercial alginates differ in their content
of impurities, in viscosity, uronic acid compo-
sition, selectivity towards ions etc. (Hang. 1964).
This is partly due to the use of a variety of
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