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The nutrilional valves presented in the above tables were sourced from scientific litera-
lure and arecent PESCA/BIM funded study of the nutritional valves of some Irish sea-
vegetables carried out by Dept, of Botany, NUI Galway.
For more seaweed information visit the seaweed site at www.seaweed.ie
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N T R . D U C T I . N ؛

!٢e!and, with an extens!ve C0ast!!ne of over 30هــــــــــــــــــه km, has a!ong h!story of seaweed use
that cont!nues up to the present day. Ev!dence ex؛sts that mahne p!ants have been gath-
ered for food in !re!and s!nce at !east the Midd!e Ages, wh!!e the use of seaweed as fer-
ti!iser and anima! fodder dates back at least several centuries. In particular, Ireland’s
Atlantic seaboard, consisting of exposed open coast interspersed with many rocky bays
and indentations, is ideal for the settlement of seaweeds and conseguently is particular-
ly rich in seaweed resources. On the West Coast seaweed is the basis for an industry
that provides valuable employment in coastal areas that are geographically remote or
otherwise severely disadvantaged economically.

Since the 18th century, when scientific investigations of Irish seaweed species began in
earnest, over 50٥ different species of seaweed from Irisii waters have been identified.
Given the small area of ttie island, this relatively higti number represents avery high
diversity of seaweed for lrelandًا France, with aconsiderably longer coastline and wider
range of climates has about 690 species. One reason for this diversity is latitude. Ireland
is located between 51 and 55° N, occupying arange of latitudes that straddle both the
northern limit for some warm-water species and the southern limit for some cold-water
species.

Only asmall fraction of Irish seaweeds has been put to any commercial use, notably a
dozen or so of the larger species which together account for ahigh percentage of the
overall seaweed biomass, the present guide provides ptiysical descriptions of these
commercially important seaweeds and their habitats, as well as information on ttieir cur-
rent uses and applications, which fall into the following main categories:

٠foods and food supplements (edible seaweeds are marketed as sea-vegetables)؛
٠fertilisers, liguid seaweed extracts and soil conditioners;
٠raw material for seaweed polymers (alginates); and,
٠cosmetics, body-care, thalassotherapy and medicinal preparations.

the list of commercially useful species is not static, and additional species will be added
as more research is carried out. likely areas of growtfi in seaweed use include biotecti-
nology, body-care products and functional foods.

large marine algae commonly known as seaweeds, are divided into three major ptiyla
or divisions which can convenientally be identified by colour as follows:

٠brown algae (Ptiaeophyta);
٠red algae (Rtiodophyta);
٠green algae (Chlorophyta).

Seaweeds are alarge and diverse group of organisms witti many different life-cycle
strategies, awide range of forms and occupy arange of habitats. For example, in size
alone brown seaweeds vary from afew centimetres in length to extremes of >60 metres
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in the Bull-kelp forests of California, South America and Australia, the largest seaweeds
in Ireland are more modest reaching 4-5 metres at most.

there are several excellent well-illustrated shore guides such as ‘Collins Guide ؛0؛he
Sea Shore’ (Collins, london), and ‘Irish Sea Shores’ published by Sherkin Island Marine
Station Co. Cork, both of which can be ordered from your local bookshop.

the three major divisions of large marine algae are listed below along with the most com-
monly used species from each. Adescription of each species named below follows in the
main body of the guide.

٠Brown a lgae

these are either olive-green in colour or any shade of brown from golden to dark brown.
In Ireland some 147 species of brown algae have been reported, of which the kelps and
wracks provide most of the biomass and most of the commercially utilised species.

Kelps (Lamlnarians)
A t a r i a e s c u l e n t a

laminaria hyperborea
laminaria digitata
l a m i n a r l a s a c c h a r i n a

Wracks (Fucoids)
F u c u s v e s i c u l o s u s

F u c u s s e r r a t u s

Ascophyllum nodosum
P e l v e t i a c a n a l l c u l a t a

o t h e r

Himanthalia elongata

٠Red a lgae

these show awide range of colours from red or bright pink to adark purplish-brown, to
almost black, they are often bleactied to alight brown or yellow in bright sunlight and
can be confused with brown algae. Some develop acalcareous covering and resemble
coral. Some 274 species of red algae are found in Ireland. At the moment the commer-
daily important species are:

Palmarla palmata
Porphyraspp.
Chondrus ctispus and Mastocarpus stellatus
Asparagopsis armata
VAaèủ (Phymatolithon calcareum, lithothamnion corallioldes)

٠Green algae
these are usually delicate plants with thin fronds of agrass-green colour. Some 80
species of green algae have been found in Ireland of which ttie following are those that
have commercial potential.

ttiva rigida
Enteromorpha intestinalis and E. compressa
Codium fragile

8



Guide 0؛ Commercial ly Important Seaweeds on the Ir ish Coast

THE BR.WN SEAWEEDS (ΡΗΑΕ.ΡΗΥΤΑ)
Brown seaweeds appear to be brown due to amasking p!gment known as fucoxanthin
that masks the green^coاoured chlorophyll p!gments respons!b!e for most of ttie photo-
synthes!s, and which makes plants look green, tike terrestrial plants, chlorophyll is pre-
sent in all seaweeds but is readily visible only in the greens. As cast brown seaweeds
decompose on the upper shore one can clearly see the green colour of chlorophyll
appearing through ttie fading brown surface pigments,

the dominant brown seaweeds of rocky seashores generally grow in distinct tiorizontal
bands, often called zones. Each species occupies acharacteristic level on the shore in

٠- response to environmental conditions, the major factor probably being the time that the
plants are out of water. Species intolerant of air exposure, sucti as the kelps, dominate
the lower shore, whilst browns such as ctiannelled Wrack (Pelvetia canaliculata) can
only live In the high intertidal shore and seem to need to be exposed for most of atidal
cycle.

Factors that appear to determine the type and abundance of seaweeds on ashore are
intensity of wave action, tidal range, water turbidity, scour, type of substratum, and the
slope and aspect of ttie substratum. Competition from other species and the extent of
grazing activities from herbivores* are also important in determining the extent of zones
and the presence or absence of particular species.

The extent and depth of the various seaweed zones in the subtidal area are determined
by factors such as light penetration and grazing. In turbid waters (such as are found in
estuaries and on the East Coast of Ireland) seaweeds rarely extend to 1٥-15 mbelow
the low-water mark, but in clear waters such is found off the West Coast they reach
depths in excess of 40 m.

Included in ttie brown seaweeds are ttie large kelps and wracks, which togettier account
for avery high proportion of overall seaweed biomass. The Seaweed Biomass Survey
carried out by the Irish Seaweed Industry Organisation in 1997 conservatively estimated
that at least 2million tonnes of laminarans (Kelps) were present along the western
seaboard (Hession ef a/. 1997). Any future attempts to exploit this resource must take
into account the associated marine communit ies and ensure that i t is not destabi l ised
through indiscriminate harvesting. The same survey estimated the total biomass of
Ascophyllum nodosum along the West Coast to be nearly 300,ooo tonnes, with poten-
tial for an annual sustainable harvest of 75,000 tonnes, more tt ian double the current
annual harvest of 35,000 tonnes. Hence, adoubling of the existing tiarvest could be
accommodated without interfering witti ttie sustainability of the resource.

The Irish seaweed industry is almost unigue in its sustainable exploitation of Ireland's
natural resources. The use of sustainable harvesting practices that use acutting
freguency of 3-4 years to allow the target species such as Ascophyllum nodosum to
regenerate has ensured this. For aresource ttiat has been exploited for many centuries
and especially intensively in the last century, Ireland’s seaweed resources could
accurately be described as well maintained with considerable potential for further
sustainable development. *(mostly limpets, periwinkles and sea urchins)

9
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Fig. 1Typical vertical zcnation of brown seaweed on asemi-exposed rocky shore in Ireland.
The kite diagram shows the abundance of different species at vertical Intervals. The wider the
band, the greater the abundance of aparticular species at that shore level. (Jim Morrissey)
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Fig. 2Typical vertical zonation of brown seaweed on awave-exposed rocky shore in Ireland.
(Jim Morrissey)
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dا a ทا t e r t ا
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S u b t i d a !

Flg. 3The vert!ca! zonai!oti of brown seaweed at avery shehered grave! and sh!ng!e shore
!n lre!and. Ttie k!te d!agram stiows the abundance of different species at vertical intervals.
The wider the band, the greater the abundance of aparticular species at that shore level,

(dim Morrissey)
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A l a r i a e s c u l e n t a
C o m m o n n a m e s

English: Atlanto wakame, tangle, Dabberlocks, Wing kelp, Honeyware, Murlins.

Gaeilge: lair, Láracha.

D i s t r i b u t i o n

Alaria esculenta is acommon kelp of exposed rocky coasts in Europe and North
America. It has been recorded at exposed sites around Ireland except for some parts of
the East coast. It is found on the extreme lower stiore and below, on rocky substrata and
especially in gullies where it hangs from sheer or steeply sloping rock walls. On less
steep stiores it colonises flat rocky terraces of the lower intertidal shore where it appears
mixed in with other lower-shore species such as Laminaria digitata.

D e s c r i p t i o n
Alaria esculenta (Fig. 4) consists of along, thin, golden to greenish-brown undivided
frond rising from ashort stipe, the most obvious distinguishing feature is the highly
visible yellow midrib, wtiicti Is acontinuation of the rounded stipe. Often the edge of the
frond is torn in as far as the midrib, which may assist the plant In withstanding violent
wave action, the stipe is short with distinct fleshy, flat, round-ended reproductive
'leaflets' growing perpendicularly from the stipe in older plants, these are specially
produced reproductive structures called sporophylls and their protected position at the
base of the plant rather than at the tip (like many fucoids) is another likely adaptation of
the species to its exposed habitat, the claw-like tioldfast is small but extremely tena-
clous to withstand the pounding of surf. Alaria esculenta may reach over 4min lengtti
but is normally less than 2m.

Fig. 4Alaria esculenta growing on ropes in Co. Ga!way, note the d؛st؛ngu؛shlng ye!!ow midrib.

1 2
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Harvesting and commercial uses
Alaria is atasty, slightly sweetish, sea-vegetable commonly known as Atlantic Wakame.
In Japan the name Wakame applies to the kelp Undaria pinnatifida wtiich is very similar
in taste to /A. escutenfa. Processing of harvested plants involves rinsing (if needed),
drying and packing. Plants that are underwater at low tide are said to be best preserved
and of the highest guality. Alaria plants tiarvested from these areas are generally already
clean, needing no additional washing. Before sale they are hung across ropes or racks
indoors (or in acovered outside area) to air dry thoroughly before being cut into strips
and packaged. Special seaweed drier units based on the design of tobacco driers are
used by some Irish processors to improve the drying process.

Alaria esculenta is at its nutritional prime during mid-late Spring and the beginning of
Summer. Plants are in pristine physical condition at that time after which agradual dete-
rioration of the frond commences. By mid summer and at the onset of autumn, most
Alaria fronds have died back almost completely. Conseguently, late spring is the best
time to harvest and this is when fronds are at ttieir nutritional best.

Unlike the brown wracks. Alaria grows from the base of the frond and not ttie tip of the
plant. Generally only the young section of the blade is harvested and the old growth at
the tip is discarded. Sustainable harvesting technigues involve the cutting of the main
blade well above the fleshy sporophylls, leaving sufficient material to regenerate into new
plants, the removal of the complete plant from its rocky attactiment will delay the
process of re-growth for aperiod of years so it is important for any potential liarvesting
to be carried out in acareful and sustainable manner.

Currently, about 9tonnes of Wakame are produced annually on longlines in Britanny for
the existing limited European market. Alaria cultivation trials on longlines have taken
place at an exposed site off the Isle of Man with the plants successfully adhering to the
ropes. Recently, cultivation trials by NUI, Galway in Galway Bay have started to produce
hybrid strains of fast-growing, disease-resistant AZarfa esculenta (Fig. 4).

there are anumber of advantages in farming seaweed as opposed to harvesting from
anatural seaweed population, namely:

٠Harvesting cultivated seaweed from longlines is easier, more efficient and probably less dangerous
than harvesting from exposed, uneven, slippery rocky shores.

٠Seaweed aguaculture can offer 24 hour, all-weather access to the seaweed crop, which compares
favourably to the restricted access to natural seaweed beds, from weather and tide. It has been
shown in Asia that much greater yields per effort are possible from cultivating seaweeds than from
the hand picking of wild populations.

٠In Ireland the average age of hand harvesters of sea-vegetables (and other seaweed) is rising
steadily with little recruitment of younger people into this tough demanding work. In order for the
sea-vegetable industry to remain viable aguaranteed supply is necessary. For ayounger genera-
tion, seaweed aguaculture rather than hand harvesting is probably amore attractive method of
procuring seaweed.

٠Control over the whole life-cycle in seaweed cultivation should result in better guality sea-vegetable
products, i.e. less variation in age, size, and guality, all factors that facilitate the presentation of a
uniform high-guality seaweed product, through hybridisation seaweed aguaculture can produce
favourable hybrids that grow larger, exhibit guicker growth, are nutritionally superior, and more
disease resistant In comparison to wild stocks.

f 3
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Fig. 5Cultivation trials oi Alaria esculenta on longlines, Co. Clare.

Nutrit ional analysis
Optimum time of tiarvest is between Spring and early Summer, like all sea-vegetables
the vitamin and mineral content varies through the year. Vitamin ccontent is normally
highest in late spring, while higher vitamin Kvalues are found in early Summer. Alaria
has high levels of vitamin Β6, vitamin K, iodine and bromine. It also contains sugar,
starch, nitrogen, boron, radium, rubidium, cadmium, cobalt, nickel, and other trace ele-
m e n t s .

Table 1. Nutritional analysis
o t A l a r i a e s c u l e n t a .

P r o t e i n 9 - 2 ه ° / ه

F a t 1 - 2٠ ه/

Carbohydrates 4 6 - 5 1 . / .
V i t a m i n c ppm 1ه50-هــــــــــــــــــه
C a r o t e n e 4-5 ppm
R e t i n o l p p m ه. 0 . 8 - 7
V i t a m i n Β 2 0.3-1 ppm

5 p p mV i t a m i n Β 3

V i t a m i n Β 6 0.1 ppm
V i t a m i n Β 1 2 <5 ppb

11,670-12,900 ppmC a l c i u m

I o d i n e 165-275 ppm
I r o n 50-126 ppmppm =parts per m!!l!on

ppb =parts per billion
(billion =ًا thousand million)

Magnesium 8.960 ppm
Manganese <1-14 ppm
S o d i u m 4 . 6 . / .

1 4
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Laminar ia hyperborea
C o m m o n n a m e s

Due to the nature ot usage ٥t thïs ke١p there are separate names tor the strpe and trond
parts, as wei! as the comp١ete p١ant in man^ areas.

Eng.lsh: Forest ke!p, Cuv!e, May-weed (detached b!ades). Sea-rods or Rods (st!pes).

Gaeilge: Ceanna s!at, MUrach M U r a c h f O m h a ! r ( M a y - w e e d & A u t u m n - w e e d ,
Feama!nn bhui, Leathach dearg. Barrai ra!c, Sra!th bhui, s!at(a) mara, StUmpa (for st!pe
on!y).

D i s t r i b u t i o n

Laminaria hyperborea is present throughout the North Atlantic extending from Norway
south to Northern Portugal. Dense beds are present along alarge part of ttie North, West
and South Coasts of Ireland sometimes extending over akilometer from ttie shore. It Is
less common on the East Coast. Fhis kelp exclusively colonises rocky areas to adepth
determined by the level of light penetration, wtiich can be as mucti as 30 m. It becomes
increasingly scarce as one moves away from exposed coasts of full salinity seawater
t o w a r d s t h e m o u t h o f r i v e r s .

D e s c r i p t i o n
the word 'kelp' originally referred to the burnt ash of the brown seaweed and only sub-
seguently became applied to the seaweed itself. Fhis is alarge, erect, brown-gold kelp
(Fig. 6) that forms dense forests below the low water mark and can reach alength up to
3m. It has along stiff, rough-textured stalk or stipe that holds the frond erect, usually
covered with epiphytic red seaweeds growing on its surface, file stipe is round in cross-
section and can be snapped by hand when fresh. Well-developed stipes are about 1m
in length and 3-5 cm in diameter. Ttie top end of the stipe abruptly forms into abroad
rubbery, smootti frond with finger-like blades similar to the frond of¿, digitata (ρ.18). fhis
abrupt junction between tfie stiff, round in section stipe, and ttie frond is one of the iden-
tifying features that differentiates ¿٠ hyperborea from ¿٠ digitata.

During Spring old growth (ttie end or distal part of the frond) gradually withers and is usu-
ally separated by anarrow neck of frond from ttie bulge of new growth below. At this
stage the frond has adistinctive hourglass or figure of eight shape. Eventually the nar-
row band tears and the old frond is broken off allowing the new frond to establish.
Discarded old fronds known as Mayweed are cast up in drifts on the shore.

fhe blades are often torn and indented by the pounding action of waves, ftie stipe area
has mucus-producing pores. Many smaller, epiphytic red seaweeds such as Palmaria
palmata and Phycodrys rubens grow on the rough surface of the stipe. What gives the
plant stipe both its stiffness and flexibility is apolysaccharide known as alginle acid that
serves the same purpose in brown algae as cellulose does in terrestrial plants; very
little cellulose occurs in these kelps. On high-energy exposed coasts there is ahigfier
proportion of alginate present in the kelp than on more sheltered coasts. Fills extra
alginate serves to increase stiffness of the stipe to withstand the rigours of increased
wave action on exposed coasts.
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Laminaria hyperborea exposed during avery low spring tide

Harvesting and commercial uses
Reproduction of ٤. hyperborea occurs during the Winter from October to March inclusive.
Most kelps live from 3-5 years and in this time grow from atiny plantlet to afully-sized
adult suitable for harvesting. As ageneral rule when considering seaweed harvesting, a
sustainable yield is worked out based on the re-growth capacity of the target seaweed
species. In order to work out ttie annual sustainable harvest of seaweeds the total esti-
mated biomass for an area is divided by ttie number of years reguired for the seaweed
plants to recolonize an area and to reach tiarvestable size.

Fig. 6

therefore, if this time is 4years, the annual sustainable harvest in an area with 60
tonnes of biomass will be in the region of 15 tonnes, this method has been applied to
calculate potential sustainable harvest weights for some of the commercially important
species along the Iristi Coast. Importantly, Laminaria beds are also breeding grounds for
various fish, and sfiellfisti stocks. When harvesting, this should be taken into account.

In Europe, ¿٠ hyperborea is one of the most exploited species of seaweed for ttie pro-
duction of gelling alginates. Its stipe is mainly used by ttie alginate industry while the
blades are generally dried, and then powdered for use in animal feeds and liguid sea-
weed extracts. Harvesting of this species in Norway for this purpose is carried out by pur-
pose-built dredging vessels, these pull cutting dredges (Fig. 7), which chop the plant
near the holdfast and collect the stipe and frond in acage on the dredge, whicfi is then
h a u l e d a n d u n l o a d e d i n t o t h e v e s s e l ' s t i o l d .

No direct large-scale harvesting of wtiole L. hyperborea plants for ttie alginate industry
has taken place in Ireland but widespread collection of cast stipes known as 'sea-rods'
or 'slat(a) mara' took place. As recently as the late I99٥'s, asmall amount of these sea-
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rods were still gathered, air-dried and transported whole to Scotland for processing into
high-grade alginates. Sadly, this sea-rod market has sharply declined. In Ireland, the
intertidal brown wrack Ascophyllurri nodosum (see p. 32), is harvested on alarge scale
as alginate raw material and for other uses such as fertiliser, liguid seaweed extracts and
animal fodder supplements.

Historically, there has been widespread use of cast ¿٠ hyperborea as afertiliser in Irish
coastal areas. Along with other drift seaweeds it was layered with sand to create "lazy
beds” of "soil'' on otherwise bare rock, fhis driftweed was torn from rocks by gales, main-
ly in Spring and Autumn and collected from certain beaches such as Quilty, Co. Clare,
on which large drifts were regularly deposited, this storm-cast weed composed of ٤.
hyperborea fronds (Mayweed) and other seaweeds was known collectively as driftweed
or blackweed and was freguently of poor guality being variously decomposed and fre-
guently contaminated witti plastic bottles and ottier beach debris. High bacterial counts
were aregular feature. It was used for atime as raw material for low-grade fertiliser and
animal meal but this practice has stopped since the f980's. The fodder supplement and
fertiliser market Is now being supplied with vastly superior guality seaweed meal made
by Arramara Teoranta from freshly harvested A. nodosum.
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Harvesting Laminaria hyperborea by dredge off Western Norway.

N u t r i t i o n a ! a n a l y s i s

fike all kelps. Laminaria hyperborea is ricfi in iodine, several vitamins and many trace
minerals. For chemical constituents, see ¿٠ digitata (ρ.18) as there is little real difference
between the two kelps.
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Laminar ia d ig i ta ta
C o m m o n n a m e s

English: Oarweed, Kombu, Tangleweed, Sea girdle. Sea tangle. Sea ribbon. In Englisti
'oarweed' is used to describe both L. hyperborea and L. digitata, wheras in Irish sepa-
rate names are allocated to these Individual species.

Gaeilge: teathrach, Feamnach dtiubh, Coirrleacti (also applied to ¿٠ saccharina in some
places)

D i s t r i b u t i o n

Laminaria digitata is avery common kelp at low water around ttie Irish, North European,
and Eastern North American Coast. Moving down the shore, i. digitata is normally first
encountered at low water neaps extending down below the low water Spring mark to the
L. hyperborea zone. In clear waters it can be found growing to adepth of to mًا hence
on steep gradient shores it tends to form narrower beds than the very similar ¿٠ hyper-
borea, which grows in deeper water. Variable densities of L. digitata have been noted
around the whole extent of the coast generally less than ttie amount of L. hyperborea
present. Abiomass survey carried out by the ISIO in 1997 (Hession ef all, 1997) esti-
mated ttiat 56% of the coastline from Donegal to Cork had some form of kelp coverage.
L. digitata thrives in fairly exposed areas or in more sheltered areas witti strong tidal cur-
rents and is sensitive to lower salinities, generally preferring salinities above 20./0.

D e s c r i p t i o n
Laminaria digitata is golden-brown in colour and up to 2.5 mlong (Fig. 8) and 60 cm wide
a c r o s s t h e f r o n d .

F i g . s Laminaria digitata lying flat on the lower shore during low spring tide.
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ho!dfasi !s aduster of th!n, branch!ng, !ntertw!n!ng, root-!!ke processes, the frond !s ًجــــــــا)ا
flat, large, rubbery and smooth with finger-like sections, whicti may be torn or indented
by wave action. It is generally very similar in appearance to ٤. hyperborea and ttie two
were confused for along time. Particular distinguistiing features for L. digitata are its
position higher on the shore, the smootti, flexible, oval (in cross section) stipe and aless
abrupt junction between stipe and frond. Also in Spring, differentiation between new and
old growth is not as obvious as in L. hyperborea. The shiny oval stipe is not rigid enough
to bear the weight of the frond in air, so wtien the plant is exposed during low water it lies
prostrate on the flat or hangs limply from rocks. Lidigitata can be fertile throughout the
year but has apeak period of reproductive activity between June and October with local
variations in various European countries.

Harvesting and commercial uses
Despite the massive resources of ¿٠ digitata in Ireland only atiny percentage is har-
vested by hand or rake to supply the sea-vegetable market and for use as feed for algi-
vores in the mariculture of abalone and sea urchins. Harvesting of L. digitata for sea-veg-
etables in Ireland is done by hand during low Spring tides and is carried out all year
round. Sustainable harvesting practices consist of cutting only ttie upper three-guarters
of the frond by knife, leaving the stipe and lower part of the frond intact to regenerate
quickly. Unlike France, where L. digitata forms the basis of an alginate industry, there is

market for this species in Ireland so no mechanisation of harvesting has takenn o m a s s

place.

As mentioned above, small amounts of L. digitata are harvested in Ireland, dried, and
sold as asea-vegetable. In Asian cooking, Kombu* is used in the manufacture of astock
that is the basis for many dishes. L. digitata accounted for alarge part of the 'drift weed'
mix that was widely gathered until the late I980’s as afertilizer. Small-scale gathering of
drift-weed by coastal farmers and in particular organic gardeners continues around the
coast, like all the kelps, I. digitata is rich in iodine that is widely used as ahealth sup-
plement for under-active thyroids (myxoedema), and for the treatment of goitre. At vari-
ous stages in the past 200 or more years, I. digitata was burnt in kilns as asource of
iodine or potash. However, with the discovery of alternative sources of these products
the practice of kelp burning mostly died out in the first half of the 20th century.

Currently, alginate extraction is the most important use for this kelp, but no harvesting of
I. digitata fOr this purpose has been carried out in Ireland. As mentioned above, the
French alginate industry, which is based in Brittany, uses large quantities of locally har-
vested I. digitata as raw material. Annual harvests have not increased from 60,000
tonnes per annum in the last ten years, suggesting that the maximum harvest limit may
have been reached. Harvesting in France was traditionally carried out by hand using
long-handled sickles, but is now carried out mectianically using ttie 'scoubidou', agrap-
ple-like apparatus fitted on licensed harvesting boats (Fig. 9). Also used till recently was

harvesting system using divers to hand cut the kelp, which was then transported to a
surface vessel via suction pump.
a

In both France and the USA, L. digitata has been used in bioconversion trials to produce
metliane gas.

*Japanese word for kelp.
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Fig. 9‘Scoubidou’ apparatus on harvesting vessels in France (Brittany)
Nutritional analysis
The nutritional qualities of this species are given in fable 2.

Table 2. Nutritional analysis of Laminaria digitata

P r o t e i n 8 - 1 4 . / .
F a t 1٠/٥

Carbohydrates 4 8٠/٥
V i t a m i n c 12-18 ppm
V i t a m i n B 1 5 p p m
V i t a m i n Β 2 22 ppm
V i t a m i n Β 3 34 ppm
V i t a m i n Β 1 2 0.6-0.12 ppm
l a m i n a r a n 0 - 1 8 . / .
M a n n i t o l 4 - 1 6٥ /٥
C a l c i u m 1 2 . 4 0 0 - 1 3 . 2 0 0 p o m

800-5,000 ppmI o d i n e
I r o n 50-70 ppm
Magnesium ร,400-7,860 ppm
Manganese p p m 6اح
S o d i u m 2 - 5 . 2 %
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L a m i n a r i a s a c c h a r i n a

C o m m o n n a m e s

Eng!lsh: Sweet kombu, Kombu royale, Sugar kelp. Sugar wrack. Sea belt. Sea tangle,
Oarweed, Poor man's weattierglass.

Gaeltge: CupOg na gCloch, Lásaí, Rufaá, Frulli, Réabán, Madrat, Madrat rua, Coirrieach
(also applied to ٤. digitata in some places)

D i s t r i b u t i o n

Laminaria saccharina is acommon kelp of ttie lower shore in nortti Atlantic and Pacific.
In Europe it is found from Norway down as far as Northern Spain at depths down to to
min clear waters. In Ireland, this kelp is present in arange of habitats, ranging from the
outer reaches of estuaries to gently sloping semi-exposed rock shores. If can be found
growing in the mouths of sheltered estuaries on stones, shingles and gravel. Unlike
Lhyperborea and L. digitata it generally does not occur in adistinct band but rather
grows in patches near channels, in gullies and in deep rock pools. It sometimes forms a
jumbled brown carpet at the water's edge, or is torn loose and cast up on the tiigtier
zones of the shore. It is generally absent from very wave-exposed shores.

D e s c r i p t i o n
Laminaria saccharina (Fig. 10) is easily recognisable by its relatively short stipe (< 60
cm), and the elongated frilly-edged, crinkled fronds that extend tongue-like to 2-4 min
length, the yellow-brown fronds are undivided, and in older specimens the surfaces are
heavily pitted, often torn and heavily indented, the stipe is flexible, smootti, round in
cross-section and the holdfast is acluster of strong, flat, spreading, branching, root-like
t i s s u e s .
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Аtypical ‘carpet’ of Laminaria saccharine on the lower stiore.Fig. 10

2 1



Guide ٠؛  Commercially Important Seaweeds on the Irish Coast

Laminaria saccharina is generaااy found in the !ower shore on rock or in gullies and is the
most tolerant of kelps to muddy conditions and lower salinities found in estuaries. In
appearance, juvenile Lsaccharina plants can be easily confused with young Alaria
esculenta being of similar shape, colour and size. However, the presence of adistinct
midrib in A. esculenta is diagnostic.

L. saccharina has atendency to go particularly limp as humidity increases (supposedly
indicating arise in humidity portenting rain), and to become dry and brittle as the air
becomes dry; hence the common name Poor man’s weatherglass, the development of
reproductive tissue in L. saccharine can occur at any time of the year but is most com-
mon in the Winter and is visible as dark blotches/ patches on the frond.

Harvesting and commercial uses
Traditionally, tills species was gathered as part of the total drift weed used for fertiliser
purposes in coastal areas. Small guantities of L. saccharina are currently hand-picked as
sea-vegetables using asharp knife at low tide. As adried sea-vegetable it is sold as
Sweet kombu or Kombu royale. Dried L. saccharina is arguably the most palatable of all
the kelps, due to the presence of mannitol (a polyhydroxyalcohol), imparting asweet
taste to the plant. In some areas the young, tender fronds of ¿٠ saccharina are eaten
fresh but are also used dried in avariety of cooked dishes.

Nutritional analysis
An analysis is given in Table 3(below).

Table 3. Nutritional analysis of Laminaria saccharina

P r o t e i n 6 - f f٠ /٥
F a t ه . 5 %

Gbohydrates 6 f٥ / °
V i t a m i n c 13-18 ppm
C a l c i u m ร1٥- 9282 ppm
I o d i n e 8 0 0 - 4 5 0 . p p m

22-40 ppmI r o n

Wagnesium 5670-6944 ppm
M a n g a n e s e 1-16 ppm
S o d i u m 3 - 3 . 4 ° / .
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H imantha l ia e longa ta
C o m m o n n a m e s

Eng!lsh: Sea spaghett!, Spaghett! de mer, !hongweed, Buttonweed, Sea har!cots. Sea
thong.

Gaeilge: RUa!ach, RUanach, Riseach, !m!eacán cاoch, Ra!f.

D i s t r i b u t i o n

Himanthalia elongata is acommon seaweed of asemi-exposed lower shore, !he
species is known only in the Eastern Atlantic from Southern Norway down to Northern
Portugal, but is most common in Scotland, Western Ireland, and South-Western Britain.
In Ireland, it is generally found between the low water of neap tides and low water Spring
tides on relatively exposed coasts where asuitable rocky substratum is present. On
steeply inclined coasts this results In the formation of anarrow zone, but abundant beds
can be found on areas of flat rock, particularly on wide wave-cut platforms.

D e s c r i p t i o n
Young plants of H. elongata (Fig. ff) initially appear during the winter as shiny greenish-
yellow buttons about 2cm in diameter attached to rock surfaces, normally with small
yellow forked shoots of ttie new frond visible, fhese initially yellow-coloured fronds arise
from the centre of these buttons and divide into the long paired strap-like branches, this
species should not be confused with Chorda filum (bootlace weedًا not treated here),
whicti is thinner, more transparent, generally unbranched and round in cross section
(unlike the more substantial, flat strap of H. elongata).
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Fig. 11 Young button-like Himanthalia elongata plants surrounded by mature fronds.
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٥w-b٢٥wn, strap-like fronds of H. elongata are the reproductive receptacles!!ng yeهــا heًا
that grow during the Winter and bear the conceptacles (small pits) which will ripen dur-
ing the Summer. In Spring, dark spots on the fronds indicate the plant is fertile although
another epiphytic seaweed (Elachista) may form larger tufts also, the fronds may grow
up to 3mlong but 1-2 mis more common. Often the strap-like fronds are torn away from
the button-like base and are found cast up in beach drifts.

Himanthalia elongata is very distinctive during low tide as long, strap-like fronds hanging
down in tangled masses from rocks on the lower shore. At high tide the fronds float in
extensive tangled mats on the surface (Fig. 12) where they can obstruct progress of
s m a l l c r a f t .

Harvesting and commercial uses
The species is mostly annual so may be harvested from the button up. Buttons on the
rock stiould be left undisturbed with the strap-like fronds suitable for harvesting from late
Spring to Autumn, targe guantities of Himanthalia elongata were once gathered and
burned for kelp on ttie Aran Islands. Today, however, this considerable resource remains
almost completely untouched. Harvesting at high water should be relatively straightfor-
ward as the seaweed floats making it accessible to boats.

Fig. 12 Fronds of Himanthalia elongata floating on the sea surface

Currently, small amounts of H. elongate are hand-picked and sold (on account of their
appearance) as Spaghetti de mer or Sea spaghetti. In France, it is normally sold under
this label dried, or marinated in jars to increase its shelf life. Unlike some other sea-veg-
stables such as dulse, sea spaghetti lacks astrong 'sea taste' but instead has arather
nutty flavour. Potential for expansion of this market exists wittlin Ireland.
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!n North-Western France, cons!derab!e quant!t!es of 'button weed' (Himanthalia elonga-
ta), have been C0!!ected and used as manure on art!choke fields and for barley with the
resultant crop being highly desirable for brewers.

N u t r i t i o n a l a n a l y s i s
Anutritional analysis is given in fable 4(below)

fable 4. Nutritional analysis of Himanthalia efongafa.

P r o t e i n 6 - 11٥/٥

F a t 0 . 5٠ /٥

Carbohydrates 6 1٠/٥

V i t a m i n c f 3 - f 8 p p m
C a l c i u m 8 9 1٥- 9 2 8 2 p p m
I o d i n e 185 ppm

22-49 ppmI r o n

M a g n e s i u m
M a n g a n e

5679-6944 ppm
1-16 ppm

S o d i u m 3 - 3 . 4 . / .

2 5



Guide ίο Commercial ly Important Seaweeds on the Ir ish Coast

Wracks or Fucolds {Fucus spp.)
Fuco!ds occur on most rocky surfaces in tfie intertlda!, rang!ng between the sp!ash zone
just above the htgh water Spring t!de level, down to the low neap tide level, below which
the laminarians dominate. Distinct zoning within the wracks occurs (see Figs. 1-3), start-
ing from the top of the shore and progressing down the shore as follows:

٠Pelvetia caniliculata which needs to be uncovered for much of ttie tidal cycle
٠Fucus sp i r a l i s i n ana r row band be low Pe l ve t i a
9 F u c u s v e s i c u l o s u s i n a b r o a d e r b a n d i n t t i e m i d - s h o r e

·Ascophyllum nodosum; either aco-dominant species mixed in with
F. vesiculosus or else It is replaced by it on wave-exposed stiores.

٠Fucus serratus forming abroad band below F. vesiculosus that merges into
the kelp zone.

Individual Fucus species can be very difficult to identify for several reasons:
٠Fucoids adapt to awide range of environmental conditions apparently by adopting

frond shapes to suit their environment. For example, on exposed coasts
F. vesiculosus normally lacks bladders, perhaps in order to wittistand fieavier
wave action. By contrast, ttie same species fias many bladders on sheltered
shores, probably to float the plant upwards to maximise available light for
photosynthesis.

٠Some species form hybrids freely with other species so the resultant plants may
exhibit characteristics of both parents and thus are confusing to identify on ttie
shore, these hybrids may further hybridize, adding to identification problems, fhis
is aparticular problem with F. spiralis, F. vesiculosus and F. ceranoides
(not treated here) and less so witfi F. serratus.

٠to identify some species properly it is necessary to examine ttiem at the time of
year in whicli ttiey are mature.

Fig. 13 Fucus spiralis
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F u c u s v e s i c u l o s u s

C o m m o n n a m e s

(These ate many due to toe wide usage and ٧arاed morpho١ogy of toاs common wrack
around the coast, some of the اtاsh names ate used to describe both F. vesiculosus and
F. serratus.)

Eng!!sh: B!adderwrack, Seawrack, B!adder fucus. Dyers’ fucus. Red fucus, Sw!ne tang.

Gael.ge: Feama؛nn bhu!!gfneach, Feama!nn dtiubh, Feamanach na gcاog, Cosa cruad-
tia. Cosa dubha, Barrchuan!a, Feam!a, Feamra, MUrach dubh, C!ogach, Dú!amán.

D i s t r i b u t i o n

Fucus vesiculosus is avery common seaweed of the mid-intertidal around the North
Atlantic basin south to the Canary Islands. It is present in an extremely wide range of
habitats, both exposed and sheltered, on the Irish Coast and as aresult is probably the
most common seaweed species encountered in the intertidal. It can tolerate afair degree
of wave exposure and as such can be found in exposed locations occupying the mid-
shore on rocks, piers, and wave-cut platforms. In sheltered areas it may be co-dominant
witti Ascophyllum nodosum, and it is also very common in the brackisti water of estuar-
ies and associated creeks. It is normally absent from mud flats unless tfiere are isolated
rocks to which it can attach. In certain western and north-western areas of Ireland, the
deliberate laying of stones on bare sand or mud was used to encourage attachment and
growth of both Fucus spp. and A. nodosum in otherwise unproductive areas.

D e s c r i p t i o n
F. vesiculosus (Fig. 14) is avery common brown wrack of the middle shore zone normally
found mixed in with A. nodosum between the F. spiralis and Fserratus zones. It is nor-
mally an olive-brown colour drying to greenish black, but in certain areas, notably
Connemara, it can be brigtit yellow drying to adeep russet colour. It grows up to 60-80
cm in length although it can be considerably shorter and sparser on very exposed, high-
energy coasts. The common form fias ashort thick stipe and astrong, lobed, wavy-
edged frond, dichotomously (paired) branched witti aprominent mid-rib. The ends of ttie
branches bear ttie bulbous fruiting receptacles. On either side of the midrib there are
oval gas-filled bladders (often in pairs), wtiich float the seaweed up towards the light,
apparently to maximise photosynthesis.

On the most wave-exposed coasts plants of ttiis species tend to be sparse, without blad-
ders, and much smaller compared to ttie larger, many-bladdered, luxuriant plants found
in stieltered bays, sucfi as Cuan Chill Chiaráin and na Beirtrf Bui, Connemara).

For many people, F. vesiculosus represents the most familiar seaweed shape on account
of its inclusion in the biology curricula, with line drawings of its morphology being found
in most biology textbooks. Freguently, it is mispelled in these texts as 'vesiculosis'.
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Fig. 14 Fucus vesiculosus. Sheltered form with many bladders.
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Older, larger specimens of F. vesiculosus have smaller more numerous bladders (see
Fig.15 above) but, as mentioned earlier, bladders may be absent on plants in very wave-
exposed areas. Under certain ecological conditions fucoid species other than F. vesicu-
losus form elongated bladders and these are normally either F. ceranoides or F. cera-
noides Xvesiculosus hybrids.

Harvesting and commercial use
Given the huge natural resource of F. vesiculosus in Ireland only atiny fraction of the
overall biomass is used today. What modest amount of Fucus used is either hand cut or
collected as drift mostly for local fertiliser use. Aside from this use, F. vesiculosus is also
used along with F. serratus as an active ingredient in bodycare products as well as in
health supplements, such as kelp tablets. Many current organic seaweed shampoos,
shower gels and body creams contain asmall amount of Fvesiculosus extract (often
less than 3./0) as one of their active ingredients.

When used in hot seawater baths or steamed, fucoids release polysaccharides such as
alginle acid and iodine as well as other minerals which are said to be beneficial to skin,
to lower high blood pressure and to ease arthritis and rheumatic pains.

For ahigh vitamin ccontent the wrack is best tiarvested in Autumn, and in ttie Summer
for ahigh vitamin Acontent. In Europe, dried plants are steeped as atea which is cred-
ited with slimming effects, and are also used to impart asweet taste to foods with which
they are steamed or boiled.

Various wracks, including Pelvetia canaliculata, were once widely used as cattle feed. At
present, asmall amount of яvesiculosus is included as a“by-catch” of Ascophyllum
nodosum in the formulation of seaweed meal used as amineral and vitamin supplement
in livestock feed. Reported benefits of the prolonged use of sucti seaweed meal are
increased milk guality from cows, increased yolk content in etileken eggs and increased
wool production from sheep. It has also been used as asource of llguid seaweed extract
for soil fertilisers and conditioners. Its manurial properties were much valued in coastal
areas and large guantities were widely used on ttie land, this practice continues in
coastal areas today, albeit on amuch smaller scale, with local gardeners, farmers and
organic farms collecting driftweed consisting of kelps (mostly Laminaria) and wracks,
(mostly Fucus spp. and Ascophyllum), for manure.
N u t r i t i o n a l a n a l y s i s
Anutritional analysis is given below (Table 5).

Table 5. Nutritional analysis of Fucus vesiculosus.

5 - 1 0٠ /٥P r o t e i n

F a t ٥ . 5 - 2 %

Carbohydrates 6 2 . / .
V i t a m i n c 100-700 ppm
B e t a - C a r o t e n e p r e s e n t
Z i n c 14-80 ppm
Phosphorus 20 ppm
Alginle Acid
F u c o i d a n

1 8 - 2 2 . / .
1 6 - 2 0 . / .
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F u c u s s e r r a t u s

C o m m o n n a m e s

Eng!!sh: Serrated wrack. Saw wrack, toothed wrack.

Gaeltge: Míoránach, Du!amán, MUrach dhubti.

D i s t r i b u t i o n

Fucus serrafus is acommon seaweed of ttie middle to lower shores present from
Northern Norway to Northern Spain. It is mostly found growing on rock below Fucus
vesiculosus in the lower-middle to low intertidal zone. At its upper limit on the shore it is
sometimes mixed with F. vesiculosus and Ascophyllum nodosum, and its lower limit
merges with the kelps, normally ٤. digitata or ٤. saccharina, at the low water of neap
tides. On gentle sloping semi-exposed shores it is not unusual to find abundant beds of
F. serratus in excess of 30 mwidth down ttie shore. F. serratus is often found on exposed
shores but is absent from very exposed shores. Its pliable fronds are well suited to with-
standing the impact of breaking waves seemingly by yielding to them. Generally,
F. serratus tends to be covered for tialf ttie tidal cycle.

Descrنــــــــــــــــــــم ipt ion
F. serratus (Fig.16) is an olive-
yellow-brown colour drying to
greenisti black. It grows up to 60
cm in length. It has asmooth,
thin, flat, irregularly branched
frond with aprominent mid-rib,
the frond edges being character-
istically serrated or toothed, like
asaw. fhe frond tips are bluntly
rounded and generally forked. In
autumn and winter tt iey bear
compressed, pointed, f rui t ing
bodies up to 5cm long also with
serrated edges, there are no
b l a d d e r s . A t v a r i o u s t i m e s o f t h e

year it can be similar to botfi F.
vesiculosus and F. spiralis when
those species are devoid of blad-
ders and reproductive recepta-
d e s , b u t F. s e r r a t u s d o e s n o t
often hybridise with F. vesiculo-
s u s ; o c c a s i o n a l l y c h i m e r a s
(species growing in close prox-
imity with mixed tissues) are
f o u n d .

F l g . 1 6
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Harvesting and commercial uses
Asmall amount of hand harvesting of F. serratus takes place in Ireland mainly for uses
in seaweed baths, bodycare products, and in composting manures. Manures made from
the species are especially popular in the Channel Islands, wtiere it is said to be very
common, for growing potatoes and tomatoes. In Ireland, some fucoids are processed
into seaweed meal and used as raw material for liguid seaweed extracts. Seaweed
body-care products are also made from seaweed meal derived from F. serratus and F.
vesiculosus. In France, frozen plants of F. serratus and tfie kelp Laminaria digitata are
ground into paste for processing into clear gels for the body-care industry and for use in
body wraps in thalassotherapy centres, this cold process is designed to maintain com-
plete vitamin integrity of the seaweeds ttiat would otherwise be damaged by ttie normal
extraction processes which involve heat or alkaline solutions. At present, France appears
to be the only place where this type of preparation is widely prepared and used.

Applications for seaweed-based creams and gels are numerous, including bath and
shower gels, massage creams, barrier creams for hands, soaps, algal bath salts, poul-
t ices for re l ief of rheumat ism, cel lu l i te removal , deodorant st icks, sun-screen creams,
face masks, tiair-setting gels, slimming creams, shaving foams, shampoos and condi-
tioners. the main problem with using algal pastes as raw materials in cosmetics is that
of end-product preservation. Preservatives and anti-fungal agents are used to prevent
colour deterioration and growtti of any unwanted bacteria or fungi on the product.

A n u n d e t e r m i n e d a m o u n t o f

fresh locally-gathered fucoids
are used as coolant/packaging
for t ransport ing oysters and
o t h e r s h e l l fi s fi , a n d s m a l l
amounts have been used In pre-
sentation displays at supermar-
k e t fi s h c o u n t e r s .

C h e m i c a l a n a l y s i s
Fserratus contains higti levels
of many minerals and trace ele-
ments, namely iodine, bromine,
phosphorus, manganese, zinc,
titanium, molybdeneum, cobalt,
potassium and calcium. For a
general nutritional analysis see
F. v e s i c u l o s u s , t o w fi l c h t h i s
species is very similar in con-
s t i t u e n t s .

V■,

Fig. 17 Fucus serratas
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A s c o p h y l l u m n o d o s u m
C o m m o n n a m e s

English: Knotted Wrack, 'Asco', Rockweed, Yellow weed. Sea whistle. Yellow tang.

Gaeilge: Feamainn bhui, Feamainn bhui bhoilgineach.
D i s t r i b u t i o n

Ascophyllum nodosum is avery common wrack of the middle-shore in Europe and the
A t l a n t i c c o a s t o f N o r t h A m e r i c a . I t i s s o m e t i m e s f o u n d a s a c o - d o m i n a n t w i t t i F u c u s

vesiculosus in stieltered areas, but not in as diverse arange of habitats. Due to ttie con-
siderable bulk of adult A. nodosum it reguires asubstantial substratum for firm anctior-
age and will not grow on mud or small stones. Generally, it is found growing on rocks,
larger stones, piers and other solid objects of attachment in estuaries and semi-sheltered
bays. In certain Donegal bays, the deliberate placement of rocks as substratum for sea-
weed attachment takes place in otherwise bare sand or mudflat areas yielding good
crops of this species and other wracks.

A. nodosum is most abundant in sheltered places, such as Cuan ctlili Chiaráin and Cuan
na Beirtrí Buf in Connemara, where it forms dense, luxuriant, tangled beds hanging from
the uneven rock substratum by
their points of attachment. When
s u b m e r g e d , t h e p l a n t fl o a t s
buoyed by its air bladders, so ttiat
it stands up vertically often just
reaching the surface, where it can
restrict passage for small craft. At
high tide, these beds provide shel-
ter and food for many small fish
and o ther mar ine organ isms.
Despite being associated with
m o r e s h e l t e r e d a r e a s , A .
n o d o s u m c a n b e f o u n d i n s m a l l

nicties on surprisingly exposed
sections of coast, particularly on
gently sloping rock platforms,
which cut down on wave expo-
s u r e .

Descr ip t ion
A. nodosum (Fig. fS) is an olive
green to yellow seaweed, turning
greenish black when dried. It gen-
erally grows up to 2metres in
length (after three to five years)
and has long, tough, leatliery,
elastic, slender, strap-like, irregu-
larly-branched fronds (with no
midrib) growing from acrowded,
disc-shaped holdfast.

Fig. 18 Ascophyllum nodosum on coral sand
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-he basa! disc supports numerous basal fronds, often numbering >50. Spaced at interًا
vals along the middle of the main fronds and sometimes occupying their full width are the
cliaracteristic long, egg-shaped bladders, wtiich contain gas. fhe number of bladders
present gives an indication of the age of ttie plant after allowing for 2years' initial growth.
One bladder is generally formed each year. When submerged by ttie tide, these blad-
ders float the fronds up towards the light maximising ttie photosynthetic potential of ttie
seaweed. Bright yellow plants of A. nodosum are particularly associated with
Connemara, where the local name. An Fheamainn Bhui, translates as “ttie yellow weed”.

fhe reproductive fruiting bodies grow out laterally from the sides of the fronds, usually in
pairs, from November to May. these reproductive receptacles are yellow in male plants
and green in female plants, stalked, and similar in size and colour to raisins or sultanas.
When they fall off at the end of the season their point of attachment is usually colonised
by the common epiphytic red seaweed Polysiphonia lanosa, which develops small pur-
ple-red tufts of fine branches. At this time large piles of discarded receptacles are a
prominent feature of the shore accumulating at the high tide mark and in rock pools.

Sustainable harvesting techniques
Ascophyllum nodosum grows apically; in other words, ttie tips are actively growing with
the plant progressively becoming older towards its base. As mentioned earlier, the
growth cycle takes between 3-5 years depending on tfie area, fhe adoption of sustain-
able harvesting practices for exploitation of tills resource since ttie start of large-scale
exploitation of A. nodosum by Arramara feoranta in the I96٥’s has successfully main-
tainecf and even enhanced the natural resources of A. nodosum. Sustainable harvesting
means allowing regeneration of the resource between harvests, to this end anumber of
guidelines have been adopted over the years by hand harvesters supplying to Arramara
f e o r a n t a :

٠When cutting A. nodosum at least 15-25cm (one or two hand's length), of the base of
the plant are left attached to the shore. This practice of leaving agenerous stump
serves to speed up the regeneration process greatly. If the whole plant is ripped off
the shore the resulting space is quickly colonised by opportunistic seaweed species
such as Fucus spiralis, delaying the re-colonisation of A. nodosom at that site.

٠Following fiarvesting as described above, A. nodosum takes between 3-5 years to
regenerate with the rate of regeneration being determined by the availability of nutri-
ents. Accordingly, sustainable harvesting practice requires tfiat between 3-5 years is
allowed to pass before the next cut of weed is taken from the same area. Sucti fallow
-ing of harvested areas helps prevent overexploitation of the resource.

٠Even within apreviously fallowed area designated to be harvested, many harvesters
do not harvest the weed cover in Its entirety, leaving pockets of undisturbed plants.
Apparently, this helps minimize ttie displacement of fish and animals that live among
and beneath the canopy of Ascophyllum beds.

It has been found ttiat regular liarvesting of A. nodosum gives greater production.
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Hand harvesting of Ascophyllum nodosum with knife during low tide.Fig. 19

Harvesting and commercial uses
Ascophyllum nodosum !s the most important species of seaweed co!lected in Ireland
and has been used for the past 4٥ years. During tills period annual harvested tonnages
(by Arramara feoranta) have averaged over 30,000 tonnes, but tiave been as much as
65,000 t. the weed is mainly for use as the raw material for seaweed meal. Harvesting
takes place all year round by several hundred mostly part-time seaweed hatvesters on
the bi-monthly Spring tide cycles. Weed cutting is still carried out by tiand (Fig. 19) using
ashort sickle-like blade, the cut seaweed is gathered into clumps and encircled with
rope to hold it togettier, to form aelimin (literally abundle), elimini are then eittier trans-
ported by water (towed behind curraghs), or by road to the drying and milling facilities
operated by Arramara feoranta in Kilkieran, Connemara and near Dungloe in Co.
Donegal. Preliminary trials with amechanical cutter have taken place recently.

Harvested A. nodosum is used mainly in the production of seaweed meal wtiich is
exported for the extraction of alginates (see below). However, horticulturists, market gar-
deners, organic farmers and fruit growers are increasingly using botti dried seaweed
meal and liguid extracts in soil conditioning and crop spray applications. A. nodosum is
the main Ingredient in the production of popular liguid seaweed extracts like Maxicrop
whicti is widely used for liorticultural and agricultural applications; for example, in gar-
dens, glass-house crops and orchards.

Seaweed-based manures are valued for their proven record of beneficial effects on plant
growth and health attributed to their concentrations of important trace elements, fhe reg-
ular application of seaweed manure or spray is said to have the following benefits:
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٠the pr٥m٥t!on of seed germ!nat!on and growtti,
٠!ncreases res!stance to frost damage and drougtit,
٠!ncreases res!stance to funga! and insect pests,
٠fruit trees produce !arger and more abundant crops of apples, oranges,

bananas, tomatoes, pineapples, grapes, strawberries, peaches, etc.
٠crops of potatoes, carrots, Brussels sprouts, beetroot also show increased

yields.

N u t r i t i o n a n a t y s i s
Ascophyllum nodosum contains high levels of nutrients and vitamins and trace ele-
ments, for example, barium, nickel, vanadium, selenium, cobalt, chromium, molybdenum
and copper. Anutritional analysis is given below (fable 6).

Table 6. Nutritional analysis of Ascophylum nodosum.

5 - 1 2 ° / .P r o t e i n
2 - 4 . / .F a t

Carbohydrates 4 2 - 6 4 . / .

4 . 2٠ / Mه a n n i t o l

Alginle Acid 2 6 . / .

1 0 . / .l a m i n a r a n

500-1650 ppmV i t a m i n c

B e t a - C a r o t e n e 35-80 ppm
V i t a m i n B 1 1-5 ppm

5-10 ppmV i t a m i n Β 2
V i t a m i n Β 3 1 0 - 3 0 p p m

0.1-0.5 ppmV i t a m i n Β 6

0.8-3 ppbV i t a m i n Β 1 2

260-450 ppmV i t a m i n E
V i t a m i n H 0 .1-0 .4 ppm

10 ppmV i t a m i n К З
1 - 3 . / .C a l c i u m

700-1200 ppmI o d i n e

101-176 ppmI r o n

0 . 5 - 0 . 9 %M a g n e s i .
10-15 ppmManganese
3 - 4٠ Sه/ o d i u m

70-240 ppmZ i n c

Uses o f a l g i na tes
In the absence of an Irish alginate manufacturing facility, Irish-produced seaweed meal
has for 40 years been exported by Arramara feoranta to Scotland for secondary pro-
cessing to alginates, mainly for food applications. Alginates are natural polymers with a
great range of commercial uses as low-cost thickeners.

Alginates, (Ε400-405) are commonly used as emulsifying, suspension, binding and sta-
billsing agents in hundreds of foodstuffs including ice cream, tomato sauces, pet-food,
fruit drinks, instant soups, jellies, instant champagne, salad dressings, spreadable mar-
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garines, and many other products. Alginates are also used as abinder in the restructur-
ing of food, for example in crabsticks and reconstructed meat, fheir suspension, gelling
and stabilising properties also have adiverse range of industrial applications, such as in
the manufacture of paints, insecticides, water softeners, car polishes, ink-print binders
for textiles and paper, seed capsules, for clarifying beer and many more uses.

Alginates are also widely used by the pharmaceutical and body-care industry as an
ingredient in the manufacture of agreat range of products. These Include gastroe-
sophageal reflux preparations, toothpaste, impression material (Zelex, acommon dental
gel containing alginates sets in 4.5 minutes), as abase for dental creams, jellies, hair
sprays and hair products. Alginates tiave been shown to fix and remove radioactive
strontium and other metal pollutants from the body by binding with them after which they
are excreted from the body in the faeces.

دل

لـــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــدد .

: ا
แ ■ ؛ .

Fig. 20 Freshly harvested, wet Ascophyllum nodosum being loaded into ahopper at
Arramara Teoranta’s Kllkieran factory in
Primary processing into seaweed meal consists of washing, mincing, kiln drying and sieving
into different grades of meal. The resultant seaweed meal is either used as soil conditioner/
fertiliser, animal fodder supplement, liguid seaweed extract or transported to Scotland for
alginate product ion.

.Galway, for processing into seaweed meal.

Calcium alginate dressings are used in external and internal wound dressings to control
bleeding. They are unigue in that the gauze-like dressings can be left in the body where
fhey gradually dissolve and are carried away by body fluids. On surface wounds, they
can be dissolved with asodium chloride solution avoiding painful disturbance of the
surface scab of wounds, caused by pulling off traditional dressings. Another medical
application, pioneered in Norway, involves making alginate beads and gels with encap-
sulation properties needed for avariety of applications such as slow-release tablet coat-
ings. These tablets release desired levels of medication such as insulin into the intestine
having passed through the stomach resisting digestion, within aprotective alginate gel
coating.
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P e W e t i a c a n a l i c u l a t a
C o m m o n n a m e s

Eng!!sh: Channe!!ed wrack. Cow tang.

Gaeltge: Dubh!amán (w. c!are), Ca!stneach (Aran and Connemara).

D i s t r i b u t i o n

Pelvetia canaliculata Is avery common sma!! brown wrack in the upper shore zones and
spاash zones of the Eastern At!ant!c from !ce!and to Portuga!.

D e s c r i p t i o n
Rcanaliculata is the smaüest of the wracks, !t is immediate!y recognisab!e by its posi-
tion at the highest points of the intertidal shore. It attaches to rocky surfaces by adiscoid
holdfast and does not grow larger than 15 cm in length. Normally, it is olive brown in
colour but it can often appear yellow or amuch darker brown or green-brown, ftie nar-
row fronds are dichotomously branctied with swollen, granular fruiting bodies at their
tips, the partially inrolled, downward-facing, channelled fronds help to retain moisture.
Additionally, its small size and surface area reduces ttie loss of moisture through evap-
oration, p. canaliculata can thus withstand long periods of exposure, which accounts for
its dominance higti on the shore.
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Pelvetia canaliculate in the upper shore zone
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Harvesting and commercial uses
Unlike the well-documented use of other wracks, such as A. nodosum and Fucus spp.
as fodder supplements added to pig and cattle feed, ttie use of Fcanaliculata for the
same purpose is less well known. Drift seaweed was commonly used as fodder in the
most barren western areas, this was apractice born more of desperation tfian desire,
as drift seaweed Is not an ideal food for animals, being more suited to asmall part of a
mixed diet. Given the low digestibility of seaweeds ttieir main value lies in their high min-
eral, trace element and vitamin content, hence their suitability as fodder supplements.
Farm animals mainly sheep adjacent to the shore freguently grazed on intertidal wracks,
in particular Fсала/,’си/а؛а given its accessibility high on the shore. Several wracks
including Fcanaliculata were known in Connemara, as Muirfn na muc in the I930's and
f94٥'s, suggesting that they were used as pig food.

Fcanaliculata is ttie most edible of the wracks and is consumed occasionally as asea-
vegetable condiment on salads.

Nutritional analysis
Fсала/,'си/а؛а is particularly rich in selenium and vitamin cand contains many other
trace elements. It is very similar in constituents to Fvesiculosus (fable 5).

F ig . 22 Pe lve t ia cana l i cu la te
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T H E R E D S E A W E E D S O R R H O D O P H Y TA

I n t r o d u c t i o n

Some 275 spec!es of red a!gae are found !n !re!and most of wh!ch are ٩u!te rare and par-
t!cu!ar to certa!n hab؛tats or geograph؛cal reg؛ons. There !s acons!derab!e range of
co!ours In the various so-called red seaweeds from red or bright pink to adark purplisti-
brown, to almost black. The range of colours are aresult of the presence of two extra
pigments, phycoerythrin (red) and phycocyanin (blue), which mask the green chlorophyll
and other photosyntlietic pigments. Further modification of colour can take place as red
seaweeds are often bleached to alight brown or yellow in bright sunliglit and can thus
be confused with brown algae.

Any seaweeds growing on open rock on the seastiore must be well adapted to tolerate
strong wave action, drying out from sun and wind, extremes of air temperature and occa-
sional soaking in rainwater tfiat lowers the salinity. Red seaweeds tend to be small and
delicate and are most sensitive to liglit, so they have atendency to occupy the lower
shore and subtidal or are found shaded by, or growing on wracks and kelp.

The most delicate species grow in ttie subtidal wliere wave action is much reduced,
where fluctuations in temperature and salinity are minimal and where no danger of dry-
ing out exists, less delicate red seaweeds are also found In the relative darkness of
deep rock pools in the mid-shore. An exception to most red seaweeds are the hardy
species of Porphyra, some of which are found high in the intertidal and can tolerate sev-
eral days of drying out during neap tides, when the tide is insufficiently high to cover the
plants.

Among the commercially important Irish red seaweeds are several species of calcar-
eous algae known as 'maërl', which liave ahard, pinkish-purple coral-like appearance.
Deposits of dead maërl (bleached white), are washed up in Mannin Bay and Carraroe
(Co. Galway) and afew other areas to form spectacular 'coral strands'.

Many types of red seaweed such as Palmaria palmata and Polysiphonia lanosa are
found growing on the stipes (stalks) of kelp and wracks where they are described as
being epiphytic. Some red seaweeds such as Carrageen moss {Chondrus crispus and
Mastocarpus stellatus) are tough enough to withstand drying out when the rocks on
which they live are exposed by the falling tide.

The search for therapeutic molecules from algae continues in pharmaceutical and
biotechnological research and the numerous species of red seaweeds in particular have
been identified as having considerable potential in these areas. Already, certain species
of red algae have been used in the development of anti-coagulant compounds, wtiile
researcti on the anti-viral properties of ottier species continues.
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Fig. 23
exposure in Ireland. The kite diagrams show the abundance of different species at vertical
intervals. The wider the band, ttie greater ttie abundance of aparticular species at that level
on ttie shore, (dim Morrissey)

The vertical zonation of red seaweeds at atypical rocky site of moderate wave
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Pa lmar ia pa lmata
C o m m o n n a m e s

Eng!lsh: D!!!Isk, Du!se, She!! dulse, Seagrass (Co's Kerry and Clare only).

Gaeilge: Duileasc (name given to larger plant), Creathnach (name given to smaller plant
growing on mussel shells).

D i s t r i b u t i o n

Palmaria palmata is acommon cold-water species of the middle to lower shore in many
parts of Europe, and the North Atlantic coasts of America. In Europe, it reaches its soutti-
ern limit in Northern Portugal and the Azores. In Ireland, p. palmata is common on all
coasts where there is suitable rock, or on the stipes of L. hyperborea plants, there is
some anecdotal evidence of larger plants being commonly found on the South and
North-Eastern coasts of Ireland.

Descr ipt ion
Rpalmata (Fig. 24) has areddish-brown to dull dark red colour. It appears tough almost
leathery, with flat fronds of fO-50 cm length, arising directly from adisc holdfast. In the
lower intertidal it is found in clumps fringing rock pools or hanging from rocks shaded
under wracks. It is also found occasionally as an epiphyte growing on Fucus serratus. In
the subtidal it is found in abundance growing on ttie rough-textured stipes of ttie large
brown kelp Laminaria hyperborea, along witti other red seaweeds, fhe shape of the
frond can vary considerably between an irregular fan-shape or asingle frond with later-
al marginal leaflets.

ح
لا

Ttie broad form of Palmaria palmataFig. 24
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Harvesting and commercial uses
Carrageen moss (Chondrus crispus and Mastocarpus stellatus) and Palmaria palmata
are by far tfie two most popular sea-vegetables used in Ireland, but other species such
as Alaria esculenta. Laminaria saccharina auủ Hlmanthalla elongata are Ъесоттд pop-
ular. p. palmata is harvested all year round, but especially between Spring and Autumn
when the vitamin content is said to be high. Sustainable harvesting technigues for p.
palmata involve picking off ttie main mass of fronds, ensuring that the lower part of the
plant and holdfast are left attached in order to facilitate guicker regeneration. Given
favourable weather conditions and low Spring tides it is even possible to wade out at low
water to pick clumps of epiphytic ppalmata growing on kelp stipes, p. palmata (Dillisk or
Dulse), is apopular sea-vegetable on both sides of the Northern Atlantic famed for its
rich, salty, nut-like taste and unigue mouth feel. Dillisk is often eaten dried and whole as
asea-vegetable, but egually it can be added in flaked form to soups, breads and cakes
for flavour, or as arelish with potatoes.

ع.
o

Fig. 25 Smaller form of Rpalmata known as ‘Creathnach’, growing on juvenile mussels.

In parts of the north and west of Ireland, there is apreference for eating asmaller type
of p. palmata found growing on small mussels, known as Creathnach, or Shell dulse. In
this case, the whole plant is torn off freguently accompanied by the small mussel shells.
ppalmata is particularly popular in Northern Ireland, where it is known as dulse and is
widely available as abar snack, and in grocery stores.

Improved health awareness in recent years has resulted in aresurgence of interest and
overall use of sea-vegetables, which is reflected in the growing number of Irish health-
food shops that stock ranges of sea-vegetable products. While many of these products
come from Asia, where amassive seaweed industry exists, there are anumber of small
Irish sea-vegetable companies supplying to both the domestic market and abroad.
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Fig. 26    Line drawing of Pa/ma"a paﾉmafa growing epiphytic on stipe of the kelp
Lam i na " a h ype rbo r ea .
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Dwindling numbers of committed harvesters, combined with the growth in popularity of
sea-vegetables have led on occasion to an increase in demand for P pa/mata beyond
the current supply.

The recent shortfalls in supply of wild Fl Pa/mata have stimulated interest in cultivation of
this and other species to meet the demands of an expanding market・Preliminary aqua-
culture trials of both P pa/mara and A. escu/enta in Co. Galway have shown that these
species can be grown on long lines in more sheltered areas than their natural habitat. As
a perennial seaweed, P pa/mata is particularly suited to cultivation on ropes floating in
the sea. Once a standing crop is established on ropes it can be harvested at intervals
without having to reseed. FoIIowing harvesting, new blade growth emerges from the
edges of cut surfaces and the crop regenerates by ltself until the next harvest．lt is like-
ly that such commercial seaweed farming operations will develop in lreland over the next
few years.

Currently, harvesters are fetching between lRE500-800 per fresh tonne of hand-picked
R pa/mata, depending on quality.

Apart from sea-vegetable use, R pa/mara has been used in the preparation of anti-per-
spirant products for the bodycare industry, whlle research is proceeding into potential
medical applications based on the beneficial properties of P pa/mara extracts.

Nutrit ional analysis
R pa/mara contains high levels of protein, vitamin A and iron. lt also contains several〃 l

other vitamins, minerals and many trace elements. A nutritional analysis is given below
(̅ Table 7).

̅mble 7. Nutritional analysis of Paﾉma"a pa"刀ata.
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P ro te i n 1 2 - 2 1 ％

F a t 0．7-3％

Carbohydrates 46 -50％
V i t am in C 150-280ppm
Be t a - C a r o t e n e 6 6 3 i , u

V i tam in B1
ー
／pp｢『1

V i t am i n B2 2-5ppm
V i t am i n B3 2-19ppm
V i t am i n B6 9ppm
V i t am i n B12 6．6ppb
V i t am i n E 1．71ppm

2000-8000 ppmC a l c i u m
|odir le 150-550ppm
lron 56-350ppm
Magneslum 0．2-0．5％

Manganese 10-155ppm
0 . 8 - 3 ％S o d i u m

Z i n c 3ppm
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Porphyra Species
C o m m o n n a m e s

English: Nori, Laver, Purple laver, Sloke, Black butter. Purple sea-vegetable.

Gaellge: Sleabhcán, Sleabhac. Sladai

D i s t r i b u t i o n

Porphyra species are found on all European coasts from the high to the mid-intertidal,
typically growing on rough-surfaced rocks, mussels and concrete breakwaters as well as
on other seaweed species in wave-exposed places. In general Porphyra spp. can toler-
ate very tilgh wave-exposure but are also found on more sheltered coasts often growing
on rocks buried in sand, there are some f15 species of Porphyra world-wide but the
тачп соп\п\ехс\а\ axe Porphyra umbilicalis, P. tenera, p. dioica, p. linearis, p. hai-
tanesis and p. yezoensis. In Ireland between 6-8 species of Porphyra plants have been
identified to date, of which p. linearis, awinter annual, is said to be superior in taste.
Unfortunately ttie available biomass of this species is low.

Descr ip t ion
When viewed at low tide flat against steep rock faces, piers and slipways, dried Porphyra
may resemble strips of black plastic refuse sacks melted or stuck onto rocks, fhe green-
rose-purple colour of the thin fronds is only apparent under the water when the plant
frond unfurls. Generally, plants grow up to 2.-30 cm long. In their earlier stages they may
be coloured green becoming brownish purple, then light chocolate before turning black
wtien ready to harvest. Porphyra is generally awinter crop that flourishes in tempera-
tures between 4-9٥C, aittiough certain species can appear througfiout the summer.

ة
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Harvesting and commercial uses
Hand harvesting of Porphyra spp. for use as asea-vegetable takes place from Spring to
Summer on asmall scale at various locations in the West Coast of Ireland, fhe major
problem with harvesting Porphyra from the wild is the small amount of naturally occur-
ring plants in any particular area and the low biomass of individual plants. Existing har-
vestable guantities are insufficient to sustain the harvesting necessary for acommercial
nori manufacturing operation in Ireland. In addition, none of the species available are
entirely suitable. In Asia, well-established large-scale aguaculture operations provide the
large biomass of p. yezoensis reguired as raw material for the profitable Nori industry. In
Ireland, aguaculture trials to develop farming and tiusbandry technigues for the produc-
tion of large guantities of Porphyra species have yet to commence.

In Asia farmed Porphyra yezoensis is dried and fastiioned into nori sheets for sale as a
food and as acondiment. Nori is the world's most popular sea-vegetable being superior
in its vitamin, trace element and protein content to all terrestrial vegetables. Japanese
railway station buffets, hotels and restaurants serve norl as 'sushi'. Suslii is prepared by
placing boiled rice and strips of vegetable, meat or fish on asheet of nori, which is then
rolled up and cut into slices. Nori Is also flaked and used in biscuits and snack-food man-
ufacture. Closer to home, Porphyra is popular in South Wales as 'laver bread' with the
industry centred in Swansea. In making laverbread, boiled Porphyra dioca, p. purpurea
and other species of Porphyra are boiled, sprinkled with oats and fried in bacon fat or
butter. Recipes for Porphyra also exist around ttie Irish Coast where it is mainly boiled
and used in more or less the same way.

Nutritional analysis
Porphyra species like all seaweeds are subject to seasonal variation in content but are
generally very high in protein, vitamins and minerals. Anutritional analysis is given
b e l o w .

Table s. Nutritional analysis of Porphyra umbilicalis.

P r o t e i n 1 5 - 3 7 . / .
F a t 0 . 1 2 - 2 . 4 8 . / .

Carboliydrates 5 0 - 7 6 . / .
V i t a m i n c 130-1110 ppm
B e t a - C a r o t e n e 266-384 ppm
V i t a m i n B 1 -
ỵ i t a m i n Β2 _10-29 ppm

50-98 ppmV i t a m i n Β 3

V i t a m i n Β 6 112 ppm
10-20 ppmV i t a m i n Β 1 2

V i t a m i n E 5 i . u .
C a l c i u m 2 0 0 0 - 8 0 0 0 p p m

150-550 ppm
56-350 ppm

l o d i n e

I r o n

Magnesium 0 . 2 - 0 . 5 . / .

M a n g a n e s e 7-83 ppm
0 . 5 - 3 . 2 . / .S o d i u m

Z i n c 41 ppm
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Chondrus crispus (and Mastocarpus stellatus)

C o m m o n n a m e s

Eng!lsh: Carrageen moss. Carrageen, Carragheen, اrاsh moss. Mousse d'!r!ande. Jelly
m o s s .

Gaeilge: Carraigin, Cosáinín carraige, (Mastocarpus stellatus is also known as ClUimhfn
Chait).

D i s t r i b u t i o n

Carrageen Moss is ageneric term for Chondrus crispus and Mastocarpus s؛e//a؛us.They
are both very common red seaweeds found on both sides of ttie Atlantic, from Iceland
south to Spain and Portugal. Generally both species are found in ttie mid-low stiore on
poorly drained rock surfaces and in rock-pools.

Descr ip t ion
c. crispus (Fig. 28, right) is alow bushy plant rarely exceeding fScmin tieight, with a
variety of forms and colours, from dark red, brown-red, purplish green, and brownlsti yel-
low to whitish-yellow wtien bleached by sunlight.

-

\ > A
(M.D.ßulry)

Fig. 28
Carrageen Moss or Ir ish Moss. Note the Ir idescence on the branch t ips of submerged
Chondrus crispus; this Is common on healthy plants.

(M.D.Guíry)

M a s t o c a r p u s s t e l l a t u s ( l e f t ) a n d C h o n d r u s c r i s p u s ( r i g t i t ) c o l l e c t e d a s
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p!anís are п٥гта!!у 7-15 cm اا3ا, with tough, f!at fronds that d!v!de regu!ady and often
form abroad fan-shape taper!ng down to anarrow base and sma!! d!sc-shaped ho!dfast.
Underwater, ttie branch t!ps often have aviolet iridescence that disappears when the
plant is not submerged (Fig. 28, right),

fhe appearance of c. crispus depends largely on the wave exposure of the shore wtiere
it is found. In more sheltered estuarine shores, the stipes (stalks) are short and ttie plant
bushy with small divisions at the ends, whilst on wave-exposed shores the stipe is longer
and the plant narrower witti sparser branching,

c. crispus may be readily distinguished from M. s؛e//af٧s (Fig. 28) by the fact that its
frond margins do not become inrolled into achannel, and also ttie latter tends to tiave
numerous small fruiting bodies on stalks emerging from the frond surface. But both
species are liarvested as Carrageen moss and used for the same purposes.

Harvesting and commercial uses
In terms of harvested tonnage Carrageen moss is still the most important and well-
known Irish sea-vegetable, c. crispus and MiStellatus have long been hand picked in the
mid-and lower Intertidal from late Spring to early Autumn, dried and/or bleached for sale
in Ireland and abroad as 'Carrageen moss' or 'Irish moss'. Sustainable practices that
have evolved for harvesting Carrageen involve pulling only the bushy top tialf of the frond
off leaving tioldfast and base undamaged. Harvesting of Carrageen by Irish pickers has
generally been sustainable with individual pickers developing an Intuitive feel for the
annual cycles of their local stock. Careful harvesting early in the season (late Spring),
can lead to good regeneration of harvested beds and apossible second harvest by the
end of the season. Given favourable conditions collectors can harvest up to 15٥ kg of
wet weed per Spring tide.

Ttie gelling properties for which Carrageen moss is famous, demonstrated most mem-
morably in the mousse-like blancmange, are due to the presence of the hydrocolloid car-
rageenan. Ihese polysaccfiarides have largely replaced agars as low-cost food ingredi-
ents valued for tlieir thickening, suspension, preservative and fat and milk-protein stabi-
lization properties. Food applications for carrageenans (E 407) are many, including
canned foods, desert mousses, salad dressings, bakery fillings, ice cream, instant
deserts and canned pet-foods. Industrial applications for purified extracts of car-
rageenans are egually diverse, fhey are used in ttie brewing industry for clarifying beer,
wines and fioneys, although less commonly than previously, fraditionally, carrageenans
were used in the soap industry, for leattier curing, and in the manufacture of paper and
linen (for these last two uses it provided asoft finish to which print will adtiere). ftiey are
also used for the even distribution of antibiotics through ice for the preservation of fish
on fishing boats.

Many people, without knowing it, use or consume carrageenans as well as other hidden
seaweed extracts on adaily basis, whether in foodstuffs, toothpastes, or in various
lotions and creams. For example, carrageenan gel is also used mixed with gums as the
gradual release agent in pertumed air fresheners for toilets, cars, etc.

Carrageen also has alarge number of medical applications, some of which date from the
I830's. It is still used to make traditional medicinal teas and cough medicines, to com-

4 8



Guide to Commercially Important Seaweeds on the Irish Coast

bat C0!ds, bronch!t!s, and chron!c coughs, !t is sa!d to be part!cu!arly usefu! for dاsاodg-
ing mucus and has ant!-v!ra! propert!es. Carrageenan !s a!so used as a,
agent and stab!!iser In ottier drugs, !ottons and medاcاnaا creams, other med!ca! app!!-
cations are as an ant!coagulant !n btood products and for the treatment of bowe! prob-
!ems sucti as diarrhoea, constipation and dysentery, !t is a!so used to make interna! poul-
t i c e s f o r t h e c o n t r o l o f s t o m a c t i u l c e r s .

Nutritional analysis
Chondrus crispus contains higti levels of vitamin A, vitamin Β12 and high iodine. It also
contains protein, sugar, starch, fat, vitamin B1, iron, sodium, phosphorus, magnesium,
copper, calcium, and many other trace elements. Anutritional analysis is given below
(table 9).

Table 9. Nutritional analysis of Chondrus crispus

P r o t e i n 1 1 - 1 8 ° / .
F a t 1 - 3 ° / .

Carbohydrates 5 5 - 6 6٠ / ه

V i t a m i n c 1٥-3٥ ppm
V i t a m i n Β 1 2 ppm 6-4.ه
C a l c i u m ه . 9 - 1 . 3٠ / .

I o d i n e 200-300 ppm
I r o n 170-210 ppm
Magnesium 6 7 0 0 - 8 3 5 1

Manganese ppm 28ح
S o d i u m 2 - 2 . 6 . / .

P o t a s s i u m 3 . 4 ° / .

| غ
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Asparagopsis armata
C o m m o n n a m e s

Eng!lsh: Harpoon Weed.

Gaellge: Feama!nn mhu!rgha.

D i s t r i b u t i o n

Asparagopsis armata was introduced to Europe from the Southern Hemisphere, proba-
bly from Australia. It was first recorded in Europe in 1925 at Cherbourg and at Biarritz,
before arriving in Ireland at Galway in 1939, where it is now well established in open
sandy pools of the lower intertidal and subtidal. Gametophytes are found grown epi-
phytically, mainly on Ulva spp. to date, A. armata has been commonly recorded in the
following areas of the Irish coast: Carnsore Pt, (Co. Wexford); Magtiarees lagoon, (Co.
Kerry), and from Finavarra, (Co. Clare) north to Clare Island (Co. Mayo). An alternate
ptiase, the tetrasporoptiyte juvenile plants appear as small red tufts epiphytically on
Corallina oñicinalis. these plants are more widely distributed on Western and Southern
C o a s t s o f I r e l a n d .

D e s c r i p t i o n
the A. armata tetrasporophyte Is abushy, many branched, filamentous seaweed, occur-
ring in dense cotton-wool-like tufts to 15 mm In diameter (Fig. 31). Its natural pale red-
purple colour guickly degenerates when removed from the water becoming distinctly
orange. It occurs all year round, but is most obvious from October to March, the male
and female gametophytes (Fig. 32) occur from dune up to September (occasionally over-
wintering), these plants are bushy, with acylindrical axis up to 1mm wide and 200 mm
long, arising from bare, creeping stolons, ttiey are irregularly branched, with four rows
of brancfilets. It has simple, stiort, branchlets alternating with longer ones with four rows
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Fig. 30 Cultivated Asparagopsìs armata on ropes.
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of s!mp!e f!!amentous ramuli. lower branch!ets are unbranched, اong, and fapered, w!th
harpoon-!!ke barbs. Key character!sf!cs are the harpoon^ااke hooks and bushy hab!t. It
has an association with Ulva species but may also be found free-floating. Botti pilases
readily reproduce vegetatively with ease. Drift specimens of the gametophyte readily
attach to other algae by barbed branchlets and produce new shoots, this opportunistic
species appears not to be eaten by herbivores and has arapid growth rate.

q· ỷ ế ấ

Tetrasporophyte of Asparagopsis armata

Harvesting and commercial uses
No harvesting from wild populations ot A. armata has been carried out in Ireland to date.
A. armata is aspecies that has only recently been identified as having commercial value.
Current interest from European cosmetic firms in extracts from this species tias led to it
being cultured on longlines in Connemara (Fig.30). Extracts from the red weed are used
as an active ingredient in cosmetic preparations. At present, this is the only commercial-
scale, seaweed aguaculture operation in Ireland. However, there would seem to be
potential to expand aguaculture efforts of this species as well as certain popular species
of sea-vegetables.

Nutritional analysis
None available at present, but the species is not, and stiould not be eaten. It contains
bromophenols that may be hazardous if inhaled and plants should not be kept in poorly
ventilated areas. Ideally, gloves should be worn when handling plants on ropes.
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Fig. 32 Gametophytes of ^sparagopsis armafa or Harpoon Weed
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Maerl spp.
(Phymatolithon calcareum, Lithothamnion corallioides)
C o m m o n n a m e s

English: Maẽrl is the collective name for the detached coralline algae also known as
r h o d o l i t h s .

Gaeilge: GriUan, is acommon name for all stony pinkish seaweeds

D i s t r i b u t i o n

Maêrl is ageneric name given to the unattached calcareous red seaweeds found in
Europe from Norway soutti to the Mediterranean, these subtidal red seaweeds extend
down to adepth determined by the clarity of the water. In clear water off the Aran Islands
madri has been recorded down to 32 mbut more commonly is found down to 10-15 m
depth in relatively turbid coastal waters. The main Irish madri deposits are in Galway
Bay. Mannin Bay, Bantry Bay, Kenmare River, and Roaringwater Bay. Significant maërl
beds are present off Falmoutti in sw England, Iceland, Norway, Scotland, and Brittany,
F r a n c e .

Descr ip t ion
Slow-growing maërl species are calcareous red seaweeds meaning they are coated with
hard calcareous deposits, mainly of calcium and magnesium carbonates. Plants are
between 2-10 cm in diameter with irregular branching giving them abranched coral-like
appearance, live I. corallioides plants (Fig. 33) are areddish-pink colour wtiereas R
calcareum plants may have more of asteel-blue hue. When dried both species turn a
blue-grey with shore-cast plants bleaching to apale cream or brilliant white colour. This
resemblance in colour to true coral when bleached, combined with similarities in their
branched shape accounts for the common misidentification of dead maërl beacti
deposits as coral strands. Reef-building animal corals do not occur on Irish shores. Maěrl
plants lie unattached at ttie bottom of the sea forming extensive banks in certain areas,
the upper layers of which are alive. There is atendency for live maẽrl to exist in stial-
lower water with dead deposits found in deeper water.

ى

I

٠

Two forms of the maërl species Lithothamnion corallioidesFig. 33
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Harvesting and commercia! uses
In France, maërl deposits off Brittany lie in banks up to 15 metres thick while maẽrl beds
In Ireland are less substantial, generally ranging from 2-200 cm in depth. Celtic Sea
Minerals, based in Co. Cork are licenced to tiarvest maërl at asingle site near
Castletownbere in Bantry Bay. they use asuction pump dredger for harvesting purpos-
es and the processed product is used as afunctional ingredient in foods, dietary sup-
plements, personal care applications as well as in horticultural and agricultural applica-
t i o n s .

٥
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Coral strand at Carraroe, Co. Galway formed by cast-up, bleached maërl.

Spectacular coral strands at Ballyconneely, Carraroe (Fig. 34) and Mannin Bay in Co.
Galway consisting of cast-up bleached maërl particles represent an important tourist
amenity attracting many visitors to these areas.

In both agriculture and horticulture, the use of maërl as amagnesium source in animal
fodder and as acombined soil conditioner and mineral supplement for acid soil has
received aboost from the growth of organic farming practices. Calcified seaweed pow-
ders flave also seen use in ttie area of thalassotherapy where they have been used to
formulate pastes for relief of arthritic pains. Finely-milled food-grade madri is also used
in the food ingredients industry as acalcium supplement for addition to awide range of
processed dairy products and other foodstuffs. Given its high pH it is also used for the
treatment of acidic drinking waters and in ottier water filters.

Conservation issues involving maërl concern themselves with its slow growth rate and
recovery rate after disturbance, as well as its provision of habitat for small bottom-
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dwelling creatures. Intense exploitation of maẽrl off France since ttie 1970S has caused
asignificant reduction in stocks. In Ireland some bays with prominent maërl beds are
being afforded protection through current marine SAC* designation.

M i n e r a l a n a l y s i s
Being calcareous algae, maërl primarily contain high levels of calcium and magnesium
but also contain many trace elements and minerals. Amineral analysis is given below
(Table 1٥).

Tab le 10 . M ine ra l ana l ys i s o f maër l spec ies .

C a l c i u m 3 4 ° /٥

M a g n e s i u m 2 . 4 ° /٥

Sulphur 0 . 4 5 ° / .

I r o n 25 ppm
Manganese 125 ppm
B o r o n 16 ppm

310 ppmS o d i u m

I o d i n e 160 ppm
A r s e n i c <1 ppm
F l o u r i n e 200 ppm
M o l y b d e n u m

C h r o m i u m
39 ppm
-
10 ppmCopper

Z i n c 37 ppm
Mercury <50 ppb
A l u m i n i u m <5 ppb

<30 ppm
460 ppb

N i c k e l

L e a d
C o b a l t 6 p p m

1 p p mS e l e n i u m

C a d m i u m 0.2 ppm

Mineral analysis courtesy of Celtic Sea Minerals ltd

*Special Areas of Conservation
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THE GREEN SEAWEEDS (CHLGROPHYTA)
I n t r o d u c t i o n

٥f the ttiree algal divisions, green seaweeds show the least variation in colour usually
being abrigtit grass-green colour, they owe this green colour to the presence of the ptio-
tosynthetic pigment chlorophyll, which is not masked by other coloured pigments as in
the red and brown algae, the presence of chlorophyll, similar to terrestrial plants,
enables them to flourish in the higher shore and in places such as estuarine mudflats
and sandbanks. In tropical regions witti clearer water (less particulate matter in ttie
water), green algae may occur at depths down to 250 m. In Ireland there are about 80
species of green seaweed.

Certain green seaweeds especially Ulva and Enteromorpha spp, are associated with
macroalgal blooms during the Summer that have caused considerable problems to local
authorities in France, Southern UK and in Belfast, Cork and Dublin in Ireland. In these
areas, localised coastal eutroptiication from sewage input stimulates rapid growth of Ulva
and to alesser extent Enteromorpha, which are tfien cast up on beacties producing large
piles of decomposing weed. Mechanical removal of these by municipal auttiorities is
reguirecf, particularly in tourist areas to clear beaches of these unslgfitly drifts whictr can
c a u s e o f f e n s i v e s m e l l s .

ffie green seaweeds show less distinct zonation on the shore than other seaweeds.
Enteromorpha species are common at all shore levels, wtiile Ulva species extend from
the mid-shore right down to the subtidal. Overall, one can say that the green seaweeds
have agreater aptitude for life in shallow waters (but can be found in deep waters also),
while brown algae preferably occur at deptfis down to f5metres and red algae have ttie
greatest propensity of the three for living in deeper waters.
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Ulva rigida
C o m m o n n a m e s

Eng!!3h: Sea !ettuce.

Gael!ge: G!asán (gene٢!ca!!y app!!ed to any Ulva)

D i s t r i b u t i o n

Ulva rigida is found worldwide in sheltered to moderately exposed situations on rocks,
submerged structures, and in pools and shallow waters near low watermark. Along with
other species of the genus, it ttirives in brackish water with organic enrichment. It is
found commonly on all Irish coasts but is particularly common on sheltered or moder-
ately exposed shores.

U l v a r i g i d a ؟ \ ة . ةة

D e s c r i p t i o n
Ulva is alarge genus of marine and brackish water green algae. It is edible and plants
are often known as Sea lettuce, the thallus is flat and blade-like and is composed of two
layers of cells, there is no differentiation into tissues; all the cells of the plant are more
or less similar except for the basal cells, wtiicti are elongated to form attachment rhi-
zoids. Itie two most common Ulva species in Irish waters are probably ٧. rigida and ٧.
l a c t u c a .

fhe thin wafting fronds of ٧. rigida (Fig. 35), and other species of Ulva, when water-
borne, resembles lettuce leaves, hence the name 'Sea-lettuce'. Plants are generally pale
green when young, bright green when mature, and dark green when old.

٧. rigida may be up to 45 cm long with aperennial holdfast, ftie fronds are often as
broad as they are long, are of irregular stiape, very thin, membranous, and growing in
bunches. Ulva is easily torn loose from substratum accumulating in large drifting mass-
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es or casi up on the beach. It is likely that between 5-7 species of Ulva occur in Iristi
waters but further studies are required.

While Ulva has atheoretical life tiistory in which gametophytes and sporophytes alter-
nate in acycle, most populations reproduce by asexual zoospores, often released in a
lunar or semi-lunar cycle.

Harvesting and commercial uses
Ulva is another sea vegetable used in ttie preparation of sea-vegetable salads. Drifting
plants can be harvested if fresti but care should be exercised in using plants from har-
bours and industrialised areas. Fresti plants are rather coarse and tough in texture and
should be dried and chopped. As well as amain constituent of sea vegetable salads Ulva
is also used in soups and cooked with ottier vegetables, fish and meat dishes. It can be
used fresh or wastied in seawater and dried. Currently in Ireland, only one or two sea-
vegetable processors are using dried Ulva as part of adried sea-vegetable mix sold in
50g packages. Young tender plants are harvested in Spring for taste and early Summer
for tiigti vitamin ccontent.

As mentioned above, blooms of Ulva can be anuisance in nutrient-enriched areas close
to sewage outfalls. Cork Harbour, Dublin Bay and Belfast lough all have populations of
Ulva that often grow rapidly in the Summer covering large areas of mudflats. These so-
called green tides are especially troublesome wtien they start to decompose as the
unpleasant odours that result can negatively impact on the amenity value of beaches
and require clearing up by the local authorities. In Brazil, coastal farmers use manure
made from gattiered Ulva species mixed witti ottier seaweeds. In Dublin, seaweed from
Dollymoun't and Sandymount strands is either sent for composting or to landfill by the
local authority depending on ttie degree of tainting.

Nutritional analysis
٧٠ rigida contains high levels of iron. Vit. Β12, manganese and magnesium. Anutrition-
al analysis is given below (Table 11).

Table 11. Nutritional analysis of Ulva rigida.

P r o t e i n 1 5 - 2 5 . / .
F a t 0 . 6 - 1٠ /٥

Carbohydrates 4 2 - 4 6٠ / °

Magnesium 2 . 8 ° /٥
V i t a m i n A 4 2 8 6
V i t a m i n c - p p m
V i t a m i n Β 3 98 ppm
V i t a m i n Β 1 2 бррт
C a l c i u m 7 3 0 0

I o d i n e 240 ppm
I r o n 870-1370 ppm
Manganese 347 ppm
S o d i u m 1 . 1 ؛ .

P o t a s s i u m 0.7٠/٥
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Enteromorpha intestinalis and Enteromorpha compressa
C o m m o n n a m e s

Eng!lsh: Sea Grass

Gael!ge: G!asán, Linea؛! Ghorm.

D i s t r i b u t ! o n

-genus Enteromorpha is extremely common. Anyone who has slipped on green sea ً 6ا!ا
weed on boat slipways has already encountered it. Plants consist of very similar green
seaweeds on all shore levels, found in bright green mats around the whole of the Irish
coast, Europe and North America. Enteromorpha is present on awide variety of sub-
strata including rocks, estuary mudbanks, muddy sandflats, slipways, harbour walls and
In sfieltered pools. It is commonly found In brackish areas, near frestiwater inflows and
in the splash zone above the fligti water mark. Rapid growth occurs in Winter and Spring
so that it forms athick green carpet by early Summer. Lengths often break off and float
in intertidal pools or in the sea wtiere they are inevitably cast up onto shores by the tide.

D e s c r i p t i o n
f١٨ro similar species are widely distributed in Ireland, Enteromorpha compressa (Fig. 36),
and E. intestinalis. Both are mid to bright green with amaximum length of f5-30 cm.
E. compressa fronds are usually flattened and less than 5mm broad witti abranctied
appearance. It is very common on all shores. E. intestinalis is more common in brackish
sheltered waters and is often inflated like alarge intestine.

-
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Enteromorpha compressa on ‘coral’ sand (cast-up maërl particles).Fig. 36
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compressa but areع he fronds of £. intestinalis are norma!!y broader than those ofًا
nipped !n at irregu!ar interva!s a!ong the!r !ength and swe!! with gas during growth.
£intestinalis is remarkably tolerant of low salinities and is often found growing in fresti-
water. Botti species are used for the same applications.

The flat limestone terraces of ttie South West coasts of all three Aran Islands, particu-
larly wtiere freshwater seeps out along cracks, are covered with spectacular large car-
pets of Enteromorpha that bleach white during the Summer months.

Harvesting and commercial uses
Despite the abundant resources of this seaweed around ttie Irish coast there has been
little use of Enteromorpha in Ireland beyond some small-scale drying as asea-veg-
etable, and use as fertiliser wtien mixed in with total drift. However, given that in Asia
Enteromorpha is farmed on netting and widely sold as Green nori, there is potential for
its commercial exploitation as asea-vegetable in Ireland and for the export market to
Europe. Ttiere is some usage currently in France.

Enteromorpha is eaten raw as asalad in many parts of the world. It is also sun dried,
toasted or roasted, and crumbled into afine flakes or powder to be used in cooking in
the same manner as any herb. In Brazil, botti Enteromorpha and Ulva species are used
as manure by coastal farmers.

tike Ulva, its mass appearance can be aconseguence of coastal eutrophication, espe-
daily in the vicinity of seaside towns. It is regarded as anuisance when large drifts
appear and decompose on tourist beaches, reguiring action by local authorities to
remove it. As aconseguence of ttiese unsightly drifts in proximity to towns, outfalls, etc.,
Enteromorpha abundance is often used as an indicator of eutroptiication, and pollution.
This assumption is not necessarily correct as Enteromorpha spp. grow egually well in
areas of clean water with strong currents, which may have asimilar effect of supplying
large amounts of nutrients.

N u t r i t i o n a l a n a l y s i s
Enteromorpha species have ahigh content of magnesium, sodium and iron along with
many other trace elements and vitamins. Anutritional analysis is given below (Table 12).

Table 12. Nutritional analysis of Enteromorpha spp.

P r o t e i n 1 0 - 1 8٥ /٥
F a t 0 . 5 - 1 . 7٥ /٥

Gbohydrates 4 8٥ /٥

V i t a m i n c 40-122 ppm
C a l c i u m รั๊00-9400 ppm
I o d i n e 70 ppm
I r o n 152 ppm
Magnesium 2 . 6 - 2 . 8٠ /٥

M a n g a n e s e ppm 12-ذ
S o d i u m 7 . 3 - 8 . 4 . / .
P o t a s s i u m 0 . 7٠ /٥
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Coď.um fragile
C o m m o n n a m e s

English: Fleece, Sponge seaweed. Sponge-weed, Green sea velvet. Sponge tang.

Gaeilge: SpUinse.

D i s t r i b u t i o n

Codium fragile is relatively common in upper and mid-shore rock pools of sheltered
areas of rocky coasts of Europe and the Southern coasts of North America, as well as
Australia, fwo subspecies of c. fragile have been introduced, pertiaps by shipping, into
Ireland: subspecies atlanticum before f8٥0 and subspecies tomentosum before 1930. A
number of these subspecies have been introduced, probably from Japan, all around the
world. In some places it tias proved to be apest, fouling shellfish beds and harbours but
no sucti problems have thus far been recorded in Ireland.

D e s c r i p t i o n
c. fragile plants (Fig. 37) are deep green in colour and up to 45 cm in length, there are
numerous thin branches dividing dichotomous with adistinctive waterlogged spongy tex-
ture and felt-like appearance.

Ĩ .

. C o d i u m t r a g l t eโใ3.لآ\؟
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Harvesting and commercial uses
At present, Codium is rarely used in Ireland but this situation may ctiange as palates
evolve and people experiment with awider range of sea-vegetables. It is used in Asia
mainly as afood when fresh and is also used in adried state to make tea. It is added to
soups whole and chopped when dry into other disties. Sustainable harvesting or agua-
culture of Codium for export may tiave potential in the future if amarket were to be iden-
t i t l e d .

Codium contains tiigti levels of agaropectin, agel-forming substance. As aresult of the
acute energy crisis in ttie I970's there was astrong impetus for research in the US into
the concept of marine seaweed farms as asource of sustainable bio-fuel. At the time c.
fragile along with Gracilaria spp. and Laminaria saccharina were cultivated in trials to pro-
vide ttie biomass for the bioconversion process. Since then, natural gas supplies have
stabilised so work in this field has continued in the US at aresearch level rattier than witti
immediate industrial implementation in mind.

Nutritional analysis
Codium contains high levels of iron. It also contains sugar, some starch, and trace ele-
ments and is similar in nutrient contents as previously described for Ulva and
Enteromorpha spp.

Bio-remedial applications of Seaweed aquaculture
fhe regular removal of farmed or natural seaweed biomass from bays would seem an
effective way to tielp reduce the damaging effects caused by the high nutrient loads in
Ireland’s coastal seas. Abasic requirement for seaweed growth, in addition to the fun-
damental requirement for light, is areadily available source of nutrients. Nutrients are
readily available in coastal waters as aconsequence of land and municipal runoff and
are often strongly concentrated in semi-enclosed water bodies to the extent that harmful
eutrophication can occur. Impacting negatively on aquaculture and other marine activi-
ties in ttiose areas, fhe unique ability of seaweed to mop up waste nutrients from vari-
ous sources by converting it to frond growth has favourable implications for these situa-
tions with the added advantage that acrop of commercial value is produced, fhe culti-
vation and regular tiarvesting of commercially valuable seaweeds in the eutrophicated
neighbourhood of bays and near fishfarms could be effectively used to recycle waste
nutrients originating from municipal waste as well as fish excretion and waste feed pel-
lets from fistifarming sites.

The dual benefits of such asystem are acleaner marine environment with an addition-
al seaweed crop of value representing adiversification of aquaculture effort.
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Glossary of terms used in the text
Agar: Сотте٢с!а!!у ٧a!uab!e phyءocoااo^d extracted from certa!n red a!gae (ma!n!y
Gelidium and Gracilaria spp.), w!de!y used in food, and pharmaceut!ca! !ndustry. !n par-
tاcuاar, agar !s used as age!!!ng agent in jams, je!!!es and canned food. A!S0 used as a
cuًاtนre med!um !n т!с٢оЬ؛о!оду where it is known as agar-agar.

Atgae: D؛verse assemb!age of primitive p!ant-!!ke organisms ranging from unicellular
planktonic species to large benthic seaweeds. All lack true roots, stems and leaves and
none produce flowers or seeds.

Algal bloom: Sudden increase in phytoplankton population, normally during the
Summer and early Autumn, brought about mainly by abundant supply of nutrients due to
favourable environmental conditions and perhaps by heavy anthropogenic inputs of
nutrients. In this case, zooplankton (as grazers of phytoplankton), cannot keep up with
the sudden increase in phytoplankton population resulting in the formation of an algal
bloom. Blooms are becoming more common in Iristi coastal waters where they tiave
caused tiarvesting bans of shellfish in many bays during early Autumn.

Alginate: Commercially valuable phycocolloid extracted from brown seaweeds, asalt of
alginle acid. Found in cell walls of brown algae where it gives stiffness in the same way
ttiat cellulose does in land plants. Extracted from brown seaweeds such as Laminaria
digitata, L. hyperborea aná Ascophyllum nodosum and purified into alginate powders for
use in agreat number of food, medical, cosmetic and industrial applications.

Algotherapy: therapy involving seaweeds, usually in ttie form of seaweed baths, wraps,
face masks or paste applications.

Annual: Aplant that completes its life cycle in one year or less; for example most plants
٠١  Himanthatia etongata.
B i o c o n v e r s i o n : I t i e c o n v e r s i o n o f a s u b s t a n c e i n t o a n o t h e r s u b s t a n c e a s a r e s u l t o f b i o -

logical activity. For example, the production of methane gas from Laminaria digitata.

Biomass: the total weight of organisms in agiven environment.

Carageenan: Commercially valuable phycoccolloid extracted from red seaweeds sucti
as Chondrus, Mastocarpus, Eucheuma and Kappaphycus. this polysacctiaride is used
in many food and industrial applications, including canned pet-food and ice-cream.
Because of its lower cost, carrageenan has replaced agar in some foodstuffs.

Cellulose: type of polysaccharide that acts as the main constituent of plant cell walls.

Chimera: An organism consisting of at least two genetically different kinds of tissue as
aresult of mutation or grafting, etc. In the case of wracks, two different species can grow
together as one entity.

Chloroptiyll: this is the fundamental green pigment that carries out virtually all photo-
synthesis.

Conceptacle: fhe cavity that contains the reproductive tissue In some wracks.

Coralline: Aterm referring to some members of ttie red algae (Rhodophyta), which
become encrusted with lime. Examples of coralline algae are the madri species.

Dichotomous: Branching by repeated divisions into two egual parts.

Distal: Situated fart liest from ttie point of attacliment, i.e. the end or tip of the frond.
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Dominant: Aspecies that is particularly abundant or more prevalent than others, wtien
importance or prevalence is sliared between two or more species, they are called CO-
d o m i n a n t s .

Ecotype: ttie product arising as aresponse of agenotype of an organism to the partie-
u l a r t i a b i t a t i n w t l i c t i i t l i v e d .

Epipti^e: Aplant ttiat grows attached to another and uses It solely for the purposes of
support. Epiphytes are non-parasitic.

Eutrophication: Aprocess by which pollutants cause abody of water to become over-
rich in organic and mineral nutrients, so that various organisms grow rapidly and deplete
the oxygen supply.

Frond: the blade or main leaf-like part of seaweed. It often bears the reproductive cells,
for example, the receptacles at the tips of Fucus vesiculosus fronds.

Gametophyte: That part of the life-cycle that gives rise to the sex cells which on form-
ing produce the sporophyte phase.

Genotype: The genetic make-up of an individual.

Habitat: Ttie kind of place in which aplant is found growing.

Herbivores; Grazing animals that solely eat plant material, in this case seaweed, sucti
as periwinkles, sea urchins, abalone and limpets.

Iridescent: Frond surface reflecting light as ablue or green sheen when submerged,
very noticeable in submerged Chondrus crispus. It may be warning off grazing animals.

Midrib; Acontinuation of the stipe visible as aprominent line running along the length of
t h e f r o n d i n i t s m i d d l e .

Morphology: The shape, general appearance or form of an organism. Within the same
seaweed species the morphology can vary considerably depending on ttie nature of the
environment it intiabits. For example. Carrageen moss found in sheltered areas is short,
much branched and bushy, while in exposed habitats the same species is longer, nar-
rower and sparsely branctied.

Perennial: Aplant that continues to live for several years, though parts of it may die back
or be shed periodically.

Photosynthesis: Ttie process by which plants convert carbon dioxide and water into
food for themselves using ttie energy of llgtit absorbed by photosynthetic pigments with
the release of oxygen.

Phycocolloids: Phycocolloids have the ability to give viscosity, gel strengtti and stabili-
ty to aqueous mixtures, solutions and emulsions and are used in ttie food and pharma-
ceutical industries, seaweed phycocolloids are polysacctiarides.

Polymers: Compounds such as starch or alginate ttiat tiave large molecules made up of
many relatively simple repeated units. Polymers can also be synthetic compounds, such
as Perspex.

Polysaccharide: Atype of polymer in the form of alarge carbohydrate molecule.
Polysaccharides are important as storage molecules (such as starch) and as reinforcing
materials (cellulose and alginates) in plants and algae. tJseful polysaccharides extract-
ed from brown seaweeds are alginate, while agars and carrageenans are extracted from
r e d s e a w e e d s .
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Receptac.e: ً .he swol!en tip of afrond branch carry!ng the reproductive organsا
Rhizoid: Ahair-like structure ttiat functions as aroot, penetrating asubstance, giving
anchorage and absorbing nutrients.

SACs: Special Area of Conservation, marine and terrestrial conservation areas protect-
ed by EU environmental directive.

Scour: Cleaning by rubbing with sometfiing rough. In this case the action of waves
throwing abrasive particles such as sand against rocks. In colder climates, ttie attrition
of ice floes against rock causes severe ice scour leaving certain levels of ttie shore bare
o f s e a w e e d c o v e r .

Spore: hlormally amicroscopic asexual reproductive body in plants produced by either
fiaploid or diploid generations.

Sporophyte: fhe stage in the lifecycle during which spores are produced.

Stipe: The stalk or stem-like portion of the seaweed.

Stolon or runner: Along slender stem running along the surface of the ground, whose
function is to allow vegetative propagation in an area.

Substratum: Adescription of the shore or objects on wfiicfi seaweed are attached, i.e.
rock, mussel shells, stones. Unsuitable substratum for attachment of most seaweed
w o u l d b e u n s t a b l e m a t e r i a l s u c h a s s a n d o r m u d . N o t t o b e c o n f u s e d w i t h ' s u b s t r a t e '

which is actiemistry term. Plural is substrata.

Tetrasporophyte: Diploid ptiase of some algal life cycles that forms an independent
plant, e.g.i the Falkenbergia-pfiase of Asparagopsis.

Thalassotherapy: Therapy involving the sea. consisting of using seafood, sea air. sea-
water, algottierapy etc. Well established on the continent where top-class thalassother-
apy centres operate largely along the French Atlantic coast. Now becoming popular in
I r e l a n d .

Thallus: Ttie whole plant body in seaweeds, which shows no differentiation into holdfast,
stipe and frond.

Turbidity: Ameasure of the suspended matter in water, which causes it to be cloudy and
cuts down on the liglit transmitted ttirough water, levels of turbidity and water type play
an important part in determining the depth to which seaweeds can grow, light penetra-
tion is poor in very turbid waters and hence seaweeds will only be found in shallow
waters. In clear waters of low turbidity, sucfi as the Bahamas, certain seaweeds can be
found growing to depttis in excess of 250 m.

Xylan: Polysaccharide occurring in the cell walls of some algae.

Zonation; Ttie division of an area into zones that experience particular physical condi-
tions. This is particularly clear in ttie distribution of animals and plants on the rocky
seashore, where, for example the sublittoral zone (below low water mark) is followed by
the lower shore, middle shore, upper shore and splash zone, each with their character-
istic flora and fauna. The brown seaweeds show the most distinct pattern of zonation.

Zoospore: An asexual spore that moves indepentently using flagella (whip-like hairs).

Zygote: The fertilised ovum before developing further.
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