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PREPARATION OF THIS DOCUMENT

This paper is a revision of "A Preliminary Appraisal of World Seaweed Resources',
published as FAO Fisheries Circular No. 128, 1971, by G. Michanek, then of Marine Biology
and Environment Branch, Fishery Resouroes Division, Department of Fisheriem, FAO, Rome.

Support for the work of Dre. Michanek (who is now at the Marine Botanical Institute,
Gothenburg, Sweden) has been reoeived from the FAO/UNEP Projeot on Monitoring of Environ-
mental Effeots on Marine World Fishery Rescurces.
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INTRODUCTION

This review of the seawaed resouroes of the world is part of a continuing programne of
evaluating the resouroes from the sea of foord, in a wide sense. These studies of the
potential harvest are an important step towards the hetter planning of the proper uses and
management of these resouroes. The area breskdown is that used by FAO in oompiling and
publishing fishery statistios (eee ohart at end).

Quantitative studies of seuweeds are muoh rarer than those of fish stoocks. The exoep-
tione ocould be indioated by a few mpots on the world map - the southwest comst of Norway,
Sootland, Nova Sootia, the Californian kelp beda. The rest of the map is a blank space,
This review 1is a firet attempt to fill that 8paoe, but is primurily a challenge to field
phyoologists to produce the date from whioh a better evaluation of the world's seaweed
resouroes oan be made.

Sinoe this study conoentrates on remource ussessment, the potential harvest, and
related quantitative studies, less emphusis has been given to studies on relative distiibu-
tion, seasonal variation, mode of reproduction, eto. wxoept where these are of direot
interest to present or future utilization. However, for the areas for whioh suitable
quantitative data are not yet available, eocological and similar information has been used
to give an idea of the structure and composition of the flora, and thus provide a first
approximation to the potential harvest.

Any study of this kind must distinguish between biomass (or standing sticks) on the
one hand and production or potential harvest on the other; further, a distinction needs
to he made between the theorctically attainable harvest and that which ie feasible in the
light of praotical and economio constituents.

Locally we often nee the riohest kelp pustures on plumb battered rooks, where no boat
can stay in the breskers, or in the surf area, where no diver can find a holdfaat.
Uninhabited arctic and cold temperate areas may be extremely rich in biomass, but even if
ocollectors could be flown in from distant places, the transport oosts for untreated sea-
weed or partly processed product put the resouroe out of all competition.

Rockweed of the genera Fucus and Cystoseira are among the rioheat produceras if we
estimate the bulk of seaweed in the ocoean, but it is not yet solved how to use them. We
know that oertain laboratorieus study this problem, but have not yet seen their results
being applied on on industrial scale. The same could be said about turtle grass, eel grass
and other phanerogams, and mass occurrences of protein-rich Caulerpa green algae. A hind-
rance for the utilization of seaweeds in most areas is that they do not ocour in single
gpecies stands but extremely mixed and entangled, often as epiphytes o1 each other.

Taken as a whole, veaweed resourcea are not greatly exploited. The potential for
increasing the seaweed harvest depends as muoh on economioc factors ~ the demsnd for the
produots and the coste of harvesting and processing - as on the overall biologioal produc-
tion. Asvuning no great ohanges - i.e. oonsidering only the seaweed orops that oconsist of
n nufficiently rich occurrence of a commercially attraotive smpecies occurring in areas whera
they can be really harvested, processed and marketed - the global production of the most
important group, the red algae, could be inoreased by about 50 percent, The biomass
of kelp and rookweed beds would permit a tweniyfold inorease in utilization of brown
algae.

Several faotors oould act to support sven greater expansion. On the produ :tinn nide
geaweed harvesting oan be lubour-intensive; this could ba a great advantags in Lhe numes .. 3
developing countries where unemployment, and under--employment, are growing rocial problens
On the marketing side, the oontinuing growth of world population will produoe an increase
in demand not only for direct food but also for the various other produots in which many
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seaweeds are rich. The possibilities for expansion may be judged by the temporary boom of
seaweed industries in many parts of tke world in the early 1940s, when looal seawveed produo-~
tion expanded to fill the gap left by the failure of supplies from abrosd. Under suoh
ohangec balanoe of supply and demand a tenfold inorasee in rresent world harvest would not

be unreaiistio.

It is not tne aim of this review to deal in detail with the teohnioal and economio
aspeots of the prooessing and marketing of seaweeds, whioh have been discussed extensively
olsswhere. Commeroial produots from seaweeds are enoyolopedioally treated in Levring,

Hopve and Sohmid (1969). Another section of the same handbook takes into separate oon-
sideration those species ~_ seaweeds which are of interest as raw material or foodstuff.
Further referenoes can be found in n3eleoted Bibliography on Algae", issued by Nova Sootia
Research Foundation, P.0O. Box 790, Dartmouth, Nova Sootia. This has appeared with 13
numbers oontaining references to scientifio, technioal and popular literature inc® :ding
most valuable seotions on oultivation, utilization, eoonomy, industrial methods ana patents.

The eonnomic and oommercial aspects of geawaad utilization have been subject to
remarkably fe' published investigations as compared to ecological and biochemical agpeots.
Haken (1958) gave & brief aooount of the major seaweed product industries in the mid-19508}
a more recent review of the major seaweed products and their origin with data on industries
and value was preparel by Siiverthorne and Sorenaen (1971).

Information on seaweed irade, prices, market trends and technical literature is
regularly reported by International Seaweed Exchange, 24 Southwark Street, London, SE1 iTU,
in a market information bulletin, mainly intended for sellers and buyers trarsaoting through
the Exchange.

The Department of Fisheries of FAO is presently undertaking a comprehensive review of
the economic and oommeroial potential of the world's algaic rosources, to be published as
one of its Commodity Study seriesj the study will examine trends in the produntion of sea-
wesds and seaweed products, their utilirzation, trade and oonsumption. In presenting per-
speotives of likely future demand for such produots it will iry to indioate poasible
opportunitiee, partioularly in the developing oountriea, for aohieving higher levels of
production and utilization.

A revision and updating of figures and gtatements in this paper ias foreseen. Readers
are invited to send any comments and proposals to Aquatic Resources Survey and Evaluation
Service, Fishery Resources and Environment Division, FAO, Rome, Iialy, or directly to the

author.
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FISHING AREA 18 s ARCTIC SEA

The Arotio Sea is not very homepitable for algal growth. FEven when the shore waters
are temporarily free from covering ice, ice floes are grinding on the shoreline during
part of this time. Big riverr and melting snow cften dilute shore waters and cause great
variations in salinity. At low tide shores may be exporsdi to very low temperaturea,
3ilt deposits cover the bottoms of vast areas. Therefore, the greatest maas of Arotioc
marine vegetation lies between depths of 10-25% m, whereas in *euperate waters most of
the vegetation lies above 15 m (Wilce, 1967).

1« U.S.5.Re

In the Kara Sea, Kjellman (1877) found 2v sproies among which three laminar. an and
one Fucus. The Laminaria species reacheds

L. solidungula 18 om
L. saccharinu (ams L. agardhii) 267 cm
L. digitata 197 om

The littoral had no algae, not sven when the bottom was favourable with rooks or
boulders. The sublittoral findings were "unusually luxuriant". Conditions are somewhat
better in the eastern parts of the Kara Sea at Tojmyr Island and further east in the
East Siberian Sea,

2. Alaska

The absenoce of macroscopic benthic algas is the most atriking feature of{ the marine
biota of Point Barrow, the northermmosi point of Alaaka's north coast, accoriing to Mohr,
Wilimovskii and Dawson (1957). Thin is directly connected with the presence «f gediments.
There are howe.~r exceptions and the authors have examined r kelp bed near ;1°N dominated
by Laminaria solidungula (jublished as Phyllaria dermatodea). Laminaria saccharina and
Desmarestia viridis were aleso abundant. The deeper part of the bed was ocoupied by red
algae. One of thene, Phycodrys ninuonn, wns aloo ctrewn on the beach in large quantities
after a week of heavy nrens,

3. Canada

Ungava Bay, oast of Hudnon PBay, ic desoribed by Wilce {1959). It has a tidal
amplitude of 13 m. Extencive mud flailn are covered with wilt. Large numbers of
individuals of a few npecien of ireen and blue—green algae form a low continuous turf.
Shrltered niches angociated with the mud flats support meagre populniions of Fucus
vesioulosus, F. diastichue, Aucophyvllvm, and temporarily rich populations of many annual
green and brown aleae. In protected shallows the Lulk of the vegctation is formed by
Ascophyllum nodosum, Fucus distichus and F. veniculosua. (n moderately exposed coasts
the intertidal rocks are covered Ly Fuous dintichus evanescens  Chordaria flagelliformis
nmay completely dominate the lownr shore and upver sublittoral where this is uninhabited
by large perennials. In the aublittorals of these moderately exposed coasto, Wilce found
immenee kelp in large and often dincretn beds, forming veritable forests of vegetation,
the bulk of which conmistno of Laminaria longricrurie 10-12 m long. On fully exposed coasts
the movements of the ice floes and water prohibit extensive plant growth in the littoral.

The sublittoral of exponed consts in dominated by large populations of tha .13 u -
ians Agarum, Laminaria and Alaria. OSeveral red algan, e.q. Kallymenin ochmitzli, ocou:
in considerable umounts. Ao a [ifth habitat ~ o6 Wilce describes the low 11Ftora' tide
pools which are denmely colonized bty [ucus dis..chus and towards the bottom by small kelp
of which Laminaria nigripes, L. saocharina and Alaria grandifolia constitute the
"nigripes" assooiation. Up the mouth of a river in tha gsonthermmost part of the bay,
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the pool vegetation was doaminated by Cladophora glauoesoens and Calothrix socpulorum and
slso oontained other amval eurybaline green and blue-green algee. (Of the species
mentioned, Leminaria digitata and L. nigg;ggs are subarotio and do not ooour in the true

S ———

arotio from a biogeographio point of view.

CORCLUSION

Nost of the Arotio Sea does not provide acoommodation for seawoed resources in harvest—
able quantities. In a few favoured places considerable amounts ocour, but at present it

would be very hard to harvest them, Weather oonditions and available labour are unfavour-
able and a possi le harvesti would have to be transported over long distances.
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FISHING AREA 21 : NORTHWEST ATLANTIC

Follouing the Iiilewaational Cownission for {the Northwest Atlantic Fisheries (ICNAF)
thig water aren is divided into five subareas as followst

1. VHoul Grasenlaeud

2. labeodor

3. Newfcundluud

4. Nova Scotia ot (ull of Ste Lawrence
5¢ New Biagland

A sixth aren has besy sdded slatisticwlly (faoultatively) .- the Chesapeake area.

Hnrvesting of natural resources of seaweeds, mainly Chondrus, and the prooessing of
carrageenan is rapidly developing in the Atlantio provinces of Canada. The landed value .
of seaweeds in subareas 3} and 4 is appraximately U.S.83 million. In 1968 the oarrageenan
produced was worth 11.5.811 million.

1. West Greenland

No records on standing crops. According to Lund (1959, 1959a), 153 species of
benthic algae are recorded from West Creenland (48 green, 60 brown and 45 rec algae).
Among these are seven kelp and three rockweed speoies: Sacoocshiza dermatodea, Laminaria
golidunsule, L. groenlandica, L. longicruris, L. nigripes, Agarum oribrosum, Alaria pylaii,
Fuocus vesiculosus, F. distichus ani Ascophyllum nodosum, Five of these hav: been
recorded north of 80N, Ascophyllum commonly ocours south of 679N, where it would
constitute a potential resouroe. The Eskimoes are reported to use young shoots of
Ascophyllum as a dietary supplement (Baardseth, 1970).

Butimoten oi algel mous ere glven by Wilce (1963) but only in a relative way.
According to hiu tigure, the littoral ulgue of K'anak at 76°30'N on West Greenland amount
to 12 percent of the #lpal mass at Halifax and Bergen, and the sublittoral algae amount
to 28 percent, 1f, in order to obtain quantities from these relative figures, we estimate
the wet welght of the algae of Halifax and Bergen to average 10 kg/m in the littoral and
15 kg/m2 in the sublittoral, we get roughly:

Wet weight kp/m? Litoral Sublittoral
K'anak 769307 1.2 4.2
Godhavn 70° 2 T+5
Baffin leland 70° (Area 18) 1.1 3.3
Port Burwell 60°25' (Area 18) 4.4 9.2

It mist be borne in mind, however, that Wilce's staple diagram "Eotimates of Algal
Mass" is not retferred to any measurements and is presumably meant 1o express his personal
impressions only. I would not bave tried to recalculate these impressions into figures
3f they had not beon the only indications on the possible sigze of algal quantities in
arotic waters which I have seen in the literature.

2e Iabrador

No quantitstive records are available. An excellent description of the physioal
characterintics of the aroa and the ecology and distribution of the algae is given by
Wilce (1959), alreudy quoted in the Arctio Sea chapter (p. 3). Wilce reports his
observations according to habitat types and does not differentiate batwesn geographic
arcas. More than any othor single factor, the Labrador Current flowing southward along
the Labrador coant produces the greatest effect on the 1life, both marine and terrestrial,
of this area. The geasonal influx of freosh water through May and June freshens and raises
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the temperature of the surface layors of the fjords (®egs Hebron Fjord). This is the main
reason for the lack of marine life in the 1ittoral and upper sublittoral of the relatively
quiet bays and fjords. Many suoh areas are nlmost oompletely devoid of algae and have the
appearance of a freshwater lake shore. In protected shorce there is a Fucus belt followed

by Asoophyllum.

Moderately exposed coasts are richest in speoies, many of them annual., There are a
few potentially useful spocies, Fucus vepioulosus and ¥. distichus, no Ascophyllum, and
gome Laminaria longioruris. By dvedging, Wiloe found areas of nlmost pure standa of Agarum
oribrosum in Okak Day and Sacoorhiza dermatodea in Nutak Bay. Fully exposed coasts support
meagre populations of algae. Deepwater communities are the largest. The dominant algae
are Laminaria nigripes and Alaria ggggdifolia. Among the most prevalent red algae are
Halosaooion ramentaceum and Rhodymenia palmata which can be eaten or used for fodder. In
tide pools there are Fucus 8pp.

3. Newfoundland
There are no quantitative envimates.

The first attempt to survey the geawead resources of Newfoundland was made by Humm
(1948, 1950), who examined many of the mecre aocessible areas of the east ocoast including
the Avalon and Burin Peninsulas. Subpsequent collections and surveys include those of
Wilce (1959), who collected at four locaticns on the west coast and described the ecology
of the west ooast of Newfoundland in the Gulf of St. Lawrence;j H. Lilly (1965), who
examined much of the west coast for exploitable beds of Chondrus crispus; Lec (1968, 1969)
who oollected algae at various places on the Avalon Paningula and in Port au Port Bays
Ge Lilly (1968), who examired some aspeots of the ecology of Chondrus crispus and assooiated
geaweeds at several places around Newfoundlard; Mathieson, Dawes and Humm :1969) who listed
a total of 155 species of marine algaee South (1970) has produced a checklist of marine
algae from Newfoundland, lLabrador and the French Islands of St. Pierre and Miquelon in
which are listed -~ total of 211 species and subspecies. For the entive eantern coast of
Canada the toial is 371 taxa, congisting of 157 Rhodophyceae, 127 Phaeophyceae and 87
Chlorophyoecae (South and Cardinal, 1970}.

The west coast of Newfoundland ig characterized by a limestons oubstrate, a flat
coastal relief and relatively high summer water temperaturea, and although ice cover is
often present during the winter, there is no severs exposure to ice movements (Wilce, 1959).
The east coaot is subject to much more severe gcouring by ice, generally cooler sea water
temperatures and extensive grazing by sea urchine, Strongylocentrotus droebachiensis.

These factors combine to eliminate the bulk of the mid-sublittoral vegetation on the east
and south coasts. The residual flora in such areas consists mostly of crustose corallines,
Agarum cribrosum, Denmarentia spp. and occasional small plants of other species in crevices
(Mathieson, Dawen and Humm, 1969). Laminaria opp., Alaria, Saccorhiza, Ptilota and Rhody-
menia are common and locally abundant .

Harvesting of Chondrus which, during a trial period in 194113 gave 13, T t and 5 t
respectively (Humm, 19485, has since 1968 been taken up again on the west coast. Humm
estimated the quantitiea of moss would be sufficient to warrant commercial utilization, but
not to the point of providing a factory with all its rnw material requirements.

Asoophyllum nodosum is present in what ocould be commercial quantities in many areas
and has been used as a fertiliser in numerous parte of tho island. South and Hill (19705

described extensive populations of the f-ee-living A. nodosum form machaii at 10 looalitien
in Newfoundland; the largest population of 0,25=0,3 Kk in extent occurs in B vhaita T

Extremely large quantities of the red alga Ptilota serratn ars found in the drift
along muoh of the Newfoundland coastline, espeoially aftor nutumn storms. These have baen
reforred to by Humm (1948), Templeman (1966) and Levring, Hoppe and Schmid (1969). To date
no suitable oommeroial uso has been found for this specioen. Othar RMhodophyta whose
commercial potential is at present undetermined include Rhodymondn palmata (dnlne) and
Halosaooion ramentaceum. The former speocies dons not occur in quantitien comparable
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with those, for example, in New Brunswiok and Nova Sootia. There is no traditional

dulse consumption in Newfoundland, and the olimutic conditions would not permit natural
drying of the plants, so the spacies Las not been commercially exploited. H. romentaceum
may oontain ocwueroially useful axtrmotives and ocoure aliundantly in the upper subtidal
and lower intertidal sones on rocky shores. The speoies is extreuely variable in shape
and gizc, depending on the coologloal oonditions. So far harvesting has not been attempted
on a comnuroial banis.

4. Nova Sootia and mlf of St. lLawronoe

Thie area is one of tho richest in sosweods in the world. Like Scotland, Norway,
Japan, Taswania (Australia), Chile and tha Paoifio doant of Cunade and U.8,A. it iu
characterized by rather aold waters whioh ars rioh in nutrients and by rocky shora,

For Rova Scotia fiehermen nenueced harvesting is an induntry worth more than U.S. 1 million
and is rapidly growing. Half n doreon oanored corporations are now buying in Nova Scotias
Four drying planta are located in the provinee. 3o far, howover, thero is only one
extraction plant, an algivate fnctory using Asoophyllum and Lenmineiia.

Since 1948, quantitative ourveys heve besn carried out in areas with great quantities
of seaweods and a large smount of infuimation is availuble; neverthaless it is still too
early to try and give the to%al biornna for the whole aren or even a total for its
harveotable resources.

The Fundy Approacheu are formed into a rich nrchipelago at the southwe t end of Fova
Scotia, with an oatimated coastline of 525 km {(in a bee=line 72 km)., A surv 'y by MaoFarlane
in 1952 showed that 225 km were harventable, baaring Bpproximately 200 000 t of rookweed,
mainly Ancophyllum. The averange dennity was 14 kg/m“. Laminaria bods in the area
totalling almoot 50 ki and bearing 900 000 t wers oharted, giving an average of 18.5 kg/mz.
From thene 1000-3000 t a year were exportod up to 1949,

Of all seasunnds in Cannda, "Irish moun", Chonding orispus, iu the moat . u; .rtant
commercially, In trnde it is somotimes confused with Gignrtinn stellata, frequently
ocalled "false" Irinh mowes, sometimen just inoludnd. BDath are row materials for the
oarrageenan industry. In the Canadian Atlantic, Lrish mome (with a small part of "false"
inoluded) oonatitutos approximately 86 peroent of the weight of all neaweeds harvasted
and accounts for 96 percent <l tho total value. In 1969 the landings nmounted to 18 568 ¢
or U.5.81.4 million in Hova Scotia, 23 540 t or U.S.$1.2 million in Prince Edward Island,
and 1 625 t or U.S.§1C0 000 in New Brunnwick (Ffrenoh, 1970).

The Irich rocs 1t luotry in most rreas han ovolved as an adjunot field of endsuvour to
the lobater fishery. However, the inoreased demand in the seaond half of the 19608 led to
a greater volume of moss being harvested. Market structure and behaviour were oomprehen-
aively atudied by Ffrench (1970). In the nouthwentern subarea of Nova Sootia, the Fundy
Approanches, the dennity varied from 5-12 kg/mz. Il was not poreible to eotimate the total
atanding crop in the havestable aroas. The main difficulty was that it often oocurred as
undergrovth to Laminaria.

The regrowth of harvested Chondrus populations han baen studied by Fouter (1955),
MacFarlane ?:952) and Mathieson and Burno (1975). Summer harvosts allowed regrowth to
oontrol level of biomass after 56 months, while comparable winter plots took a year or
more to reaoh oontrol levels. After total harvesting (only holdfust remaining) undertaken
in oummer it took approximatsly one year for regrowth to control level of biomans, and
oomparable winter plots took two years (Nathioson and Prince, 1971).

The northwont ooast of Nova Sootia faoing the Bay of Fundy in markedly differeat te
the dissected somi-~protected archipelago of the souihwesi. It has a remarkably etraigit
nhore line of basalt and sand. Certain areas with boulders are eapaoially diffioult to
harvest. Other obatucles for soientifio survoy as well as for commaroial harvesting are
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tho fow low-unter harbours and the high oliffn which make it impossible to reaoh the shore
at ocertnin stretchna. Bad weather and oconstnnt ocoan rolls from the Atlantic limit the

number of survey and burveating days.

The aive 3y [wdeus for itn tramamdous tides, whioh also oontribute to great turbulence
and turtiidity. A coautline of 298 km, wdjsuant to the fundy Appronchos, was surveyed by
Naokarlane in 19564 Ancovhyllum nnq Fuous pmountad to 80 000 t in a harvestable area of
10 km~, giving an sverngo of It ky/m . Jua utrip of 32 km thers wam estimated to be
8 000--10 000 ¢ of Laminarin (montly L. lonviorurin). The rent of thin unsheltered shore
offors no ragular uppnxtunltioe for huzvunhing and ths toial tonnnge was not ansessed.
Where laminaria grows on very atenp nides it way booome very thin and of little use,

The aninnriu Dopulntinn flnotuaten aonording to the grazing by the sea urchin population.
Other knlp Bpeoins in order of mbundance are: L. digitata, Alaria egouluta, _irUWLn
cribrouum (forming a fringa at the deapor edga of the Laminavia belt) and Ph lla. i
dermatoden. Outside tho Agarwn, .hert is often good hard bottom without menwendn owing
to soouring actions of sth carried by the currents.

In the Fundy Bay area Chondrus im replnoed by Gigartina stellnta. It oocurs in
exteusive brds batwesu the funoid and laminarian belts; the donsity varies from 5-15 kg/m
and the plant is enuily harvestnd at low watar of spring-tides.

The Atlantic conul of Nova Saotin in ntenp and expoond, with corntant ocean awell,
many protectad bayns, much granite and slate, and small tides (MncFarlane, 1961). On the
steep rocks thern in a eharply delimitad ronntion with atriking, almont pure. ntandn of
Chondrun betwasn low water neap. -tide and low water mpring-iide below fuocoids nd above
Corallina. Laminaria beds are narrov, and exc gt in a few areas harvesting in hazardous.

Edelntein, Craigie and Mclachlan  (1969) demoribe the sub'iftcral [lora. They found a
laminaria--Denmicestia senociation dova to 15 me.  Below 10 m an Aeprum-Ptilota nasoociation
dominntod and at 30-4U m a Phyllophorn . PUJIHthOhiH nanoeintion ie present. Mam (1972,
1972a) investigeied biomanmu, productivity and twmover in 5t. Margrret's Bay, with 129 km
shoreline and an average width of the meawveed bottoms of 369 m, Leminorin sppy rnd Agarum
oonstituted 83 perasnt of the semvand growth with a maximum density of 6 kp;/mé The total
biomnan per metrs of ahoreline averaged 1 481 kg fresh welght or 326 kg dry weight or 98 kg
carbon., The annual production per motre of shoreline wan aatimnted at 648 kg C, that is
6.6 timas the blomnua. The annual produotion of various cpeoies was 4 to 10 timuu the
gumner bicwasu, of laminnrians | to 10 4imen, Tho apparent ohanga in kelp cize was muoh
1ons than the tiue production, posuibly laminarians release 35 to 40 percent of their gross

production as disasolved orgmnioc matter.

Northumberland Chondrus, green in summer, dark in winter, ip diffi-ult to bleach
becaune of iron oxide in the repion. Most Chondrus occurs helow low ww.er, beyond spring
ice, and is usually augociated with Fucun perratun and [Furcellaria fnltigiatn. In
sholtered bays it iu largely replaced by thyllophora spp, and Trailiclla intrioata.
Laminarin digitata ig rare, Ascophyllum intrequent and Fucus merratig luxurim t, all in
contrant Lo the other parts of Nova Lcotia (MaoFarlane, 1961). According to Tneng (1947)
the eastern part of the mainland shores of the Northumberlend Itrait constituteo one of
the areas with the prentent quantities of Chondrus in Canadn. The badn of groatest densit-
ise axtend from 4.5 to 6 m, are uounlly about 100 m wide, and are nituated 200 or 300 m from
ashore. D3Suldden storna are frequent, capecially in late summor and autumn, tearing large
quantities of algne from the subotratum and oasting it ashore (MacFarlane, 1966).

The Prince Edward Inland harvoul of Chondrua in the largest in the Northionl Alla
Tn 1967 it amounted to 21 700 t wet weight (MmoFarlane, 1966); a amall poroentrs. of
Furoelleria is inoluded in this figure. In 1970 it amounted %o 30 GO v, or U, 81 .6 i 'on,
as compared to 14 GO0 t or U.3.31 million in Nova Scotia., Purveliaria is fowud 1n g
quantities in the eantern parts of Prince Fdward Island whero it has booome a valuable orop,
and 7 000-9 000 t a year are harvested (Idler, 1971, Christensen, 197 1), There are no
apsesaments of the atanding crop. An estimnted 11 500—13 500 t wai ualght of Irish moas is
harvested annually in P.E.I., according to Morrimon (1973), as oompared to 50 t in New
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Brunewiok. A<ReA. Paylor (1970, 1972, 1972a) investigated tha biology and ecology of Prince
Edward Island Chondrus populationa. Along one of hin established transeots he found

11 000 rronds per'EE for approximately 1 000 m in a neaward direction. The mean dry

veight per m“ was 426 4 104 g. With a oonversion faotor of 5 this would correspond to a
wet weight of 2.13 kg w?. Another transeot had approximately half this density.

Somo 200 t wet wolght of Rbolyruin (duluo; wers larvented in New Brunewiok in 1960
as conpared to 6 t in lNova Qootine daeng (1947) mentionn the ocoant from Riochibuoto to
Point Escuminao (mainland wast of Hout Point to lorth Point on P.E.l.) as ylelding
particularly a gront doal of Cheudruse Ilor 1970 yiguron in dry waight are given by Idler
(1971)¢ 25 t in iaw Brunswick wnd 145 t in Mova Socotia.

The New Drunawiok pide of the Bay of Funly han bown inventigated at two ntationn by
Colinvnux (1966) with tha mabn intorant ia voxrtionl xong 0. Tidal raplitudes were 9 m.
Much of the littoral wes onvpeled with Fnoun vanianlornn, often deainated by Amcops yllum
nodomun. The lowor littornl at Ut. Avdvewn wing obri-netorized by Chondrun oriopag, being
gonarally more ccrnon thon (Hroriing nbollnta ond froquently ocourring in rolativoly pure
strands. Rhodymenin was not mentloneds At Lepraau, Ininaria snocharina and fthodymenia

lmata were ai timon almont dominant in the lowver littar.). Colinvnrux ntates that
",,s porivdic dulme oropping disturbad nuaerous intertidal communitien" bt does not
explain this fusther.

At Grand Meuan, N.B., in the mouth of the Bay of Fundy, Rhodymenia (dulse) is
harvested along the rockn of a lagnon, sprond to dry in the sun, rolled up like a catrpet
and then proked in bags for dintribution. It is pricod at U.Su$95/kg (0411 e+ plo, 1960) ¢
Chondrus and Gigartinn resouroces wWoro mappad by AeReA. Taylor iu 1957,

In Charlotte County, W.B., inshore populationn of kelp wers curveyed to provide
information on distribution, abundauce mri harvestability of Lominarcia species suitable
for the production of kelp fovd. There in an vneatisfied demnnd for kombu in thue North
American health food market, wand orientrl cooking in @gaining in popularity. The
production of kowlu woe gugegastod for Grand Muvan inlend, where it would oc a useful
adjunct to the dulse jndustry. In preliminary tegto 1t wan found that o produot
satisfnotory for marketing but not pramium grade could be produced., The standing crop
of Laminarin appe wag eptimatod nt 13 000 t frosh welpht In the Grand Manan archipelago

(Neish, 1373, 1973).

A toohnologicnl progremwe to devoelop the soonomic ovltivation and impoundment
stratezy for tho low Brunmuiok dulue induntry waa cerrloed cut on Grand Manen (Applied
Marine Remearch Ltd., 1974)s Tankn of ferro-oement with V-bottoms and air agitation were
guccesofully used for vogetative proragrtion of dulme. The tanks olesnrsd dulse of 8ilt,
gand and epiphytee, uppraded duino whioh had been of poor quality or he3 been held in
burlap sacks for too long, nllownd dulae to grow and allowed for the regulation of raw

material flow through n pronenning faoility.

Along the north connt of the Baio den Chaleure (Ganpd, Provinos de Quévec) Cardinal
(1966) inveutigated eight stntions on the poouibility of harvesting Chondrus, but he
rsund only three of thene to hold quantities appropricto for a 1imited collection.

At Rividre du Loup, at the nouthennt olde of the St. Lowrence mouth, Cardinal
(peruonul oommunioations found 1 080 t/km aliore line of fucoidn, enpeoinlly Ascophyllum,.
Chondrus orispus does not occur in the 5%+ Iawrence eastunry.

Craigle (1972) olsssas Rhodymenia pnlmata, Furoellarin fastirdinta, Ascopny.lum nodosum
and laminaria longlioruris ao ondereutilizod seawcedo in the Cmwmarsn Atlantio. These
speoies offer poosibilities of fairly jmmodiate developmont. A nocond group «{ speaolinn
which require more extonsoiva repoarch and devolopment (ten years or more) inolude the
red algase Ahnfeltia plicata, Greoilaria foliifera, Phyllophora app. Polyides rotundus and
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Porphyra linearis as well as the browa algse Agarum oribrosum, Alaria esculenta, Fuous spp.,
Laminaria spp. and Stilophora rhizodes.

5«  New Englind

In contrant to the vrant of the U.S, vant ooast, New England, down to Boston, has
rocky shores, o rich archipelago and a boreal flora very similar fo that of Canada, Maine
ia known for » oonsidnvable hrrveat of Chondrusy in 1967 it was nearly 1 500 t wet weight
(MaoFarlane, 1968). An evaluation of the reaources has reoently been undertaken (vadas
and Ring, 1900; not seen). FPFfrench (1970) entimated the sustainable yield of mosa whioh
could be harvested ammuully in Maine at between 5 500 and 9 000 t wet weight.

irowth and reproduction of Gipartina piellata were astudied in New Hampshira %; Burns
and Mathicson (1972). At the moutﬁfnvournble lovela, +0.5-+1 m to zero tidal du! m point,
the Gigartina biowmase woo 78 kn/m“. Summoer harvent allows maximum regrowth if c.. o is
takon not to damape the holdfust. August harvest provided maximum biomass, and carefully
or moderalely harvested tha plots recovered in one year. OSevere harveeting In Aupust
sacrificed two aeamons of reproduction.

Intu on biomans are found in Conover's study (1998) on seasonal growth related to
environmental factors in a tidal estuary near Woods Hole. Here the standing crop of
benthic marine plants wan in oaxceon of 4 kg wet wnlnht/m‘ during July and August and less
than 1.5 kg in January. 0Oracilaria confervoides gave the higheat value for a single
speciea in July and Auguel wilh 243 and 3 kg/m€ reapectively.

Marine Colleido, Inc., probably the word's graeatest producer of seaweed extractas, has
a carraseenan plant in Rockland, Maine. This state has another of the world's six or eight
carrageenan {actories, Kraft Foods at Portland. Raw material im also import~1 from Canada.

The total harvest of Chondrus in the United States (Northwest Atlantic) anounted to
300t in 1968

6. The Chenapenke avon

The flora from nouthern New IEngland to New Jersey is principally boreal rather than
tropical in its affinitieas. There is a great change in the algal flora betweon New
Jeruey and North Carolinae The coastline of Delaware and Virginia is so sandy and
inhospitable to marine algae tnat few are vecorded from this region (Humm, 1969).

Moeller (1964) has entimated the ntanding orop of some marine plantn in Barnegat Bay,
New Jerany. In 44 ruadrats he found the mean Tresh weight/m? for Zont ;ra marina was 380 g,
Gracilarin verrucosa 61 g, Agurdhiella teners 32 g, and Ulva laotuca >B p. The total
ntanding crop of thege four opecien wan _calcoulated to be 19 2 t, 3¢, 5t and 2 ¢,
reapectively. Gracilarvia covered 44 km” of the total 170 kme of the bny, but it is often
entanzled in Lhe eclprassy an approximate value of the total standing crop ..ould be
UaDe 8250 (K0,

Humn (1962) roporto on marine algan of Virginia as a oource of amar and agnroids.
He given el atrengtha, pelatin temperatures, viscosity, ete., for productn from
Aardhiella, Gracilaria, Hypnea and Gelidium,.

Cotiwn fragrile, a green algn ente- in Japan, which is adapted to moderately diluted
and pollutnad waters and is also found on ntones and shells in anft holtonmn, fn npreacding
within the aren from Cape Cod to New Jersey (J.E. Taylor, iQGY), A a veanlt of ntrip
harvent ntudien, J.€. TnJ]or (1970) given the biomans for aome alyme in Berposet b
The hiphest value {rom his S5CUBA divingn inh wet woight/m- in 64 ¢ Yor Gracilaria oui. eirvuidow
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FISHING AREA 27 1 NORTHEAST ATLANTIC

The main aress of seawsed utilisaiion in the Northeast Atlantio are in Norway
(Amoophyllum), Denmark (Firosllaria), Sootlend, Ireland and Normandy, France (Lsminarias,
Asdorhyllum, Chondrus), and Spain and Portugal (Gelidium).

1.  QOreenlend

The ponvendn are nek utilis~d. Hoscver, there ave oovaldereble quantitien of kelp in
partiovlar., The hest koot dlviviate arve Svovsuby Jund snd Kejsor Frans Josephu Fjord as
faxr north wo 70°-74°N. PRron 03 m thers §s & Puous infistus cowmmity, more soattered and
mited at grenter depths but util) recordsd at 18 m, and almo enoounterod on loome bottoms.
Lamiirria sagohecine raugss from a faw metves down to almost 40 mj fully developed speui-
menz roaoh a total length of 240 cw and & width of neurly 40 owm. [aminaria solidv—sgula is
previailing i{n deepar waters iun tha ovter pert of tha ares, Other publittoral oom. .tiss
‘are dowinated by Punutaris glecialie, Doumarssiiu eculeats and Phyoudrys rubsng - Phyllo-

phora brodiwael (Jand, 1959, 1959a)%

2. Icaeland

-

One of the lergact wnitapprad seawnad ranomroes in the world ie found in Iceland,
Utiligation heo old tvsditions; thers in evidence in lecelandio angas that Rhodymenia
paluita was eaton an long ogo e 961, Alorim esvuisnta, Chondrns crispus, Gigartina
memn)loca and Joatoacfe digitate have eluo been amien, aud in times of starmation other
spociny su Viell.

Thoedyienls 16 noew ouly - snsidonully vollevind wad deled, und weuwseds axrs no longer
used for fual, pclnsh, iodins or for dysing homnepin olotha. Howaver, asheep still graze on
Rhodyiasnia pslrata and Alavia; ot lesnt 10 000 ewoa, sbont 1 percent of the total stock in
loelind, ara fed ou firsh searond,  Frodootion of manuead menl from Asoophyllw was started
in 1960 snd the product mold aa papplemontsry todder on the houe warket. Cant ieed is still

colleoted by gardenars (Hallowon, 1364).

The algal vegetetion of vortharin Joolend bos a variboresl oharsctaer, The lova blocks
ar» covsisd by belte of rcohieed - Felvatia o-unllculata, Fucus spirelis, F. vesioulonus,
Anooghyllum nodoswe and F. diuticun; emong these the browd belts of Ascophyllum dominate,
oovoring vent arean of the 1ittorsl vlopn. Considerable amounts of agar-yielding species
Ars aleso foundj Qi¢arliun stellata ococupieu the lower littoral slopes, and Chondrus orispus
is found in tidal pools (M inda, 1970).

The want cosol is influenved by Atlantic wuter, the east mnd north coasts by arctio
water. In tho south end waat the sea water naver freezes, in the nort! and east only rarely
and then uanally for u whort time. Expoved arean in the west are oharmoterized by extensive
underwater meadows of Corallina offiocinelis, in the east by Aorosiphonia and in the sub-
littoral by lamineria hyperborra and Alsria ssoculenta (Munda, 1969). Ssocor:iza dermatodea
and Laminaria hyperboiea are alao luxuriant.

The most ocommon and abundent littoral algae, esome of which oould possibly be used as
rew material for industrial vroduots, have besn investigated with regard to soology and
ohemical composition (Munda, 1972; distribution maps are given for 31 spocies). The pro-—
tein ocontent of a number of mpeoies from various looalities wae determined. KRotably high
vilues were found in mome mpeciest 22-26 percent of the dry substanoe in Soytosiphon and
Diotyosiphonj 25 percent in Cystoclonium, Plocamium and Polysipbonia, and 30--37 percert in
Cormium rubrum, Pluneriz and Porphyra. The highest fat valusn found were 7 perovont >f the
dry mubstsnoes in Fuous distious, 6 perosnt in Pelvetia, 5 percent in 7. veuiculonuir, and
4 peroent in Asoophyllum. Highest mannital values were 15 peroent of tho dry substanoe in
some samples of Leminaria and Alaria, and 11 peroent in Pucus and Ascophyllum. Alginie
201d was as high as 20 percent in Desmarestia and Soytomiphon, 315 pernent in Laninaria
digitata and L. hyperborea, 29 psrcent in Fucus, and 26 percent in Arvophyllum.
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Munda (1970a) foumd tho denslties for scme importent speoier (avernge of 10 %0 25
perallole) wore in kg/n2s Chordaris 3 Puous vesioculosus, depending on exposure of
looality, up to 7; F. ddsircue up to 5.6y Asoophyllws up o 7.7 Po umbiliocalis
up t0 2433 Gigmrtinn wizlleia up to 5.6, and Rhodymenie palmats up to 3.0,

3- 11.3,3,8, il‘s.{‘ﬁ', LQ__.:.:S‘.'A)._

The Barepts Sex ez rinh resouwmen of brosm slgee, in the Ascophyllum bod a biomass of
up to 28 kg/m . S vau peen cshipnted that mora than 500 000 % wet weight of rocloveed oan
be obtainad from ... witnism furren Littoral. The publittoral in deeinsted by Laminaria
saccharina and L. 40 aitabs, with an satimated 500 000600 000 t wet welght on the Murnan
coast.

The White Sea snpply of algme exoseds that of the Murwan Peninsulay there are 800 000
tcnu)of Laninarie, 250 OCC & of Fuous, and 400 000 t of the sea grasn Zostera (7enkev t-h,
1963).

4 - NOI:!&!

The area ooverad witn cvoskised and kelp is as large as the arna of cultivated grou.d
in Rorway (Haug snd Kyklusind, 1960).

Spitnbergen, at 7696' o 80%N, bas a richer marina flora than any other point so olaose
%o a pole. The ammint of wewd naat arhors readily revesls that the Leminariaceas are
lururiant. Alaris grawlliolis Lo overy abundent and aoumon Ln axpooad loonlitier, where 1t
i found from 1=195 w or moy s et growns to 4 m in length. Laminaria paccharina o:ours in
abundance in exposed pu wall o saeltarod loonlltiss, to a demh of 7 m though =lsc
obsarved to 30 . Specinans up to 270 cw have been messured. L. Aiyitela also v3ry oommon-
1y ooours in differsnt forms, und spsoimens ap to 220 om in length hsve been noted
(Svendsen, 1959).

On the Norwegiu. mainland oonsts, quontities of Luminaria &pp. ond Ascophyliuwe have
been assessed through the Korurglan Inetitute of Senwasd Hosearch (Grenager, 1952, 1953,
1954, 1955, 1956, 1954, 1964; Peardasth, 1954). Theso aasensnan’e conntitute one of the
few perious eofforts to evaluatn atending orep of harvestable mpeoice in an area rich in

peaweeds, and otill as a t~a)l ihey tovar only fractiona o the Hcrwrgian coast and archi-
pelago.

Laminaria hyperbores o tus misdomirating gpooien along the wrpossd coast, estimated
at 80-90 percent by ¥aight of ihe totnl als] veegwtrtion {Printz, 1357)s 1t is dominating
in the sublittoral to a deapih of 12=15 m, and beley thise leve) gradually becomes more
sparse., Densitiea of up te 20 ¥:2/m® heve been recorded at 5 © in an old ‘51p forest. The
mean density however ia anzougad ni 7.2 kg/mp, anu with 8 regrowth tlme Lf 3~4 years this
would give a mean y=nri; yield of I O B kg/m7 {Svendzen, 1972), 1u = oocatal area of
18 km bee~iinn, 7 rnagen (15050) artimatad theara wara 319 900 t, or a1 sn of 18 000 t/km.

DriTi wesd Ln oea’ ashors 55 ercocptispul amounta. I 1ho monthe of frond-shedding -
Apri., Mny and Juna - the drift cceed seneiste nainly of old fronds. During autumn and
winter, on the othor ham, levps, well developad atipsy o7 lmclnaria hyperboren are washed
sohore aftar stormy wenthar 1a "irnumarablo thounande of tors™ an? in w fairly wmixed
state. Tha largest cocuryancey »f drift wesd are around the southuasst end o1 FNorway and
in the area Alesuad-Xrintinreun'. whiln thers Ls a marked 1nok of {4 or vory little along
oonsiderable parts of the rocot. 0 northern Norway, thsrc £re largs o0ouUrrences of dri’ft
weed on the memwnrd mide of I~folen and northeastwards {Printr, 1957; ale~ cmalilo. T2ps
of drift weed distridbuiion).

Ascophyllom nodopum 43 tha mort harvosted spacles together with L. hyporborea. It
ococurs in large qusniities sn*articdally on firm subsiratum, wraferringe nrotected locelitien
but also found in mcat omi-#apopad and osriain M1ly exyemed wasn. 1t ueunlly forms a
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belt immediately below the Fuous vesiculosus belt. The weight ratio between these species
in an investignted area in southern Norway was 100130, In a distriot further north (64°=
67°N), the weight ratio AscophyllumiF. vesioulosustF, serratus was found to bs 100:39:41,
Within the rocky portion of an area betwean the upper and lower borders of the Asgophyllum
belt, thg density of this speoies varied between sero and 26 kg/mz, with a general mean of
5.2 kg/m®. If moan values for three well known distriote are extended to the whole Nor-
wegian mainland coast, the total estimate would be of the order of 1.8 million t fresh
woight (Baardseth, 1970).

Aooording to offiocial statistios, 79 500 t of seaweed were utilized in Norway in 1970
and in the previous six years the total varied between 55 000 and 85 000 t. Sinoe the
harvesting of Gipmrtina has now coased oompletely, all of this can be acoounted for as
brown algae: Ascophvilum and Lnminaria spp. Commercial harvesting of Lominaria hyperborea
from the sra bottom has been oarried out since 1964, This kelp, together with L. '.gitata
and Aroorhyllum nodoosunm, is used for alginate production. In 1969 and 1970 aboui: S 000 ¢
of L. hvporborea were cut each year, oorresponding to 25 percent of the Norwegian alginate
industry'o totnl oonsumption of browm algne. In 1964 the alginate production was about
700 t, of which 9% percent wan exported to acme 50 oountries. A new factory has a oapaoit
of 1 000 t of alginate, ocorronponding to 10-15 peroent of world produotion (Svendsen, 1972{0

Mont of the Ancorhiyllun hnrvent goen to the seaweed moal industry whioh uses nome
50 000 t of fronh weod par anmun for a productlon of 15 X0 t of weal; the nlginate indus—
try uand approxir-tely onn—third of that quentity in 1965 (Jensen, 1966). The total
quantity of ;vomrwllva available in Morway for industiry is 1.8 million t fyosh weight
or about bnlf o million tons dry weight. If we put the yearly percventage of a possiblae
exploitation at 10 prreont, uo a conoorvative estimate, then Norway would be ble to
produce about 50 000 % of seaweed nonl annually (Baardseth, 1970).

The boitlo-neck hnn haen harventinz, with a decreasing nuwiser of paople active in
this acunonal jobe. liscently, houover, the trond has changndj there aro inoronning
diffioultics for oonventional fieching and en inororning munber of fishormen join the weed
outters., The la:;:st quantity of Arcorhyllum is cut in an area west of Trondi:eim.
Laminnria is taken very evenly along the southern part of the west coast,

The valuo of scawend menl to domestio animnlo has been recorded in numerous investiga~-
tions. Yany of those aro roviawed by Jennon, Nebb and Sneter (1968) and Jensen (1972)s In
a feeding experimont with twin oows the tewst group wao given 200 g daily of fortified
Ascorhyllum meal over a pariod of nmoven ycars. The totnl milk yield of the test group was
found to be about 6 percent higher than that of the control group fed on idontical ratioms
axoopt that the seaweod moal wao replaced by 100 g daily of a Norwegian standard mineral
mixtura. These mincral supplements ooot approximately the same as the scaweed meal. When
all costs were deduoted, the additional nmilk yield obtained by the Ascc hyllum meal test
group rogultaed in eround 13 poroent increase in net inoome.

"he red alga Gisnrtipna has until a fow yoars ago boen oolleoted in more modest
quantities. This harvesting, however, han now ceased completely,

Se LUwedon

The west ooast inm very rich in algne, but in the Baltio quantities are deoreasing with
the deoreaning salinity. The firat systomatio investigation ever made of quantities in
hard bottom ocommunities - and still the most comprehonsive - was carried out by Gislén
(1930) in a Swodish west coast Tjord. Hithin the asuoo%ationﬂ characterized by the
respoctive speoies he found average raw weights in kg/m® were: Ascophyllum 15,75 Iai s
10; Fuoun serratus 8.4; Laminaria digitata 8; Fo vesioulonun 7.6; L. gpiralie €53 L.
hyperborea 5.7; Zostera 4.6; L. saccharina 3.6; Furcellaria 3.2; Corallina J}j
Chordaria 2.3 and Ulva 2,
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Over pasi centuries seaweed has deen utilized in a mumber of ways. It has been used as
fodder, as manure, frezh Fucus was used $0 oover the ridges of straw-thatohed housesy
Zostara was used in oradles instead of mtrew, dry rockweed wae used for firewood in the
souihern ooastal area.

At present, howevar, seowend 16 not utilised, exoopt for very wmall amounts locally
used for mamure or fui “roat preteotion cover for potato stacks. Swsden is the only
industrialized cowniry with rooky shores which has no paswoad industry whatever. The
absenoce nf %ida: Iluctuntions uakes the rookweed fringe lesn soocensible for harveaoting,
and the oalm wxisr wil high level of mutrients give rine to luxuriant growth of undesirable
apiphytes on ponnibiy umeful gpsoien; finally, high wagen would make raw material too
axpensive for oompatition on the wvorld markei.

6. Finland

Seaweed 1s not utilized. Fucus vesioulosus is gquantitsatively the most luportant
speoien, forming parspnial treces and desocnding from the weter lins to 10-12 m. It appears
in a variety of forwn. Ons plant usually houses mmdreds of isopodes, emphipods and other

maoroscopio animzln.

Te  UsS.SeRe (Baltlo coantas)

Furgellaria fentigiats is found at4nched to stones along the open ooast between
Klaipsda and Venicpila in quantitles estimated at 80 000-90 000 t, and hes also been
enoountored in the JTrbon #irait and the Ouii of Riga (9 000=10 000 t)s In 1460, lovse-
lying recources foond on soft hottows, partioularly in the islands of Hiumaa wnd Saareman,
were egtimnted st 150 0UC t. The Daliio findinge of Furaellurin e«rorad the totel quantities
of most other agnroid resourcen of the Soviet Union, ©.gs, the Shnfolita of the White Sea
(14 000 t) and of thun Sea of Okhotsk and the Sea of Japan {170 GO0 t). Only Phxllongora
spps in the Black Uen axcecds the supply of Baltlo red nlgna and the quantities are 20 times

greater,
Along the Paltic nonutu, uf least 27 000 t of Purcollaria a yesar have been brought

togother and in favourable yunro as much as 40 000 . Kiroovs reoommends that Furoellaria
ghould be guthersd alung the coants but not from the open sea.

The standing conp of Puone in the Baltio states vas estimated at 70 000-80 000 tons
(Kireewva, 19645, 195%:;

80 Polcm_g_

The quantitien of furanllrria fagtigiata oast ashore afier autumn, wintsr and epring
atorms would be abeni 20 & 01y wolght with an ager ocontemt of 40-50 porcont (Czkpko, 1960,
1964 ).

9, Gomr.n Demoorntio Ropublin

No utilizetion of zanurand,

10. Federal Ropublic of Gurmany (Baltic ooasts)

The entire lunsth of the Daltio oocast was invectigated from Flencburger Firde 1o
Lifbecker Ducht. On 1% i the total biomass of Fucus was astimotad ot 40 OO0 t, giving o
mean value of 217 t/kn. This is more per unit coastline than Walker found in Scotland
(209 t/km), but in ihs lnltio Puoua is spread over wast aroas down o u lonst -1
oonsequently, the German Fuoun quantities are low per unit arsas T=2ah ng/mﬁ a3 comperad
to a maximum valun in tho Habrides of 2045 kg/mzo Profitable harver<ing of Baliic Fuous
will thorefore be mont quniitionable and would probably give only 20--10 meresnt of the blo-
mass. With three venrn for regrowth a raasonable catoh would La only 3 (00 t woet welght or
600 t dry weight a ynar.
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The method of the Jerman survey oould not be employed for Furcellaria fastigiata,
growing in depths of 5-20 m either in dense fields on boulders or lcose-lying; in the
latter state it is, under icular hydrographic conditions, brought together in large
quantities (Hoffwann, 1952??1‘t

11« Denmark

The first quantitative aspessments of marine productivity were made by Petersen and
Boysen Jensen (1911) and Petersen (1913), The msthod introduced for the sampling of fixed
areas of soft bottoms was the Petersen grab. Thess investigations are basic in partioular
for the study of the relationship betwean available food and stocks of ocommercial marine
animals, Already at this initial mtage Peterssn regards the benthio flora as the basie
for fish life in the lime fjord and in many other ooastal waters. Petersen's (1912)
asgessment of the annual produotivity of benthio plants along the west European coast are
of partioular interest for the botanist; also his paper (1914) on anmal product: ity of
the eelgrasse Zosters in Danimh waters, which was estimated at double the standing orop or
8 232 million t dry weight. This was four times the annual production of hay in Denmark
at that time.

The quantities cf Fuous spp. are next in importance to Zostera, but for various
reasons would not be suitable for harvesting (lund, 1941).

Furcellaria fastigiatn, the onrtilaginoun, oylindrical, densely tufted red algm,
constitutes the only indusirial raw material aotunlly utilized at present. It is found
from 2-30 m attached to stonus, pebbles or algnes. Thera is also a detached ‘orm, thriv-
ing well edrift in proteoted places where the sesbod is sandy. Over a period of 20 ysars
the total Danish oolleotion for induatrial purposen was taken from a locality, Tangen, in
the central part of Kattegatt off the northern coast of the peningula of Djur«land, where
ociroulating ocurrents aro created; this locality is fairly moderate in extent :nd the depth
is wainly }-4 me The quantities collecuicd, through trawling, sre almost free {rom other
species. The appooraince of moat of the plants indicates an nge of at leart 3-5 vears.

From a few thounind tonn a year during the 1940m, tho yearly collections ruze tu 20 000~

30 000 t in the early 1960s, rosulting in heavy overfishing and fiu~lly a depletion of the
stook. Sinoe 1967 an cconomic colleotion haas not boen posnible From Tangen. This harvest—
ing area has now boen substituted by several smaller onen. GCathering of cant Furcellaria
from the shore has been ntarted and has gained a certnin importance.

Chenmically the "Danivh agar" or furcellarsn is different f{rom Japanese agar in
containing a greater nunber of acidlc groups binding greater quantities of alkaline salts,
thus having a higher ash ocontent. It sets more rapidly and at a higher temperature and the
setting point rioes cubatantially with the degree of oconoentration. During 20 years of
production agar gain rose from 2.5 to 4 percent of the raw material (Lu.d and Bjerre~
Petersen, 1953, 1964; Lund and Chrintensen, 1969).

In addition to the processing of indigenous resources by the fuccellaran industry
there ia alno a Danish phycecolloid industry working up imported manterial. Cnondrus
crigpmg from thea Canndian Maritimee is the predominant raw material in the processing
of carrageenan but thoe pame type of material is also bought along the Buropean coast and
in the northern part of the Anian coantline. Fuohouma and othor agaroids are imported from
the Far East and nmaller quantities from Africa and South America (K. Nielsen, personal
communioation).

12. Federal Republic of Germany (North Sea coant)

Quantities of aeaweed nre not large enough for oommeroial wtilizai’une In ‘hin aros
hard bottoma are exceptionnl. Idining ?1969, 1970) found on Heligoland mean standing or it
in fresh weight per m“ oft Fucua porratus, 3.7 kg at O m; Laminarin digitata vegetation,
5.6 kg at 0.9 m; L. saocharipa, 7.1 kg at 1 m, and L. hyperborsa, a moximum of 11.1 kg at
2 me Cloaed vogetation of L. hyperborea was found only botween 1.5 and 4 m, single spevi-
mens down to 8 m, compared to 33 m in wostemn Scotland, whioh 18 explainrd by a leos
favourable light oclimate.
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Figure 2,

The dimtribution of the Laminariaceae around the
ooast of Scotland. (For details on quantities
oo Walker, 1954)
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13. The Retherlands

In upite of the fact that the Netherlands has no natural hard bottoms, man has oreated
extensive suitable substrates for epilithio algas when oconstructing moles, dikes, piers and
barbours. However, existing vegntations are also destroyed through various measures of
renovation with the result that pioneer communities oconsisting of a emall mumber of aspecies
take their place. The most harmful memsure is bituminiration; thiam causes a persistent
depauperstion and the original vegetation ia unable to regain its lost position,

Exploitation of algas for economic purposes is not profitable. In Zesland thore was
for a short time an industry whioh used Fucaceas, enpucially Ancophyllum, ao rew material.
The algme were cut on tho dikno, which did not caure lanting damage; 1in a few years the
algnl growth wno complotoly ragensrated (den Bartog, 1¥59).

3eaweed produots, suoh am ocattle feed additives, bave been imported or prepar=d on

imported weed or weed collected in the island of Schouwen and the province of Zeeland.
Fuous vesioulosus is used as fodder for pign (Koster, 1953).

14. Belgium

No utilization recorded,

15, United Kingdom

Sootland han baan the cobject of one of tho most extenoive assensments o. goaweed
quantities ever carried out. For littorn? remouroces of rookweed, a first sur vy of 80 per-
cent of the more than 10 OCV km of mnrine coaut of Sootland was organized by tiie Soottish
Seaweed Nonearch Association in 1945.

In this littoral area 180 000 3 of rookwogd were diptributed over 870 km with a
density of not leun than 4 000 t/km® or 4 kg/m 3 70 poreont of this quantity was looated
in tho Outer Habrides and 22 porcent in the Orkney Iselandn., Tho dominaat epecte: is
Ascophyllum nodooua. Tha grantest oconcentration was found in Looh addy and Loch Iport in

North Uist. Fuooid algne wore nlso surveyed by Gibb (19450),

For sublittoral kelp a new method wns worked out. Storecscopic aerial photography
was gupplemented with detailad snmpling of nmelected noabedn down to 8 m by mouans of cali-=
brated apring grabse. During the whole period of sublittoral surveying, 1946 to 1955,
100 000 quedrats were meanurad. It wnm estimated that over 8 500 km of ocoantline represent-—
ing 8 000 kmg, 10 million tonn of laminariaoceae were growing from O~18 m, an average of
1425 kg/mz. Of this quantity 3 million tons were located in ooncentrations of economio
signifiocance covering 1 000 km® or 2 700 km of ocoastlins, with an avere. . density of
3.7 kg/m® (Walker, 1947, 1953, 1954, 1958). Thare is a variation with lopth: 6 kg/m? at
1m 3 k;;/m2 at 5 m, 1,2 k/:/mé at 10 m,

Tho Inntitute of 3saweed Remearoh (now olosed down) sumsarized that from che 10 million
tons, vredominantly Laminnria hyporborea, which are growing around Scotland, 1 million ¢
wet welght of soaweod or 200 (GO0 t dry weight could be harvested sach year, enabling full
recovery of the harvented arna (Snotland, Inotituie of Seaweed Resonrch, 1956).

Laminaria hyperboren dominaten in most casee, and areas supporting a dominant crop of
this specien woro chosen for the investigation. Here ito total for all depths from 0-13 m
rangoed from 80-100 porcent in varioun areas and months, while Le digitata roached 0-5 por-
oent and L. saocoharina 0~15 porcent. With inoreasing dopth Le hyparborea gives plaoce to
E. naccharinn, In aouthwont Jcotland at 13 m Le sacobarina renantied WTTy‘ pomeapt e e
months. From 5.5%9 m Saccorhira polynchides ocould tnke 3 poroent of tho {reosh wolg of
the Laminariacene (Halker and Riohardson, 1955).
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is possible to raise a potato orop where otherwise none could survive. A wide range of
orops and vegetables, inoluding psas, parsnips, oarrots, cauliflowers and oabbages, are
also grown on seaweed so0il, and the standard of husbandry is high (Stephenson, 1968),

17. France

For a rmumber of years the Frenoh figures submitted to the FAO Yearbook of Fishery
3tatistios have not been inoluded in the totals of aquatio plants as "they refer to produots
not oloarly defired". It im doubtful that the figures ocould refleot the total amounts
landed} they poesibly cover only seaweeds used for industrial purposes, and probably do
not inoclude those direotly usod for fodder and manmure. This interpretation may be supported
by the figures given for 1970 in Franch statistiosi

Quantities Quontitien Value, 1970 Prios

landed, 1965 landed, 1970 (thousand per kg
(tonsa) (tons) Fra) (Frs)
"Carragahaen' 1 883 3 192 1 387 0.43
"Go¥mon iodé" 6 033 T 374 1 886 0.25
Other marine plants 6 937 7 472 1 165 0.15

Hhen compared to the 1965 figures the three groups show an upward trend. Understanding
"oarragaheon" as Chondrua and "gofuon iod4" as Laminaria, a ocomparison with 20 year—old
records from the Comité ocntral des P8ohes maritimes is less encouraging; in 1950 and 1951
the landings of fresh Laminarinns amountod to 56 000 t and 45 000 t respectively. The
decrease in lLaminaria harvesting followed tha oeswation of kelp burning for the iodino
industry. Thene old figures therefore show that thore was suffioient potentianl to meet a
higher demand. In the same poriocd, 4 400 t of Chondrus orispus and Gigartina mamillosa
were produoed annually, and i° was entimated that 100 000 ¢ of Fuoup were used for fodder
after orushing (Feldmann, 1553). A%t the beginning of the oentury, however, the quantities
landad annually along the Atlantic oconst of France oorresponded to 267 000 i dry weight
(Lund, 1936, estimated on data from Videment, 1909). Anocient forms of seaweed utilization
are comprehensively desoribed by Sauvageau (1920) and briefly by Dangeard (1947).

Thoe quantities aotually utilired by Frenoch alginate industries are at least five times
the landed quantities as given in the figures for 1970. If, ao has been reported, France
produces 1 200 t of alginnte per year, this would require at least 30 000 t wet weight of
Laminaria. In "Franoe P8che", February 1969, the French production of dry seaweed is
estimated to currespona to at least 100 000 ¢t wet weight.

Brittany is the ocentre of ecaweed utilization; kelp for industrial purposes, rockweed
for fodder, drift weed for manure. The latter io widely used but no ewiimates are available.
In addition to Laminaria and Fuous large quantities of thong weed, Himanthalia, aro cast
ashore and used to improve the quantity and quality of artiohoke orops and barley for beer.

On the Normany coast cant of the Cotentin peninsula, Audoin and Pérez (1970) madc a
cartoprnghic atudy of the populations of Laminarians along 100 km of the Calvados ocoantline.
In 17 km“ of Laminaria digitata fields they evaluated a etanding crop of 100 000 tons. The
mumber of kelp plants per mc was about 25, compared to 45 in Brittany. Tho alginate content
was 2-7 percent lowor than in Brittany but, on the other hand, of top quality. Data on the
biology, ohemintry and utilization of Laminaria digitata are given by Gayral end Cosson

(1973).

Chondrus oriopus is common in the Cotentin peninsula and the Channel Islands, abundant
along the rocky northern shores of Brittany, and even more abundant nlong tho wont aul
aouth ooasts of Brittany. It is also found, but in smaller quantities, north and south of
this area of abundanoce wherever the bottom offers a puitable substrate. Commercial harvest-
ing is carried out extensively in Normandy and Brittany (MacFarlans, 1968 on oommunication
from Dizorbo). Even if the present harvesting figure is just 1/16 ot that for Canada,
Franoe mny ntill rank as gecond in the world produotion.
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There is one utilization of algne known only in lrance. The calocarsous red alga
Lithothaornnion selcareum, which han for a long time been applied on noid ground to improve
the voil, is now algso being used in the treatment of aocid drinking water; wsuch water, if
untroated, attacks and dismolves tho motaln of the diniribuiion uystem. If filtered
through Lithotharmion the pli in raisged to 8.3, vhore Pb, Cu and “n ionu are precipitated.
Aluo other undesired ionu are ollminnted throueh ndgorption or ion exchange, including
rndioantive elements (Neveu, 1961).

Other roourona of a potentisl value ara Gymogonreun pivtonn, Golidinm peoqudpedale
ond (. npimloswn. The algne oollocted along the lrench contts mre of tho order of 20-30
percent of what is manufactured in Franse (R. Delfpine, vorsonal conmunication).

18. Gpnin

The Speninh sonweed induntry is contred prirarily on the mnvufachure of vgov fecm
Gelidinm and io the rocond lorsent producer in $he uorld, ovcaeded only by Jopane. As the
Lol congmaption in emall, Srin in the lepding ~xpa~ter of ~uai ou the vorld machet
(Spain, SeNeloQey 1968). T 1970, 8 900 % of Lha xuv eateriel Gelidlmm vere harvzuted.
fecording to fisnrcs for thn lant {ou yerxn, 1100 4 et tho cavragaenovy "Liquen”
(Girurtiva shelloty and Chond ny eviwmg) and, mirprisingly, no brown algue were harvested.

Gpeciecn of industrinl interrat oxe wel) invagtiented rith regsvd Lo lhuly ecology and
distribution (Seoane Gaumba, 1960, 1964, 14GH. 1965u, 1966, 1967, 1968, 1969) and various
incuntrial supeots of peatreed utilizotion heve been Lreated (Avavio~Tovece ard Villegas,
19593 Cabrero Gomoz, 1951; L&pow--Benite, 1963; Spain, S.He.l.Qey 1968 ),

Gixty ko seventy five parcent of the havvested Golidiva in picizad np on lthe beachey
after autuan snd winter ctorms. The gathering of slonrn cast peareed has 1he drawback that
undenirable npeocies hnve to ba sortod out. Aa gtorm caut werd io prodominesat in rainv
peanonu and arcas, it may hnve to bho trannported to the inlend for drying. i mey be
onc rennon viiy veveral scavood procenning {actorien ave located avound Modrid wnri Burgod.
Rorional requivemonts hoave aleo been considered when two pew eprvspeensn factovicu, vith
a joint offieial capacity of 580 t/ynur, wore built in the "levelopment acean" of Vigo and

Burposa

Frem Hay to October, at lo¥ tida, come Gelidivm and 7080 parcent of the hureated
"Liquea" in torn off the rooka nnd dried in the sune A highor qualily of Gelidiwwe is
¢ollactad by frommen during thess montha; 100 nmsl) chips nve oparating with a skipper, a
mechanie and fonr divers. Fifteen to twanvy pexcent of tho Gelidium in hirveuted in thio

Wily e

There are neven plontn for tha procescing of agnr and 90 percent of the producty ore
oaporhed. Unkil recontly ~ll the corrcopsesnen algno were oxported au raw matcrial. Animal
fodder iv manufaciured from Fucun (Spain, GJ.T.Q., 1068, with wops of wpecies distribution
and nilry of manufacturs plants; abatracted by Durrang, 1969) .

19. Portuml

The connt of Porturmul ia favoured by maitable subotratum, temprrature, maliniiy,
light conditions and tidal nmplitudes. Actually, elong the nearly 600 km of coaotline as
much an 500 kme nre found inpide the 20 m iscbate. Mont of theso bottoms aro rooky

(da Fonncca, 1966).

Consequently there is a rich marine florn. Taxonomy, ooology and distribuiion are
comprehennively trented by Ardré (1970, 1971) who also oums up earlier investigaticns and
dincunpes posoible causos for variation in time. Spacinl anpects are olucidated in somo
other studies: the proteotion of resources by Palminha (1958) and agar—produoing and
agar—consuming induotries by Venguinha (1951). For rogrowth rtudies neaweed repervap are
entablighod in strongly and moderately axposod arcas pt dopths of 6~10 m and divided into
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gubareas. These sre treated in various ways and observed monthly in order to assess growth
rhythme end regrowth in relatiou to different harveoting nethods (Palminha, 1971).

There a.» sis foclories with a totul capaoity of 1 620 t of agar. Four of them,
looated in oontinentsl Portugal, use almost exolusively Gelidium sesquipedals, while the
two on the Azores ave wovking primerily with Pterocludia capillacea. Gelidium attenuatum,
G. lutifoliwa and G. yunillum are also vollected, but in omaller quantities (Palminha,
T97T). An estimutlo of what could be collected gives in dry weight figures 6 000 t of
agarophytes on the wainland const and another 2 000 t on the Azores. The carrageenophytes
Chondrus ordspus, tigarlina memiljosn, 0. acicwlaria and J. stellata ooour in quantities
whioh could give t 200 t. alginophytes such as laminnria digitota, L. hyperborea, Sacoor-
hiza polvschides and Hinanthalin loren vould give about 5 000 t. For a comparison with most
other data rounded on wet welght, theos ontiwntes should be inoreaced, say, five times. The
predicted output iu commercial products waz 1 300 t of agar, 400 t of oarrageen and 1 000 %
of algin; the lest figure. howaver, io hypothetical as no procesning is planned (c.. Fonseoa,

1966; Palwinba, 1971).

Much ol Lhe 1wd olgow is cvollected in the tidal area ut low water, outside this divers
work from small bontu. On the mainland and in the Azores, 114 boats and 560 semi-~autonomous
divers md 110 untonowous divers operate.

Unllection of amnpeds fixed to Lthe subutrate in Ly legal regulations restricted to
the necond half of the vomrs  The ;rowth and reproduction period of Gelidium and Piero-

¢ladia starts bobveon Jounavy and March,  Fotromadura is tao most important rogion tfor
Gelidium, followerd by the wouthern provinces.

in 1970 the quentities actnally forvecded to the industries were 23 500 t of wet algae
(Palminhu, 1971).
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moderate abundance (Humm, 1944). Gulf weed Sargassum natans and Se fluitans are most
abundant among the sBeaweeds washed up on the beaches in quantities., Coneidering the
enormous demand for fertilizer in Florida, where much of the soil is seriously defioient,
Florida State Board of Conservation suggests comneroial seaweed fertiliser produotion
from this reeouroce.

The sea grass Thalassia oocurs in almost unbroken dense matted beds from Miami over
Key West to the Dry Tortugas (Voss and Voes, 1955).

2e Qulf of Maxioo

U.3. Gulf coast

Florida's seaweed resources of oommercial abundance are loocated along the 1. :rox west
coast from Cape Sable northward through Tampa Bay. During the winters 1942-]3-44, thousands
of tons of meveral speoies of Graucilaria, Hypnea wusciformis and Apardhiella tenera were
present in these wnters. Digenea asimplex, abundant north of Tampa Bay on the oentral part
of Florida's west coast, produoes an agar of high gel strengthe.

The data on Lthe southern U.3., Atlentic and the east Qulf ooast resources so far
given are derived from a survey sponsored by the U.3. War Produotion Board in the early
1940s (Humm, 1944). The survey was extended as far west as New Orleens but not a
single finding is recorded for the northern parts of Florida, Alabama, Misrissippi or

Louisiana.

During the lnat few ysars, however, oomprehensive purveys have been published (Earle,
196Y; Edwards, 1969, 1970)s Earle statee that "extensive areas of the northern Gulf
support a oonsiderably varied tropical flora, especially in of fshore waters. In addition,
a temperate seasonal flora exists during the winter and spring along the cntire eastern
Gulf coast, with certain charaoteristiocally oold wnter species present only in the

northern Gulf".

Edwards (personal oommunioation) gives infoimation on his research area weot of the
Missiosippis "The Taxas coast, at leust in the bays behind the barrier island which runs
the length of the ustate, is not inhospituble for marine algae. The nunber of species is
fairly small (in the Port Aransas area, 57 in the bays, 90 when open sea is included) but
geaweed speoies oocur in vast amounts in the bays during the summer. This phenomenon of
a feW speoies occurring in vast amounts generally occurs in rigorous environments. During
rainy periods, which may last for several ysars, the salinities in the Texas bays are
comparable to those of the Baltio, but the largest amounts of seaweed in Texas oocur during
"normal" or dry periods when the salinities are at least as high as avirage sea water or
even higher. The Laguna Madre, which stretohes from Corpus Christi to the Mexioan border
about 240 km aay, may support speoies of potential oommercial value, eegs @Gracilaria
verrucosa and G. foliifera.”

These recent discoveries within the U.S.A. of an algal flora unexpeotedly rich in
species and quantities should be taken as a reminder that, with few exceptions, the
resources of the coastlines ~f the world are most insufficiently kmown.

Mexico

In the msouthern Gulf of Mexico the number of algne speoies inoronnes considerably.,

Humm (1963) indicates a total of 300 as a preliminary result of colleotion " ‘hre .las

(julf of Mexioo, deep gea

In open waters there are considerable amounts of free-llenting fmlf weod, Sargnesum;
90 000 t, according to an entimate by Parr (1939). Probably ocncentrated at a few places
and easy to harvest, this quantity would produce oloon to 2 000 t of algin (Davis, 1950).
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3, The Caribbean

The Caribbean flora is extromely rich in species and ie well known from a taxonomio
point of view, mainly through the works of Bﬁrgeaen (1913u1920), Taylor (1942,'1960)
and Chapman (1961, 1963). Taylor recognizes 760 mpeoies in the area from Bermuda and
Forth Carolina to southern Brazil; with few exceptions these will all be found in the

Caribbean,

Seaweed utilization vas revieved by Riohardson (1958, 1959), who oiroculated a
questionnaire to agrioulturul officeru aud other poesiole souroces of information. He
points out that many of the seaweeds growing in thie region sre utilized in various parts
of the worldj for example, the brown genera Hydroolathrus and Sargassum are used for
fertilizing pesnuts, sweet potatoes, ooconuts and coffee in China. Many edible algae are
present, such as Ulva laoctuoa, Caulerpa racemosa, Orateloupia filioina, Hypnea musciformis,
Aoanthophora epicifera and [aurencia obtusa. Important agar producers are (racilaria

verrucosa and G. compresua.

There is no large-scale utilization of marine algae in any part of the Caribbean in
spite of the rich marine flora and a population devoted mainly to agriculture and fishing.
This may be because nowhere do the useful algae oocur in sufficient quantities for this
to be practicable. Utilization on a small scale, however, is in fact quite wideapread.
There are no reliable fipgures on the quantitien of algae involvad but it has of ten been

gtressed that they were amall.

Crop fertilizer, mmlch and compost is the kind of uwse which may be especially
important, and wae reported from five iulandss Grenada, Barbados, St. Luoia, Jamaioa and
Cuba, and from Belize (British Hondurus). The only figures available are for St. Luoiat
50-70 t per annum. It is not known what species of algae are utilized but they are
oolleoted in the form of '"oast weed". In some oages, species of Thalassia, a marine
angiosperm, are probably the tgeaweed" reported (Jam&ica)-

The algae are used diract as a fertilizer on cooonut palme (Belime) or on oocoa plants
(Grenadn), or are composted with animal manure and other organioc matter and then applied as
a heavy mulch (Orenada); they are also quite often used in private gardens (Grenada,
Barbados ).

Hwnan consumption for food or medicinal usage was reported from eight islande:
Trinidad, Grenada, Barbados, Antigua, St. Kitts, Barbuda, Jamaica and Cuba, and from
Belize. Speoies of Ulva are said to be eaten fresh as a salad (Trinidad and Jamaioa)
or brewed into a "bush ten" which is reputed to have some medicinal value (Barbados)j
these are typical uses of this genus throughout the world.

In Trinidad, jellies are prepared from species of Graoilaria, which in Jamaioca are
eaten hot as a porridge or cooled as a blancmange or are taken a8 a drinke Aoccording
to Richardson's questionnaire answers, the most important alga, which is prepared in a
gimilar manner, ie known aa 'sea moss". This term probably covers various seaweeds,
one of which might be a species of Codium, in Barbados C. decorticatum. There is some
inter-igland trade in this alga. Narbados exports the dried product, Trinidad and
Crenada import it. It is difficult to trace origins as the trade is carried out by small
inter—island schooners and only small quantities are involved. At one time another "sea
moss", evidently some red nlga, wae exported from Barbados to an American drug firm for
agar preparation but this trade has now oeased.

It ie reported that the red alga Fucheuma jsiforme is eaten in Antigna and
Barbuda (Richardson, 1959).

In the U.S. Virgin Islands two marine angiosperms are used for poultry litter and
for stuffing mattresses (Richardson, 1958).
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Very little information on utilization and quantities is found in the ordinary phyoo-
logioal literature. Distribution maps for Ulva laotuoa, Sargassum filipendula, Caulerpa
sortularioides, Diotyota dentata and some less useful species are found in Taylor, 1955.
Typical habitats suoh as coastal shallows, mangroves and reefs are desoribed and i1llustrated
by Taylor (1960) who also gives a historioal survey with references to reports on 0o0llec-
tions within the area. Some available data on seaweed oocurrenoes in the region are briefly
raviewed below, thus aleo identifying gaps in our present knowledges.

Balize

Apart Crom the abovementioned use as fertilizer for oooonut palms there is no informa~
i.on on utilization or quantitieu.

Guatemala, Honduras, Nicarapua, Costa Rica

No information available., It has been said that the far western Caribbean and the
east coant of Central America constitute an almost Larren seotion of the sea., "Here rooky
reefs, ordinarily ideal for littoral algne, are oompletely destitute of plants." (Presoott,

1969 ).

The Atlantic coast of Conta Rica is dominnted by sand beaches that stretch monotonous—
1y alons most of the shore, but towards the noutheast caloareous strata provide msmall areas
for the development of coral and coralline recfs favourable to a great diversity of tropical
marine algaes  Dawgon (1962) listn 196 ppecies from Cosmta Rica and reports 24 species from
a lava reefl in Hicaramn,

Panauna

The alyal flora of the Panmmanian shores olose to the Canal i not rich in maoro-
scopic algne, the rocks, when present, being more or leas covered with mud. On a visit to
an area 250 km weut of the Canal it was found that the flora there is considerably better,
and about the same distance to the ecast it is quite rioh indeed. No doubt there are good
ghores much oloner than thowse recorded (Taylor, 1942).

Colombia

Golombian alpae as recorded in the literaturs were reviewed by Acevedo (1968) who
liots 140 opecien on the Atlantic ooast. From his own colleotions Schnetter (1966)
published 56 specien and in 1969 a further 107 spocien, out of whioh 7) wera noted as new
to Colombine. Many of these algac are of intereat for agar extraction. Sohnetter and
Schnetter (1967) record Gracilaria cylindrioa as being oommon in many nreas vwhere it
develops well at a depth of 1 m; Ge manmillaris was abundant in all beaches examined and
G. domin:rensin was found in greater quantitien. Apnrdhiella tenera was also abundant in
mout nf Lhe places inventigrted,

mring the Allan Haneock expedition in 1939 Sargasspum filipendula was collected as
Arift weed in various places up to 30 km off tho coantline. ixtensive beds were seen
in shallow water; of Cabo de la Vela it wan dredged from 9-?4 m. In the pame loonlity
the edible green alga Caulerpa prolifera was also found abundantly down to 24 my at the
same depths Codium isthmocladum wao found in some quantity. In DBahia Honda, on a bottom
of coralline alpne the Sarpgansum bedn had a greater variety in characteristic associaten
with Hnlymenia, Chrysyinenia and other Rhodophyceae (Taylor, 1942).

Venezuela

A list of 144 species in given by Ceeoner and Hammer (1967) who also describe the

algal vegetation in relation to topography, hydrography, shors types and other ecological
factors, inoluding mangrove and corals. The most important factor for apeoies seleotion
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as well as for biomass is water movements. Protected bays were almost devoid of algae even
if 1ight and substrate were optimal. On exposed coasts, on the contrary, there was alvays

a rich growth of algaes.

Nost of the speoies found belong to the typiocally Caribbean flora. On the north ooast
of Margarita Island, however, upwelling of "oold" water (19-23°C) during almost the whole
year favours the establishment and development of great populations of eurytherm tropioal
or subtropioal speoies within which speoimens of exoeptional sizes are found, These
environmental oonditions have also permitted the establishment of an ecologio enolave
of algae characteristio for the teuperate zones, suoh s& Porphyra, Plocamium and Aorogorium
8DPDe ?;Iaz-Piferrer, 1967). The marine comnunities of Morgarita 1sland were desoribed by

Rodriguez (1959).

Alginophytes are represented by Sarjnusum Sppe, of whioh Dfaz-Piferrer mentions nine
indicating depth range and temperature preferences. Agarophytes of meny kinds are found,
such as Gelidium, Gelidiells, Pterooledia, (raoilarin, Bryothamnion, Hypnea and Digenen.
Some 25 species are known to give an exoellent agar; of these 19 avv found in quantitiese
In the "oold" upwelling waters the most abundsnt are Gelidiwm serratulum, Gelidiella
soerosa and Craoilaria venezuelensis. In many plases along the coaste and on the islands
extended populations of G. domingensis are found at moderate depths.

Hypnea speoies oonetitute the most important source of oarragsenan found in the
Caribbean. Especially rioh in Venezuela are H. oervicornis and H. musoiformis. There
are even more agaroidophytes, some 55 speoies among whioh are three Bucheuma. The anti-
helminthio Diganen simplex is one of the riochly ocourring agerophytes, and a number of green
algae could well serve to produce a meal rioh in nutrients (Dfaz-Piferrer, 1967).

On Tortuga Ielsnd, Taylor (1942) desoribes a bolt of green slgae followed by extensive
beds of Sargassum with Pedina in shallower pools. "The most striking feature of the looa-
tion was, however, the large drift of peawsed flonting and woshed ashore. This was
characteristio material of submerged, old coral reefs or other rocky substrata. There was
no reof within view ... but it appeared that there were a ooral bed and certainly a heavy
algal growlh between Los Tortuguillos iolets... Notable elements in the driftweed mass
(which naturally was dominated by §QEGEE§EE) were as follows: in Chlorophyceae Ulva
fasciata was frequeni.; in Phaeophyoeae only Diotyopteris delicntula was abundant with
the Sargassa; in Rhodophyceae, however, several speoies were noteworthy. The group in
greatest abundanoe inocludes Laurenoia poitei, Lophooladia triohoolados, Delesseria
hypogloassum, Hypnea musociformis, Spyridia aouleata, and Halymenia floresia."

On Cubagua, Rhodophyoeae in situ were more important than on Tortuga Island, probably
because of the more stable oharacter of the rocky bottom. Very abundant were Cracilaria
oonfervoides, Laurencia papillosa and Hypnea musoiformims.

Netherlands Antilles: Aruba, Curagao, Bonaire

The algal vegetation types along the . pen ooasts have been deporibed by van den Hoek
(1969) and in bays and lagoons by van den Hoek et al (1972). Horizontal and vertical
distribution as well as oovering is given for more than 200 speocies. Some of these are
known to be eaten or industrially utiliged in other arean: Cladophora, Enteromorpha,
Ulva and Valonia apps, Sargassum polyceratium, Oelidiella acerosa, Hypnea musoiformis and

spinella, Laurencia papillosa.

4. Trinided and Tobago

Richardeon (1969) observed the zonation along a permanent line tranoeot on Trinidad.
Enteromorpha dominated the upper part of the intertidal levels, (ymnogongrus the middle,
and Hypnea the lower part followed by a distinotive band of Sargassum vulgare. There
was a decrease in algal oover from Maroh to May as a result of desiocation.
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On Tobago Island, Taylor (1942) observed a oonsiderable mass of algae adrift and lying
olose inshore although the moccumulation on the beach was not great, MNost of the drift weed
was Rhodophyceae, with a peouliar form of Agardhiella tenera and (alaxaura marginata very
oommon. lLarge masses of Lyngbya majusoula wers observed on ocaloareous sand, more or less
buoyed up by gas.

5¢ Windward Islands

Orenada, 3t. Vinoent, 8t. Luoia, Martinique

No information on quantitiesy and utilization upart from that reported from answers
to Richardson's questionnaire (p. 32).

6 leeward Iulands

Douinlca

Most of the island'm ocoasmtline is dominated by black voloanio sand, inhospitable to
algal attachment. The windward shore is generally bordered by preoipitous oliffs, and
fringing reefs are praotioally non-existent. Poomibly useful speoies among the rather few
mentioned as abundant by Taylor and Rhyne {1970) are Chondria littoralis, Oracilaria
domingensis, Grateloupia filioine and Oymmogongrus tenuis. Shaded tide pools yield large
amounts of Hypnea munroiformis, Jelidiella acerosa (both also on open shores) and Spyridia
aculeata. Various green algae and Sargnesum vulgere may also occur in abundance,

Guadeloupe

In spite of an extonsive treatment of the flora a oentury ago (Mazé and Schramm, 1870-
18/1) there is no recent information.

Hontuerrat
No information available,

Antigua, Darbude, St. Kitto-Nevis

Mo furthar infarmation to that already quoted from Richardson on human consumption of
Buchewna (pe 32).

Hatherlanda Antillens OUt. Martin, 5t. Pustacius, Saba

The arrancements of algae in belts, their dependence on subsirates, topography and
hydeagraphy and their distribntion are treated by Vroman (1968).

Anpuilla

Ho infnrmation nvailable.

Virn Iolands

The biomans of wubtidal scaweedn was studied in Great Lameshur Bay. A wide range of
meanurements was Cound at nimilar depithes and no conasistent pattern was evident. Thur the
maximum and minimum biomass values recorded (780 g/m2 and 28 g/m respactively) were found
at the msama depth — 18 m. The major contributors to biomass were the brown Poccckiella
variogata and the green Anadyomene ptellata, Avrainvillea nigricans, Halimeda incraniata
and Udotea conglutinata (Mathleson et al., 1971).
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Cayman
Bo information on seaweads,

8., Seuth America east of the Caribbean

Guyana, Surinam, French (uyana

No information on seawead quantities and utilization.

9. Aﬁ}antio

Turke and Celoos Islands

o information on seaweeds.

Bahaman
Lahnmast

In spite of an early investigation of the flora (Hows, 1920) and a sociologioal
investigation (Newell et al,, 1959) there are still no records on quantities.

Bermuda

An early publication on the flora by Collins and Hervey (1917) has been followed only
by taxonomic ntudies included in Taylor (1960).

Sargaano Sen

Yince Columbus in 1492 found "la mar cajuda de yerbas" there have been many theories
on the origin of the Ssrgassum weed. One suggestion is that it constitutes the remains of
the flora of a sunken Atlantis (Gerwain, 1935), end there are controversial aschools advocal-
ing that the weed has accumulated from detached plants torn avay by storms in the Caiibbean
area and growing vegetatively into aterile forms, and that the Sorgassum flora conaists of
neparate gpecies living separately. It in significant that our knowledge of Sargasaum
quantities in pomnible replenishment areas is 8o scarce that no authors have looked for

argumenta from this source.

Parr (1939) gives the area of the Surggsoo Sea as 5 million km2 and esolimates the
quantities of Sargassum at 0.8 to 2.15 t/km , which would correnpond to a total of 4 to 11

million tona.
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FISHING AREA 34 t EASTERN GCENTRAL ATLANTIC

1.  Northern subtropioal region between 36° and 20°N

Moroooo is one of the great producers of agar-agar (following Japan, ¥Forea, Spain
and Portugal). Some 3 000 ¢ a year of (alidium momquipadale are harvested in the mseotor
between Casablanca and Qualidia. Important (slidium fields are also found near Tarfaya
in the southsrnmont part of Horooovo, but they arw less known as exploitation is diffioult
with the presant state of communioationns, Other red algne are exported. There are
laninarians in the nector of Safl (Anteay, 1970). At preanent thers are four factories
working up algant in Unsablinnca, Barreohid, Tanger and Kenitra. The latter has used

Japanese technioians and has a onpacity of 1 000 t/ysur (de Crnena, 1971).

In the Canary Islandn tha dominsting spacies ocour in the following orders

(1) at half-tida, a yollow frings gan be nean 20 to 40 om wide, formed by
Cyntonaira anbiaw—uarinng

(14) dimmediately below, thars in another fringe, nome 25 om wide, formed by
boautiful violet-rad Oslidium arbmroula;

(113) below thim, thera ia a wide dark bolt - almomt blaok - whioh oorresponds to
Qelidium onrtilaginnoum,

There are greater quantities of Oelidium on Lhe ocorats faocing north nnd northeast
than on the coante erponnd 4o tha enuth und eacrt. The richast region of Tonerife is
betwnaan Dunnavistn Point and Vienio Paint and inoluden the Bay of Garachico and La Cruz
Harbour (Rodriguez, 1993)). Acocoming to Rodriguer, the yield of (Jelidium from the shores
of the lannry archipelago oun be reackannd at spproximately 100 t/;ear, even though the
Spanish Qovernmont han, by legislation, enforand "olonand ronna™. A later survey, however,
maraly ntates that thare ia very little senvocd in the Canary Tulands (Spain S.N.1.Q., 1968),

Johnaton (1969, 1969a,h) hnm antimated standing ovops and produotion in algal oommun-
itien on Lanrarote, the northornnont of the rain ielindn of th- Cenary arohipelago., No
Galidium wan found heira, In nrann dom§nntad by Cyntomeirn ahins-rarina, the standing orop
amountad to 1 000--1 6 & dry wnight/m'. ITn Padinn-lnlopleris—Jinia comuunitien, standing
crops were only 300-40X) z dry u~1wht/m2. Balow the O=1% n bolt, the rooks wers almost
devoid of algan but on cavly botte am Coulorpa prolifera wunofound at dapths of 3-50 m,

At 35 m tha natending eovop was {ound to be 56 g dry weight/m“. Johnston also gives the
daily produotion ratn for apactar and oorominitien, Tha produciion in the three above-—

mentioned ocommunitien was 8-11, 2~} and 0.07 gC/mé/dny, rospectively.

In the srons of 1fni and Crpa Juby Celidiva sunquipedale appears in quantity and
great rize (ovor 40 em). It iw ancomiysnied by Galidium attenuatum and Q. spinulosum.
Among brown aonweedn the Dnocorhina bulbosa particularly,and also "aminaria ochroleuoa
extend nll over the coant, forming great fielda at low tide whioh are now rnd then
interruptad by randy baaohes. On thena, and fixed to amall rooka covered by sand, one
finds ntrands of Oranilaria, 1ike a horan's tail and over 1 m long. In the Villa Cisneros
area of 3panish Sahara, at the Tropic of Cancer latitudo, (Jelidium and Oracilaria, as well
as Fucun, do not grow in suffioient quantities to be oonsidered of indumtrial interest

(Primo, 1953).

In tha Capa Vorde Inlands, the Portupguese Contre for Fisharies Biology roported a
aoaroh for agar-bearing seaweeds. Innuffioient amcunts were found for oommeroial exploita-

tion (Anon., 1Y60).

2« Tropionl ragion

In sharp contrast to the well-known riohas of plankton and fiun In the offshore
upwellingn relatead to the Benguela Current stands the nurpriningly poor algnl vegetation
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in most of the arsa. Fzisting speoies are in general reprasented by small specimene not
worth collecting. Thers are many reasons for this: open coasts without any archipelago,
uncuitable subatratum like iuterits rockn, sand hottoms ol other moving substrata,
thousands of *ilomeirss of mangrove swamps lining the edge of lagoon asystoms, dilution of
the waters along the shores with fresh water from heavy rainfalle and large rivera whioh
aluo involves high turhitdity. At low water, organisums in the vidal velt may have to withe
gtend abnormally hish salinitiaes under the trupicul sun, or abnormally low ones during
tropiocal Tains. Sunh alrean ars, ol course, uniphebitabls for wil orgenlsng which have not
daveloped protec.iv: mechanieng against such fluotuations in valinity. The oclosed or
temporary lagoons are flooded sunsonally rather than duily. In Kpeshie lagoon, Ghana, a
pnlinity of 72°/00 has Luzen recorded. During the rainy samson aulinity dropa almost to
wero (Lawnon, 1966). iuoh brackish (ocoanionally almont frenh) water, often rich i1
pirticlen, may eeparate the Atlantio shoras and bottoma from the mutrient-rich and - linity=
stahle Qulf of Ouinea wnter from the wnter line at least ne [or out a9 algae oould bt
axpeoted to grow. There in aluo a tremendoun gracing. for ernmple, in western Ghana and
elgewhera one may find in the lower parts of rosky shores practicslly nothing but thousands
of individuals of the nmer nrchin Echinometre lucunter (Lawson, 1266) .

Senogml

Hymiea Apecies ncouny a Yargse part of Lthe gubmarine pre; ciea southenst of Dakar where
they are deposited in groas gquontitien on about 120 ko Af whole betwaen iskar and Pointe de
Sangomar from January to April. At timen the hedght of the dapoaited geaweedr is more than
1 m. They grow subtidally down to  m3; the width of the prairi. dependn on tr2 smoothnens
of the bottom slope and exceceda 172 ki between Mbour and Pointe de Sangomirs Mc 1t of thense
populations consint of Iyinea muncitormin, but eight eorciea ot thipg penus are listinguished

Bodard, 19663 J. Malink, personal communication). Fxtruction ant sotrpogition of carra—
1
geenan were investignted by Mollion (1973).

In February 1772 the constructionm of a factory in W'Guzobil waw ptarted with ~ foreseen
capaoity of 2 000 L dry woight/year (oorresponding to 12 000 t wet weight) from whioh 1 000 %
of traated algae produatn should be produced - all for export, Tha conpany, Sénegnlgues,

a dependent of the Fronch Trancx, calculatses investment coatu at 11.53.%.00 000, Two thou-
pand collectors are already working and anvther 10 0G0 will Ve empicved along the whole of
Petite C8te, It im estlmnind that each man will colleot 20w 300 kg et woirht of Hypnea

a day, earning aboutl U.5.%81.5 to §3 a day.

Other agar—producing algan whioh could possibly be exvlolted and which - ce at present
being studied are Gracilarin chumarunensing G. henrigueainng, Grmrtina pial:lliata and
Anatheca montagnei. Ulva lanctuce 1s nccumilnted in greal quantitiene.

Ivory Coast

The littoral ecoluyy of a niwaber of readily asceaaihle procky At orapa alen T 200 km of
oconst wan studied with a particular interant n p-tiaree of conation (John, 1972). Mats
nf Gel’iium, Grateioupihn filicinn and Bryacled.e wers foeied aver puch of the liltoral at
tt . geaward side of the entranos of the Tavore Riveras Thero ieo- puviking difference
belwsen thip wall developed, Imt poor in apscies, algl "tusf! i the almoat complete
abgence of larger algae atl tha entranca to the Han Pedro Hiver. Most likely thin difference
would be related to the presgure of prazing. Among the prazera oo inrbivore 9 and omnivor-

ous fish and sometimen alano nea urchinge.

Other countries

A

There are no other raporin Crom the tro fenl rrpion thal srpeecoo v oo
P p t7

human consumption or for industrial unée. Some uaaful apeciecr cccur, hourver, rather

frequently. Among rol algne, Gelidium npecies are reported from Faur:tanin, Senegal,

Guinea, Sierra Leone, Ghana, Niperia and Caworonn, bub ern roo” Loth 'n nize and queantitye.

P
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Gelidiopais and Gigartina ooour in most of theme countries and Gracilaria foliifera is
dominant in some looalities in Mauritania., @racilaria and Jigartina are very looalired
and in emall patches. The brown alga Ecklonia muratii and some Cystoseira species are
present in fairly large amounts in Mauritania and Senegal, Sargmssum species in Senegal,
Sierra Leone, Chana and Cameroon (Lawson, 1966), Sargassum vulgare in Sierra Leone is
acoompanied by vigorous growth of grape-like masses of the green alga Caulerps racemosa
(Longhurst, 1958). Only these two apeoies oould be considered as a resource of some
importance (A.A. Aleem, personal oommunioation).

Little is known about quantities, but Lawson (1959) hae analyied statistioally the
weight of plant material per unit area for certain algae (Ulva, Sargassun, Gracilaria)
in relation to wave exposure and 8ther faotorss 1In a tide pool in Ohana the standing orop
of Sargmssum vulgare was 2.5 kg/m® and of Hypnea musociformis growing with it, 0.4 kg/m2
(D.Ms John, personal communiocation).
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FISHING ARFA 37 : MEDITERRANEAN AND BLACK SEA

The seaweed recources of the Mediterrancan pore not very rioh. Nevertheless it is
surprising that there is soarcely any utilization at all, apart from small agar factories
in Bgypt and Italy and a Russian produotion of phyllophoran on the Black Sean.

Among pounible reamons for thim is the fant that the tidal range is mo low that there
are no vast intertidal flatu promoting large arean with a uniform vegetation, easily
acoessible for harvesting. Another drawback to pomsible utiligzation is the poor value of
two quantitatively dominating populations: the sen~grann Ponmidonia, covering vast areas
of soft bottoms, and some 30 spscies of the genun Cystonelra, large bushy brown algae from
whioh the extraction of algin is not at present eoonomivally feasible (see, howaver,
Bulgaria).

1. Spain

A small amount of Laminaria grows from the Strait of Gibraltar to Malaga but it is by
no means ocomparable to the quantities of the northwaestern coasts and is not being nollected
(Spain, S.N.I.Q., 1968). Thone plants '"must surely constitute a real meadow" and "their
abundance may permit industrial exploitation" (Bellén, 1953).

24 *ranoce

There are no records on quantities harvented nlong the Mediterranean coast, but a
factory in Marseille, Iranex, uvaens imported raw material. A species of potential value
is Rinmoella verruculooa, which is rather abundant (Feldmann, 1953).

Bellan-Santini (1969), demoribing mubtidal rocky shore communities ooutheast of
Marseille, also accounts for quantities, thus giving an easily apprehended idea of this
flora, here reprenonted through soleoted data:

. 2 . s . ‘s
Het weipht g/m in some characteristic comminitien

Hinter Summer

Clean agitated water Cyntoseira stricta 6 930 13 215
other algne 562 616

Corellina meditecrranea 1 707 1 615

other algne 1 570 809

Plocamium coccineum 1 443 1 703

other algae 412 547

Petroglossum nicuacense 242 432

other algnn 450 1 081

Clean calm water Cyntoseira crinita 5 880 5 10}
other algae 1271 2 856

Hnlopteris scopnria 3719 1530

other algae 302 202

Padina pavonia 613 2617

otlher algae G680 1187

Medium polluted Corallina offiocinalis 3 457 4 872
other algae 410 199

Ulva lactuoa 1 969

other algae 312

Harbour environment Algae (Mteromorpha + Gorallina) 21-1 017
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Phytosociological and biometrioal aspects were studied by Boudoureaque (1269). A
population of Cystoseira mediterranea at Banyuls—aur-mer varied from 1 800 g/m in January
to 10 100 g/m2 in June. These communities are typioal for vast areasj Cystoseira striota
with subspeoies and ecotypes forms an almost uninterrupted belt all around the wesiern
Mediterranean. Even where other shores have other speoies, the general pioture is still
representative for the Mediterranean in one rospeot: species reaching quantities worth
mentioning are usually either brown algae or ohalk-enorusted reds, in both cases of dubious

value.

The scft-bottom Caulerpa -~ Cymodocea assoociation had in two testing arcas a wet weight
of 2.2=4 44 kg/mz, dry weight of O.4=0.7 kg/m2 and a total green surface of 8=11 m /m sea
bottoms The primary yield varied between 5.4 and 18,7 gC/m¢ 24 h. In comparison with
nssociations of littoral algame on hard grounds these productivity values are to be regarded

a8 high (Gessnar and Hammer, 1960).

30 Italz

There are oertain quantities of useful algae and a conspicuous activity in research
towards their utilization. HNumerous recent studies contribute to the knowledge of the
chemical composition of posaibly useful apecies (Lokar, 19067; tonnnini-lokar and Baradel,
1967; Coussini-Lokar and Bruni, 19673 Pertoldi-Harletta, 19673 Pertoldi-Marletta and
Frvretto-Gabrielli, 1967; Bruni and Coassini--lokar, 190 Bruni et ale, 19685  De
Goraocuchi, 1969; Favretio-Gabrielli, 10693  Favretto-davrielli and Pertoldi-Marletta, 19093
Davanzo et al., 19703  Cunsaini-lokar, 1970). The use of algme in therapy was treated by
Giordani Soika (1966).

Gracilaria verrucosa is the only red algu actually used as a raw material for agar
produotion in Italy. The primary souroe of this material for ihe industry is the lagoon
of Venice, where it prefers dirty water and is found from 0.4 to 0.9 m, a favourable
factor for the collnction (Maldura, 1952). Distribution and polymorphism of this and
other Gracilaria species in the lagoon are anocounted for by Minio and Spada (1950) and
also Sohniffner and Vatova (1938),

Extended populations have also becn found in the Goro bay near Forrara in the southern
part of the Po delta. The n3aooa di Goro" offers excelleni comditions for the development
of Graoilaria. The natural habitat is shallow with an average depth of 1 me FKresh water
inflow 1imits critical temperature rise during summer and near plaoes of such inflow there
are large amounta of nutrienta. Nitrate values are five times higher, and phosphate values
15 times higher, than in the Grado lagoon on the north ocoast of the Adriatic. This nutrient
enrichment comes from irrigation channels crossing agricultural areas treated with fertili-
zers. As there is an intense sedimentation from the turbid water to the muddy bottom,
oompeting species, phaneroyams as well a8 other algae, are absent and the (racilaria
population is almoet mono-upecific. However, there js an epiphytic fmuna of filter—-feeding
animals whioh may amount to 30-40 percent of the total weight of the algal material
(8imonetti, Giaoconse and Pignatti, 1970). Under theme favourable conditions the alga
develops quantities of 2-4 kg/mz with a mean of 3 kghnz giving a dry weight of 14 percent.
Of the dry weight material the agar outcome is 36 peroent. The total mean productivity
of the bay should be 20 000 t/yenr providing 1 040 t of agar.

Not being favoured by agrioultural fertilizers, the Grado lagoon is also subjsot to
limited natural ciroulation and, for the algae, inconvenient water temperatures of 30°C,
On the other hand, the inner Adria has a tidal amplitude of 120 om ~ A high value for the
Mediterranean., This makes a particular kind of environment improvement possible: through
an appropriate olosing system tho surface water acan bo replaced ir a few minutes with a
lowering of temperature of 7°C. 'The offects of enrichment with nutrirnts ore also
investigated by Simonetti (1970).
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In Lago di Faro at the northeast end of Sioily, a rioh ocourrence of Oraoilaria dura
has been recorded by Cavaliere (1969). Other algae present here and known to give agar
of a high quality are also found in the Venioe lagoon system, bul more dispersed and not
grouped in massesn, as for example Gelidium (seven speoies) and Gigartina aocioularis
(Maldura, 1952). Hypnea musciformis should also be taken into aocount. The biomass of
woll developed populations is about 1,5 kg/mz. This annual alga grows on rocky substrates
in 1=2 m depth and reaches its maximum growth in summer (Giacoone, 1970),

The bLest vonditions for extraction of phycoocolloids from Italian Gracilaria verrucosa,
G. vompresga (synonym [t Eurua-pautoris) and Hypnea musoiformis with respect to temperature,
time and pH have been examined by Comssini~lokar and Bruni (1970).

There is, however, another alga which may rather unexpectedly be oclose to indusirial
utilization - the grcen alga Cladophora prolifera. In the Gulf of Taranto in southeant
Italy this spescies ocours in a dense population at depths of 29-34 m from Gallipoli to
Porto Cesareo. The Cladophora bottom covers an area of 32 kn from NW to SE and has a
breadth of 4= km. Caloulating with a vegetation depth of 30 cm of algae and a dry weight
of 15 kg/m? the total biomass should reach 1.4 million tons (Parenzan, 1970). The
estimated quantity per me in 20 times an high as that known from surface water communities
of other Cladophora spncieas In addition to the high biomass content of the population
Parenzan etates that it is growing vigorously in aspite of the oonsiderable depth for a
green alga. He also drawa attention to the protein value, olose to 29 percent of the dry
weight, as compared to 20 perocent for Caulerpa prolifera and 15 peroent for Ulva laotuoa.
It seoms, however, that industry hus beoome interested because of the microclements,

At presont 10 t/month are prooensed on a trial soale and a produotion based cn 50 t/month
is foreseen for use as tertilizer and possibly fodder enriohment.

Fuous virseides, a brown alga contuining alginio acid aund slginates at about 20 percent
of the dry weipght, inhabitse the littoral where it builds up a biomass of about 2.5=3 kg/m2
with a dry weight of 21-24 percent (Lausi, 1967). It is present all the year round.

Being dependsnt on tidal fluotuations, rich supplies of nutrients and not too high
temperatures it iy restricted to the inner Adria exclusively., Variations in content of
alginic acid, smaccarid composition, industrial utiir.ation and the technique of extraction
and purification have been described by Lausi and de Cristini (1967), Coassini~Lokar (1967),
Cerma (1968) and Cerma ot al. (1968),

Gystoueira ia quantitatively a dominating genus, The nitrophile opecies C. barbata
and €. fimbriata in the inner Adria reach a wet weight biomasy of 1.1-2.2 kg/mz. At the
Tremiti Islands in the middla Adriatic, the fresh weight of C. cpicata is 6.9 kg/m2 and of
Ce corniculata 4.2 kg/mz. In the lower Tyrrhenian Sea C, fimbriata has a moan value of
G kg/m and C. ppinona 4.2 kg/m2. The cell wall carbohydrates of C. .brotanifolia were
examined by Coansini-Lokar and Audoli~Tamburini (1967).

Cystoneira ims not even mentioned as a possible ruw material in reviews of economioally
valuable algne by Mautner (1954), Lewin (1962), Hoppe and Schmid (1969) ant Cnapman (1970),.
However, il has boon sntated that C. abrotanifolia, C. barbata and C. meditorranea oan be
rogarded an a raw materinl for the production of alginio moid and alginates (Smith and
Montgomer;:, 1959; Hoppe, 1969).

4. Malta

This island is rich in algae, the ecology of whioh is desoribed by Crosset and Larkum
(1966), Larkum, Drew and Croaset (1967) and Drew (1969).
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5¢ Yuposlavia

The indented ooaatlina of ebout 6 260 lm (including 4 024 ¥m of island coants) with
moatly rooky shoras and & high water qunlity offera exoellent oconditions for algal growth.
The gonus Cystomeira s troated by Rreegevis (1952); Muwla (1962, 1964) diacusses
variationn in ohemical ocompoaition of tha nlgne.

(195277“J§;K;~iu pora rantrninad and ennsluodes Fren his invertdpstion on distribution aund
biomasn of Cynmtor~irn thrt the quantiticy of roch nlope nen malle On aver 1 300 km of
ghore the eotinated manbkitiea ave 9 899 4 Pranh weirhil, greeving on noanall aren of A.2) km2.
Thera nre 13 t of freah weicht per ki of wmoanlend choren but anly nogannty 9 L/km af iiand
ahoren. Tha width of the hede on Lhe moinland da nroomd 8.2 m, on uhe nteep ghores of the
imlanda only 3.9 m. Tha biemuen of syblittornl mamplas on wainland choren wen abost 245
kg/mz, n little more then on the indand choran whape it wen 2 kg/w” (ﬁn”n, 1969). In tha
aulittornl and upper rabliitors! on wvantern Trlrin, andn (1972) medar tank o comprehensive
atudy of algnl bicmnang Mo valnoe of tho fresh aeight G eennead waend durdng the year
botweon 1.2 and 2 kp/m‘ with A mexdmon Cor npittle aneole of 9.5 kg oan a Cyntosairn
agottlement in June. Average protein conlond worn N7 ﬂ/m”, wlpanie »aid A=A ¢ me .,

Sargneoum and Cyotosmedrn era Covzd in rewerkeble quantitien, as wentioned Ly Haldura

S5izn and periodiolty of growth in Slfﬁﬁﬁﬁiﬁﬁ barbn o wore atudien aa part of a tenm
work inventimtion of avhificipgl fortilisntion o o ooy aril s inTluenen on hydropravhy,
plankton, fish nnd shellfidh (Span, 13690, Bulinn et al., 196G).  An anmun). growth of 3~8 om
was found in mature planio, in young aponimens ?u5w3m. i a yrotected neea the growth
rhythm was rather uniform; in a nliphtly expoucd pat of the bay there wan p cpring naximum
followed by a summer minimuma It wan suppowsed {hat Tertilizntion had n popitive eiffect on

the proonno of growthe.

With rogord to the important bedn thay oranta i cortain arenn two red algae onuld
be connidered as nonnible rav materinis: e from whicn tho apar-like subntance
hypnean onn be produced, sad Vidalin, o pn}uﬁninl red alga of the {amily Rhodomelaceae
(Maldura, 1952).

6. Albanin
Yo information is available on quantitices or utilization.

Te Grecce

Most of the submarine flarn econuinin of the {louering plant Pouide iin ogeanicn. Of
the true seaweedr, the important oned are Snrmsium linifolium, CGyator irn squarronn and
C. barbatn. Mucun hag dreaopeared and DictyopboeTis appears a6 o Comron brown algm.
Various kinds ol bnhercene,

nra conmon 6on boulders aad ne epivhyles on Cvatoseira.
After ntorms auch Goding towentopsum 1n washed up,  Ulva ia often gt up in i antities

together with aeagraan amd forms an imporiand maiure for the ficldn, Corallina in prized
as an o{ficient veimifure and ig enlleoted acd aoid to cnasinta (Gerdina, 19555.

-

Among the red nlgne ecann could be used for exitraction of agnr, JHannelidia (1949)
recomnonds cultivation of Gelidium Iatifolium, G. crinale, Gigpacline teedii, Gracilaria
verrucosa, G. compressn, G. dura, Hypnea mnncifsrmin, Porphyra atromrpoures and
Pterocladia anpillacea.

A recent study by Nizamuddin and Lohnberg (1970) of the alyne i nore Gycladen
{slands confirms the impreasien that the algal flora is very poors it oonun {1968) trien
to interprot the ecologionl roquivements of meme alpal speoiers with parsacularly
intoresting distributicn in the Mediterranoan, '
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The seagrass Halophila stipulacea has immigrated through the Sues Canal almost a
oentury ago and now inhabits the whole Greek archipelago where it extends westwards to
Cape Matapan in ths Peloponnesus (Pérds and Piocard, 1964).

8. Bulgaria

The total standing crop of algae is in the order of 100 000 t, out of which 50 000 t
grows in oomneroially harvestable beds., From this latter standing orop 5 000 t a year
could be harvested. At present, howsver, there is no produoction from algae (L. Ivanov,

personal communioation, 1970).

Phyllophora nervosa oould provide raw material for production of the agaroid phyllo=
phoran as in the Soviet parts of the Blaok Seas

Cys*ogeira barbata oan be regarded as a potential raw material for alginate. The
possibilities of utiliging this species are being investigated, apparenily with good
results (Decheva and Khardalov, 1970).

9. Romania

During summer enormous amounts of Ulothrix zonata, the thallus of which consists of a
single ocell-row, oovers the banks of the salt lake Laou Sarat with a green, oompaot mat,
reaching a dry weight of more than 460 g/mz. This dry matter was obtained by sun~drying
followed by stove—~drying and is not comparable with only sun~dried material. It ocontained
30 percent protein and 8 porcent lipids. Investigations into the oultivation of this alga

have been carried out (Ionescu, 1970).

10 U.S.S.Re (Black Sea)

With the pnesage from the Maditerranean to the Blaock Sea the maoroflora in much less
impoverished than the animal forms; only with the passage into the low saline waters of
the Sea of Azov does the number of species of benthic algae drop markedly. Dominant forms
are Phyllophora nervosa and Cystoseira barbata. In a favourable environmeng the eelgrasses
Zostera marina and Z. nana reach a biomass of 5 kg/mz, and average 1.5 kg/m « In the
shallown of Karkinitsk Bay, northwest of Krim, they form a maass of no leas than 200 000 t.
The +total amount in the Black Sea has been deutermined as 1 million tons,

Phyllophora is found along the whole shore of the Blaok Sea, but 95 percent of its
total mase is concentrated in the northwest, in a region called Zernov's Phyllophora Sea.
Here, at a depth of 30 to 60 m, it oovers the mud-shell gravel floor in a huge mpss over an
area of about 15 000 km?, On the average the density of Phyllophora is 1.7 kg/m y but in
maximum aooumulation it reaches 13 kg/m « The total Phyllophora is estimated at 5-6 million
tons, whioh nhould be compared with the bulk of all other maorophytic algae in the Black
Sea which tutal half a million tons, This im possibly the mightient aocumulr-tion of red
alge throughout the world ocean. A Russian industry for the production of the agaroid
phyllophornn is based on this resource (Zenkevitoh, 1963; Kalugina and Laohko, 1968).

The Canpian Sea has a total biomass of maorophytes in the order of 3 million t wet
welght. The only commercial plant is Zostera nana. The resouroces of this mea grass
oonatitute nbogt 700 000 t wet weight. Along the went ocoast red algae have a biomass of
up to 3.6 kg/m , conoisting moatly of Laurencia panioulata (Kireeva and Sohapova, 1957
Zenkevitch, 1963).

11, Turkey

Phyllophora from the Turkish Black Sea ooast has been used for the production of iodine,
It has been shown to have antilipaemic properties alao observed in Cystoseira (ativen and
Aktin, 1964). Cystoseira speoies are well developed along the coasts of Turkey.
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12. Cyprus
13, Syria

14. lebanon

No information on quantities or utilization,

15. Israel

Ulva and Lauroncia are most easily accossible for a possible harvesting.

Ulva, Fnteromorpha and Jania make up a coneiderable part of the cover on a coastal
platform recorded in an inveatigation of nmeleotivity in herbivorous fish, Laurenoix
papillosa, Sargassum vulgare, Acanthophora, Cladophora and Centrooerae spp. are present
in smaller quantitiesj on tho Jertionl wall Jania, Corallina, Gigartina and Pterocladia

(B+ Lundberg, unpublished).

16, Egypt

Seaweeds cast ashore al Alexandria after rough seas and storms have been estimated
at 4 000- 6 000 t frash weight annually. A considerable portion of this in made up of
agarophytes such as Pterocladia canillacea and nggi}nria species, and of alginophytes
giuch na Cystoneira and SArgaeEU. Fterncladia grows in abundance on oxponed rocks just
below tha midwater level. Neverthelenss mamual harvesting is not practicable as the tidal
range 1.4 too low (30650 cm) and the wave effeot too atrong. For sowme years seaweeds oast
ashore were dried and sold to Japan. Now they are extracted as a side production in a

food canning industry in Alexandriae.

The Arabs of Abu Qir have for long uwaeld cortain seaweeds for pharmaceutical purposes.
A laxative is prepared locally by pharmaceutical firua. Digenea mrimplex aerves as a

vermifuge (Aleem, 1969).

The quantity and quality of agar in Bgyptian seaweeds were inventigated by Mohammed
and Halim (1952) and Samaan (1960); alginic aoid from (ystoseira barbata was studied by

1
Salem, Abdel-Fattah and Hussein (1971), and the nutritional value of seaweeds for liveatock

and poultry by Alaem (1961).

The struoture and evolution of the sea grass comnunitiss Posidonia and Uymodooea
in the moutheasteim Mediterranean have teen described by Aleem (1959 ) almo acoounting for
the algne included in these commnities.

The recent migration of certain Indo-Pacifio algae from the Red Sea into the
Mediterranean has been discusned by Aleem (1948, 1950) and Neushul (1969 ).

‘70 Lib!ﬂ
The Government has acquired equipment for processing seaweeds to fertilizers.
Tne flora was deacribed by De Toni and Forti (1913).

18, Tunirina

As early as the 19208 a ntudy wan made on tho possibilities of ulilizing Tunisian
marine plants for fodder. Zonstera maring, 7Z. nani, Cymndocea nodosa and Pouldonia
pceanica wern espeoinlly connidered, but nlpo Ruppia maritima, and among the algae

Caulerpa prolifera and Halimedn tuna.

The submarine prairies in aouth Tunisian waters (nogth of 35915'N) were estimated to
ocover 4 000 }an? in depths of lean thun 5 m and 10 000 km® in leas than 30 me This
vegetation was connidered to raprenent an immenne mtritional reserve to be used in case
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] Bincenosis of muddy sediments in calm water ( MSCW )
N Bioeennsis of terrigenous coastal mud ( TCM)

RRn) Posidonia praivie

[T Caulerpa lawn

/77771 Oflshore zone

cD Biocenosis of coastal detritus
MD Bincenosis of muddy detritus

CSFG Bincenosis of coarse sands and fine gravel under the
influence of hottom currents

Figure 3. Map of soft bottom ocommunities in the Bay of Oabes.
(From de Oaillande, 1970)
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of emergency (Pottier, 1929). Reocently a Belgian firm has shown interest in exploiting
these resources, in partioular Caulerpa prolifera. Their analyses show 29.3 peroemt
proteinms, 25 percent oellulose, 17.5 peroent starch and 1.65 percent fats in the dry
substance. (H. Mignot, Imurex SA, Berchem, personal communioation).

There are four maps of Posidonia prairies and Caulerpa lawns in Pottier's 1929 survey
and one of the Gulf of Cabes in de Oaillande (1970) (Fig. 3). L}

Ben Alaya (1970) has listed the mpeoies of the Gulf of Tunis.

The heavily polluted Tunis lake in autumn has an snoruous and explosively quiok
development of benthic algae, Ulva, Enteromorpha and Ghuetomo;p%n, whioch rims quiokly to
the surfacs of the lake and float in a dense green carpset, e biomass of thes: .lrne is
on average a little lesa than 1 kg/mz. The yearly produotion of Ulva alone oomes to
5 000 t. It has been suggested that a permanent special servioe should remove these aelgae
from the lake and that they be used as a fertilirer for agrioulture (Stirn, 1968).

19, Morocoo

No information on quantities or utilization from the Mediterrar yan ooant,.
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FISHING AREA 41 3 SOUTHWEST ATLANTIC

1, Brazil

In the north of Brazil an extensive progrumme for gseaweed utilization is being
launched, The Algimar company hae built three factories in the mtates of Rio Grande do
Norte, Cear£ and Parafba und organized 165 colleotion centres over about 2 000 lm of
ooastline, giving work to 24 000 people. Strong support is given by the Brazilian
Government} the enterprise constitutes part of' a projoot for developing the northeast
coastnl region, The main harvests ave of Hymmea and Gracilaria; other species being
collected are Agardhiella, Eucheumn, Digena, Gelidiclla, Gelidium, Pterocladiam, Diotyota
and Sargapsum. The faotories making agar, alginates and carrageenan have a oapacity of
500 t of each, and also make peawead meal. Most recent figurer for produotion (19737)
comprire 144 t agar, Y60 t alginates and 11 520 t seawecd meal, corresponding to harvests
of some 14 400 t agarophytes, 96 000 t alginophytes and 55 000 t wet weight of unnapeoified
geaweeds. Tha production is correlated to the development of stook-raising in the inner
parts of the country. There are close to 100 million head of cattle in Mato Grosso. The
transport of meat to coastal consumption areas could not be carried out without considerable
losses in quantity and quality if the pleces of cut meat were not given a thin cover of
alginate before deep freezing. It in anticipated therefore that any quantity which can be
produced will be consuned within the country and only dry raw material in excess of the
factories' capacity will be exported {de Sternberg, porsonal communication). The algae
of the whole area were described by Taylor (1931, 1960).

Out of 201 apecies of marine algao found in the northeastern statem of Brazil by
pinheiro-Vieira and Ferreira (1968) they melected 21 epcoies, all red algaec, as being of
indunstrial interest. Of theme, four are very abundant: Gracilaria ormata, Gracilariopmsis
sjoestedtii, Hypnea musoiformis and Bryothamnion scaforthii. A further seven are mentioned
as abundant: Gracilaria cearensis, G. debilis, G. ferox, G. foliifera, Amanaia multifida,
Vidalin obtumiloba and Apardhiella tenera. The geopraphical, ecological and scaronal
ocourrence of these species is given. The Lottom communities of the northeast Brazilian
shelf are demaribed by Kempf (1y70). The most important feature is the dominance of
cnloarous algae such as Halimeda and Melobenine.

For central and mouthern Brazil there are some extensive investigations of the flora:
Joly, 1905, 1967; Yoneshigue-lragn, 1970, 1970a, 1971, 1972, 1972a. Humm and Williams
(1948) have studied the agar from two Brazilian seaweecds. lypnea musciformis var.
hippuroides should contain more than 35 percent of its dry weight of an excellent quality

aFAT »

No quantitative records are avnilable.

Pe Urumay

A number of amall shrubby red algae species inhabit the intertidal levels. Some are
gaid to bo procesmed by a branch factory of an Argentine industry. High relative humidity
jn the air is a problem for drying.

3. Argentina

The neaweed production of Argentina increased from 2 000 t in 1958 to 24 800 t in
1968. In 1973 the harvested quantities were oomposed of 1 700 t of brown algae, 21 400 ¢t
of red algre, and 1 200 t of miscellancous aquatic plants (FAO, 1974).

Ixports of marine algae and agar-agar amounted to U.5.8$2.3 million in 1967, U.5.31.3
million in 1968 and U.S.$1.1 million in 1969. They representad about 55 percent of the
total exports of fimhery prodnots (H. Barlind, personal communication).
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The seaweed flora has been treated by Taylor (1939), red algae by Pujale (1961, 1963),
hrown algae by Asensi (1966) and species of economio importance by Kithnemann (1970, 1970a
In the north of Argentina seaweed quantities are low. An investigation of trophioc levels
in the vicinity of Mar del Plata, 389S, mentions Codium spp. and Dictyota sp. as the main
primary producers among macroscopic algne (011vier, Bastida and Torti, 1968a). A treatise
on the littoral ecosystems between 12 and 70 m in the Mar del Plata region states that algae
are abaent in the studied area, which oould be related to the laock of light below 12-15m
depth due to muddy waters (Olivier, basiida and Torti, 1968).

In Golfo HNuwevo at 42037'3, another investigation of marine ecosystems has been
performed giving a detailed olassification of the biooenoses at different levels (Olivier,
Kreibhom de Paternoster and Bastida, 1966), In the rooky sublittoral level of Puerto
Pardelas, inantead of the great Laminariales whioh are found in other areas, there is n
rioh community of Codiwn fragile, C. veimilara marking the upper boundary of that level.

A research station, initially for marine algae and now covering the whole field of
marine biology, was set up near Puerto DNeseado in Patagonia at 47°45'S. The Deseado River
mouth bears tidal osoillations up to 6 metres. Aas the coast is often a smooth slopse,
there are very wide littoral and sublittoral belts with densely populated biotopes
(Kithnemann, 1964, 1971). In this region, the marine flora is exoeptionally abundant.
There is kelp growing in 70 m of water. The Maorooystis holdfastes examined by M. Neushul
resembled those of M. integrifolias In Ushuaia, Tierra del Fuegn (water temperature 5°C)
tacrocystis grew luxuriantly in about 2 m of water. Here it had the appearance of N.

angustifolia (North, 1958).

Macrocystis predominates amongst the seaweeds on the Patagonian and Tierra del Fuego
coasts up to the Malvinas (Falkland) Islands. Together with the Maoroocystis beds of Chile
this may very well oonstitute one of the largest seaweed resouroces of the meas. Ecology
and norms for exploitation are being investigated. Other seaweeds are of the genera
Corallina, Gymnogonsrus, Porphyra, Gigartina and Polysiphonia (Nicola and Pecora, 1953).

A comprehensive study of the species of the region was made by Skottsberg (1921, 1923),

Primarily Graoilaria and Gigartina are aotually being exploited on the Patagurian
coant, and on a smaller scale Porphyra and Maorooystis (A.O. Asensi, personal ocommunica-
t.lon)o
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FISHING AREA 47 s SOUTHEAST ATLANI'IC

The sparse information from Angola and Nomibia peoms to indicate that for the Afriocan
west oonst, nouth of Congo to the Tropic of Capricorn, the snme can be anaid as for the
coantline north of the Congo entwsry: tha shore watern do not provide nuoh favourable
conditions for tho benthic algne as do the highly productive offshore waters ftor plankton.

1. Angola

From the north southward to tho Mogamonden aroa the coaot of Angola is roocky. The
gouthern parts are sandy like the Southwenti African onfn.

Gelidiun onrtilagineun, Mypnee bonmmelensig and Peynonnelia capenuig are aparophytes
growing in quantities (ﬁrangor, 1534; Talminha, 1961, 1907, 1969; Palminha, Torres ond

Granger, 1963).
2. Nomlbia

Graoilarin verruconn han baen recorded from Walfish Bay and Liinderitz Bay (Inaac, 1956).

No dnta on quantities are available.

3. Unjon of South Africn

The weaweed repouvcen have been inventigated by levac and Molteno (1953). Ascording tn
their account, the two commarcinlly imporinnt asmrophytes are Gracilavia varmenan and
Gelidiwa pg%utoiden. Gracilavin in onat up in mmeuntn of about 1 0G0 & of dry weed annually
along the 26 km of the Saldanha-Langebnan Logoon northwent of Cape Town. For maops and
details cee Isaac, 1956. Originally, Seouth Afticnn mgor woes obtained exclusively from thia
apecien, but since 1951 agar han bomm produced also from Gelidium priuvtoides. This epecien
is not cast up and has to be collectnd from mid-tide levoln. It is widely diatributed in
moderately warm waters and commeroially onllacted alons 120 km of coantline in the southern
part of the east cosst at the rate of about 80 to ponrribly 100 t dry weight pex annum,

Of potentinl value for the mamfacture of phyoocolloidn i lymea gpigifern, which in
abundant. Aeodes orbitona and Gigartina radnla have both been used for beer fining. An
indication of the abundance of the latter in afforded by the claim that up to 100 t dry
waight per armum can be obtained. Furthor potential agarophytes are Iridophycus ocapensis,
Gelidium cartilsgineum, G. amansii, Suhria vittata and Canlacanthus ustulatus. Porphyra

capenais occurs in quantities but is not being utilized.

Algin-yielding kelps in suffioient amounts to be potent a2l resounrces are Ioklonia
moxima, Laminaria panllida and Bifurcaria brassicaeformis. The latter ise abundant only
botween Gape Town and Cape Agnlhas. Eoklonia is known ap 'bamboo seaweed!, prefers warmar
waters and is found on the west coast between Cape Agulhan and the Tropic of Capricorn,
where it in oant up throughout the year in large quantities. GShuttleworth (1951) has
entimated the drift weeds of Ecklonia and Laminaria at 'many hundreds of thousands, if not
millions, of tonsa", He does not indicnte how he arrives at this estimate, and Isanc and
Molteno (1953) statie "there can be no donbts that Shuttlevorth exapgerates the quantitien
of kelp on South African coasta'. Nevertheless, Shuttleworth's extremely high values secm
to be more frequently surviving in later selections of references even if, from the point
of viow of probability, Issac and Molteno's renmervations are the most appropriatc. The
1ntter give ac an indication of quantitieo the estimate that from five onumerated localitinng
only somo 6 000 t dry weight of mootly Eoklonia can be collected anually. These localities
represent but a small part of the total coantline along which kelp grow. Much of the wert
coaot, however, is vary innccessible for oommeroinl collection.

Suhria vittntn ie consumed in jolliesn.
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FISHING AREA 51 3 WESTERN INDIAN OCEAN

1. Mogzambique

No information available.

2. Madagasoar

The south coast is rich in QJelidium. Some 300 t a year ars harvested, of whioh 100 %
ace imported by Japan.

3, Mauritius

Very large amounts of seaweeds, in partioular Graoilaria, are oast up on the beaohes,
but no% used. Several people are employed to keep a hotel beaoh olean from deoomposing algae.

4. Tanzania

The most important seaweed oommeroially is Eucheuma striatum and three or four other
gpeoins of the same genus. The export of somewhat more than 700 t of dried matter (3 000 %
wet weight) brings looal inoomes around 1.5 millicn shillings. Euoheuua growth is luxuriarnt
- one aingle specimen of E. platyoladum may weigh almost 1 kg. There is still plenty of
ilypnea, whioh is not used. Potentiml resouroes not utilized are found in Sa:gassum and
Turbinaria. 7The green sea lettuoe Ulva appears as four species and ie usuall; found in
oonsiderable amountsj in December it appears in masses (Jaasund, personal oommunication)..

Se Kenya

6. Somalia

Te Ethiopia No information available.
8 * Suda.n

The amounts harvested are estimated at 1 000 t a year.

9. Egypt

The lower liitoral belt at Chardaga on the Red Sea ooast is rioh in brown algae such

as Sargassum, Cystoseira and Cvastophyllume. The tidal amplitude (100-120 om) would permit
harvesting by hand (Aleem, 1969).

10. Saudi Arabia

From the Farasan arohipelago in the southern part of the Red Sca, Klausewitz (1967)
reports & knlp forest gtrip of Sargassum latifoliuwn and Turbinaria cesourrens. Inside
this theiro are sparse populations of C stoseira myrioa, and outside Laurencia. ' Good
j]luptrations are given by Simonsen (1935;. Speoies 1list and bibliography of Red Sea
benthio algae sre found in a oomprehenaive review by Papenfuss (1968, .

11. Yemen Arab Republio
12, Demooratic Yemen No information available.

13, Oman

In four areas reoently surveyed the total atanding orop ocould be in the order of some

2 500 t of Hypnea and 28 000 t of Sargassum. These resources oould form a base for the
development of & seaweed fertilizer and feed additive industry in southern Oman.

14, United Arab Emirates 17, Kuwait
15. Qatar 18. 1Irag
16, BahTain 19. Iran No information available.
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20, Pakistan

There are nearly 900 km of shore to the Arabian Sea with upwelling water, rioh in
nutrients and plankton, but the open coastline, often with loose substrates, makes the
shores less accessible for seaweeds and oolleoctors.

Seaweed communities on various levels were described by Salim (1965). Most interest-
ing as a possible resource is Gelidium pusillum, the dominant speoies from mid-tide level
to the low water mark, whioch forms a denee matted growth on the rooks, easpecially on the
shaded sides. The drift algue which are cast ashore by the incoming tide accumulate in
large amounts cspecially in certain nooks and pockets on the rooky shore. Threes
communities of auch landed drift algme are desoribed. Along sandy coasts Sargassum,
Botryocladia and Hypnea are dominant. In drift oommunities on rocky shorea the same
genera are represented among the dominant epecies, as are also Calliblepharis, lul'/menia
and Dictyota. Agardhiella and Gracilaria may also appear abundantly.

Only one inventigation of quantities has been made covering the intertidal b.lt in
two localities close to Karachi over a period of ono year (Saifullah, 1973). It was found
that production of ceaweeds was high during the northeast monsoon season and low during
the gouthwent monsoon, a period of strong winds and turbulent seas.

In the eastern parte of the localities invostignted, brown algae made up 94 percent
of the total weight of attached seawssds, green algae the rest, while in the drift portion
brown and red algne wore present in almost equal proportions. In the othar locality green
alsae domninnted the namples of attached species, while red alpgue made up 98 .-ercent of the
drift. The dominant apecies was Hypnea musciformis which comprisen 92 percent of ihe total
algae. Evidently the drift matorial consisted of subtidal material only, which was cast
ashore in a heap 2 m wide and with an average weighi of 11 kn/m‘. The almost monospecifio
finding of a much demanded species oeemn promising while the quantitiee on the investigated
part of the shore appear lese encouraging for utilization,

The nubtidel material etill remaina to be investigated but juiging from the drift weed
it will certainly contain considerable amounts of Hvpnea. It seemu reasonable to assume
that Hypnea should be nuitable for ocultivation where the natural s%ands are so abundant.

At Paradise Point the authoy found a rich oovor of Porphyra sp. (Michanck, unpublished)
not previously recorded from Pnkistan but known sinoce 1951 as on immigrant on the
Visakhapatnam coant (Unamaheowara Reo and Sreceramulu, 1963). It should also be worth
investigating the possibilitien of cultivation of Porphyra.

21. Indina

21.17 Demand

Sixty percent of the population of India is cetimated to be vegetarian. Considering
the high total protein oontent in secaweeds, the algne conutitute a potential resmource of
valuablo nupplementary food. Their possible contribution towarda a complete nutrition
frrther depends on the fact that theilr composition of amino acids differs from that of
land plantn and varies betwoen apeciem. Asnartio aold is the dominant one, followed
closely by glutamin acid. In some algne proline, himtidine, leucine and phenylalanine
are found in large amounts (Central 5alt and Marine Chemicals Rosearch Institute, 1971).

At present, however, seaweods arec not used for human oonsunption in India to any

extent comparable with the other countries in the Far Bast. The quantitiog hao-af«?
are taken by industry and it must be foremeen that all production in the near future
resulting from increased harvesting of natural resources as well an that from morire

culturen will most likely be used as induntrial raw material. On the other hand, the asen-—
weed chemioto in the Central Salt and Marine Chemicnla Research Inntitute propose to
extract seaweed proteinn and blend them into suitable food preparations, It has been
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olajned that proteins firow green leuves are cheapsr to extraot, but they lack certain
epsential anino aoids present in secwesds. The industrial dewmand for seaweed raw material
exoeeds present produvtion. About 60 t of slginate (for the textile industry) and 30 t of
agar ars importud every your. Demandn are inorenaing and importe restrioted (Desai, 1967),
The sgar ik needed meinly for the proyeration of cholera vaocine. The demand is 100 t, the
present production only averapgas 50 t a year. About 60-70 t of sodium alyginate per year is
produced from about 700 t of drisd Sarmantum, horvested on the southorn coanst. There are
plans for oxponaioa in the near fulurs sad then the demwnd for raw material will be doubled
(Chinoy and Vaidya, 1990)s  Even thouph cxpoxrt of dried ssaweedu is now prohibited, the

raw naturial ie nol sul'ficient for the prument demands end oultivation of seaweeds is
being taken upe.

21.2 plutadlation

Along the vuastline ot 1adis, xuuky ur coral forwations ocour in the Mandapam end
Kathiawar poriasulaw and in the viuinitlcs of Bombay, Retnagiri, Karwer, Goa, Varkals,
Vizhinjwn, Visakbrpatnam and a few other places like Chilka and Pulioat Inkes. Indian
peaweed repources ars rewtricted to thene areas end to the Laccadive, Andaman and Nioobar
Islands. The richest remourceds, however, and at present the only exploited ones, are
found in the eran froa Yandapam, the tongue of land strotsohing towards Sri Lanka, dewn to
Cape Comorin, the southernmnst point of tho Indian mainlend, and along the Kuthiawar
peninaula, in the northarn part of tho wsst voasts Tho Indion neaweed resources, their
taxonomy, chewint.sy, ooology and utilization are reviewod by Unnmaheswara Rao (1970) who
also gives n comprehennive limt of literature.

Phe distsibution of weaveed ragouncons has Leen mapped by Thivy (1958) (F.g. 4) and
by Unamahsuwara Reo (196Y). Thivy takes into acoount as many as 18 geanera as well as wea~
weeds and wea graagnes onat ashore and used as manure. Unamshesuara Rao ooncentrates on
the four wost imvortaat apar- nnd rlgin-vroduveing ganera: Graoilaria, Gelidiells,
Sargavsum and Turbinzriu. Gracilaria wpsoies are found all around the coauts of India,
G. lichenoides, 30 lowgoona snd pretasted areas, ehtached to rebbles and wholls on muddy

guvstratim, UG. cr:eem in challow nenr-dhors arean, (. yorrvcosm on sandy bottomu of the

galt water lnkes and othor protected arec«, its basal prrte being buried in send or
attachad to amall stunsa. During the mecond world war ajor waa munufactured with
Gracilaria wproiea at the Universiily of Travancore. A oottsge induntry method wan
dovelonad st the Centenl Iarine Fisherisn Research Institvte in Fandapaw using G. liohen-
oidan (Thivy, 1960). Gelidislla noarosn (=~ Gelidjvn rirtdua) ie found on enrf—exposed
areas of the coral raete rnd 1a thorefors restricted to the smdeprn arca snd the north-
westein part of Kathirwar paninsula (Ummmahzswara Rno, 1969). Thiw is mentioned as the
nost important wproiax for the mrnufacture of agar, glving the highest apar yield and ite
agar showing the higheat gel etrengthe In the Mondapam area it ooours 'n quantities of
about 1.5 kg wet weight/m- of raef. At tho time it was identified ma ‘-elidium mioropterum
(Thivy, 1952; Boney, 1965).

Turbinaiin (1. conoideu end two wore wpacies) needs hard bottca snd is J>und mainly
on slialterad poite in the two coral reef areas already montioned. Sargassun (51 speoies
such sy S, ElUEﬁli) hes the widest horizontal as well as vertical distribution. Very
detniled records on brown algne ars given by Misra (1966) in his chapteru on distribution
and seanonal sucoceAwsion.

Tue slanding orop bas been estimsled by Mrvaenivana Rao, Iyenaar and Thive (1964) =t
the northvest end of Kathimwap, On 0,015 2 of & reef area they found 60 t or frsnh
Sorganoum, whioh unken 4 kg/mS. Hornell (1918) estimated the amount of fresh Sargannum
washed achore alung the Knthiawar ooast at about 100 t annually. T

In the Oulf ot Kutoh, north of the Kathinwar peninsula, Deani (1967) gives the very
high entimate of 10U 000 t of harvewtable bruwn algme per year corrcaponding to 10 000 t
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dry weighté Chauhan and Kriehnamurphy (1968) however, in the same area investigating a
good 10 km®, found 19 000 t fresh weight of algin-bearing seaweed, 12 000 t of which were
Sargageun. Coneidering a life span of two years for Sargsssum on the Gujarat coast, "it
would be desirable to harvest only one-third of the available weeds in any one year'",

Four thousand tons of fresh Sargaueunm ie sufficient to produoe about 80 t of alginio aocid.

21.4 Quantities of agarorhytng

Prasanna Varma and Krishna Hso (1964) eatinsted the seuweed resources along the Pamban
area in the Gulf of Mannar. In two seotions oovering 59 kmz. only 0.5 percent had coral or
rocky reefs with economically harvoutable useawead resourcen; these 0.294 km? have an
estimated wet weight of harvestsble Graoilaria of 334.9 t, of Gelidium 18.9 %, of brown
algae 657.9 t, or: agarophyten 1.2 kg/ﬁz, and alginophytes 2.2 kg?mz. Thig estimate from
these two looalities equals or surpuawas Thivy's (1960) eatimate of the total Indi:in
resources of dry agarophytes at pocsibly 35 t. Prasanna Varma and Krishna Rso state that
on an average the red algne (Gelidium microptexrwn and Gracilarias) attained harvestable
gize in about two to thrae ysars while the brovm algne (Sargassuna, Turbinurias and

Cyatophyllum muricatum) required about four yeara. Reoent wtudien by Raju and Venugopal
11971;

and Unamoheswara Rno (1969, and unpublinhod) have showm that thene brown algne prow
to maximum height within one year and that Gruoilaria epp. do not take more than six monthe
to grow to harvestabls size.

In Palk Bay, north of the Gulf of Mannar, Umamnheewars Ruao (1968) ostimated the
standing crop in an area of 3.6 km“. Tho maan valuee for two years of investigations weret

Fresh weight kg m2
in tons
Agarophyten 140 0.04
Alginophytes 148 0,04
Edible algne 217 0.06
Other algune 428 0,12
Total 953 0.26

Gea graus 2 000 245

Sea grass quantiaiea were oalculated only for the anrea actually covered by phanerogans,
0.75 and 0.88 km“ for the two ycura recpectively. The mean total fresh weight was 2 000 ¢

and mean density 2.5 kg/m .

A different kind of ammessmsnt, clcwer to the cuantities available for industrial
utilization, is given by Krishnamurthy et al. (1967). Over a period of three months they
made daily collections of the drift poawnedn loft ashore by the receding tide. At two
gtations — Pamban, the island ridgn east of Mendapam, and Idinthakari, half way from there
to Cape Comorin -~ they eptablizned ten sampling parcels of 10 m each within a distance of
1 km from the shoreline. The weeds were washed and sorted in meven groups, the fresgh
weight of whioh was recorded. Then they were ssparately dried and weighed againe. The
daily oolleotions were added into monthly, for each of the smeven gspeoien groups; the three
months were, however, treated separately during the subsequent chemioal inventigations,
which inoluded moisture, ash, algin, ajar and geveral inorganic componeants. Calculated total
amounts of drift seaweed in tons frech weipght for both ocoastlines investigated were:

Other Other Other
Total Sargassun alginate Graoilaria Hypnea agaro- secavweeds
weedn phytes
Idinthakari
(10 km coastlins) 61.5 154 0.7 2.1 0.7 0.4 11.3
Pamban

(5 km coastline) 16.8 8.9 2.2 2.0 1.0 - 143
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The total standing crop of agarophytes on Indian shores was estimated at 3} 000 t fresh
weight., This figure should be compared to estimates of 1 100 t for Korea and 700 000 t for

Japan (Thivy, 1952; Boney, 1965).

Hypnea muaciformis grows in abundance on the Gujarat ocomst and can be used as a source
of agar-agar., Preparation and properties were studied by Ramarao and Krishnamurthy (1968).

Very high estimates exoeeding 3} UUO t of dry red algoe were given by Demsai (1967).
From sampling in the Gulf of Kutch he concludes 20 t of dry Qrocilaria can be harvested.
Divers employed in the Gulf of Mannar in the richest ground for Gelidium in India observed
a profuse 800 m wide prowth all along the 32 km shoreline inventigated between Mandapam
and Tuticorm; 20 000 t of wot Oracilnria and 2 000 t of wet Geljdium, or 3 000 t and 300 t
dry weight respectively, can bs collested annually from this arca.

Quantities of economioc nlgae in three regions on the west coast of India were
assessed and disousged in relation to subastratum by Desai (1971).

Umamaheswara Rao and Nair have made a still unpublished otudy on secaweed resouroces,
proceeding from data obtained during divings on the southwoat and southeast ooasts of

India. The remults will bo avallable through the Director, Centrecl Marine Fisheries
Research Inntitute, Cochin 18, India,

?1.5 Utilization

The dry weight and value of the agarophyte exporta from India were:

19466 163 % Ru.416 000 U.5.860 000)
1967 198 t Ra.741 000 U.5.3100 000)
1968 92 Re.214 000 U.5.830 000)

Umamaheswara Rao (1969) pointed out that there was a vast scope for expanding the
agur- and algin-yielding seaweed industry in the cowuntry. In order to ensure supplies to
the local industry, export of such raw material is now prohibited.

One problem in prospeoting the utilization of an agaroid resource is the fact that
agar yield as found in laboratory extractionn may be wvonsiderably hipher than it is
posaible to obtain when working industrially.

Perceatnme vield of amar
in laboratory in _industry

Cracilaria verrucosa 3040 25-3%
Cracilaria multipartita 40-50 17
Gracilaria edulis up to 46 20--25
Onlidium amanaii 35 23
Hypnea muaciformis 53-57 15.-20

(Desiknchary, 1967)

Tt ia claimed that the highest yield of agar in industrial scale extraction, viz. 37
percent, can be obtained by pulverizing the seaweed prior io extraction (Shrinivasan and

Santhanraj, 1967).

In the distriot of Ramnad, porridge meal is prepared from sun-bleaohed, dry Gracilaria
lichenoides and other Gracilarias, which are thoroughly washed in a grinding stone, usonked,
ground fine and dried on organdy cleth in the sun.

In the dintricts of Ramnad, Tinnerally and Cape Comorin, it in ~ntimated ithat about
5 000 t of fresh neawend and cea pgrasses are cast up on the shoreu snmunlly yet,
unaccmmtably, they arc not conventionally used as manure. Their usafnlnean, however,
was demonntrated in a field experiment with bendhi (Hibiacun erculentun) plants that
received Hypnea compost and ahowed 73 percent increase in yield over thorma that received
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oow dung and ash, fruiting reaching its peak a month earlier in the former set of plants
(Thivy, 1958, 1960)s Bokil, Mehta and Datar (1972) studied the effect of seaweed manure,
farmyard manure, inorganio fertilizers and oertain oombinations of thoae, on pearl mullet,
Pennisetum typhoids, and groundnut, Araohis hypogea. The results were oomparable, but
mostly not otatistioally significant. In general, the psrformance of treatments in whioh
geaweed manure is inoluded is better than other treatments.

21.6 Cultivation

Life history, nutritional requiremonts, amino acid oomposition, eto., have been
gtudied at the Central Salt and Marine Chemicals Research Institute, Bhawmagar, on speoies

of the genera already mentioned as well as on Ulva, Cystoseira and Hormophysa spp.

Following experimental oultivations of Gracilaria edulis near the Mandapam field
station, the ideal time for planting was observed to be June-=July. It was also found that
three harvests ocould be obtained, the first in five monthe after planting, the second three
montha later, and the third a further two and a half months later. The annual yield has
been oaloulated at 3.5 kg of fresh geawaeed pel metre of rope (CSMCRI, 19713 Raju and

Thomas, 1971).

In cultivation experiments it was observed that there is a time leg of about 9-10
months before Sargassum is able to @ettle on an artiticial substrate such as fresh oonorete

oylinders. Then the growth is fairly rapid as near-mature plants are seen within nine
months after the appearanoe of young plants (Raju and Venuygopal, 1971),

In addition to the method of mosklng the oultivation substrate with ppare-emitting
agarophytes, menual transplantotion of plent fragments is also used, From Oracilaria
edulis fragmente of 2.5~3 om were most suitable for inoerting into the twists of 7/8 inoh
coir ropes, as shown by Raju and Thowas (1971) in a paper richly illustrated to demonstrate
the method of growing QGracilaria on ropes.

Gracilaria corticata, generolly groving in tho clear oonutal vaters of Veraval, was
sucoessfully cultured in turbid waters near (Jopnath thus demonstroting its ability to sur-
vive and proliferate in such waters (Sreenivasa Rao, personal communication).

22, Sri Lanka

Commeroially worthuhile quantities of puonwueds are fonud in three principal areass
Kalpitiya and Mannar on the west ooant, and Trinoomnles on tho enst ooastj all of them
on the northern half of the island. A map is given by Durairatnam and Medoof (1954).

"Ceylon moss", Oraocilaris lichenoides (eyn. G. EEELEE)’ is colleoted by hand in ehallow
water in the Kalpitiya distriot. It is the base of a small industry. Exports to England
of dried bleached Ceylon moss were approximately 2.6 t in 1913 and 7 t in 1940. During the
gecond world war, 9 t a year vere exported to India, then this trade ceased., 3Ifforts are
now being made towards an inoreased utilization. It has been estimated that a minimum of
some 18 t of dried seaweed could be produoed annually, or with a oonversion factor of
seven, 126 t wet weight. In Trinoomalee alone, about 75 t of Oraoilaria verruoosa wae
oolleoted in 1960, It would be possible, however, to produce at least 250 t from this

ocast (Durairatnam, 1956, 1961).

Along the southwest ooast of Sri lanka Sargosgum g1'OWO mostly on dead coral reefs
whioh are aexposed at low tides. The quantities were surveyed by Durairatnam (1966) who
found a harvestable total of 775 t wet woightj the dry weight of this would be 129 t.
The dominant species is Sargasaum cervioone, mature receptacles were observed in December
and January. The best period for harvesting is December.

The large fielde of species of Sargassum end Turbinaria in the very ghallow waters of
the north do not appear to have reoeived the attention they deserve (Holsinger, 1952).
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(racilaria liochenoides, loocally known as chan-show parsi, is used by Sri Lanka
fishermen to prepare a kind of soup as well as pudding and jelly. Padina commersonii and
P. totrastrouwatioa ars both either eaten as salad or used to make a gelatine~like aweest
{Subba Rao, 19C5).

23, Maldives

The Maldive Islandy ara poor in speoles and espeoially in large and conspiouous
algee. Sargonuuw io absent aa in many Paocifio atolls. Only in the southernmost atoll
is the 1littoral vclonized by muorosoopic algae and turfs exposed on the reef flates instead
of being oconfined to orevices, 3Some limiting faotors are probably lack of nutrients,
isolation and grazing by herbivoroua fishes (Haokett, 1969?.

24. French Southern Territoriea

Kerguelen has a nunber of fjords and islande providing a very long ocoastline with
enormous amounts of Maorocyutis pyrifera and Durvillea antarctica kelps and also enough
red algae (Iridaen) to support a oarrageenan industry. Recently, Kerguelen and Crozet
Islands were covered by infra-red photos, still not evaluated. Ile Amsterdam is voloanio
and has no archipelango. (Delépine, personal ocommunication)

In the Baie du Morbihan on the east coaast of Kerguelon as aseensment of quantities
has been made (Grua, 1964). Maorooystis covers 45 km® in the bay. In clear waters the
population extends from 8-15 m, in less transparent waters from 1-12 m,

lovality No. of Mediur length Total of stipes  Weight
ptipos/m? of vegetation (m) per m? (in m) (kg/m2)

Gleurs wateoro 20 25 500 95
Mediwn transparent 60 11-14 660-840 125-160
Least transparent  90-290 8-11 720-3190 137-606

The total blomasu of Mnorocxntis in the bay was ocaloulatoed at 6.3 million t., The
undervegetation of Macrroystis in some of thesec stations amounted to:

lLoonlit Depth Inclination Animals Algne Anima 8 Algae
L T ofowsits (B (@) (e
Clear waters 15 horizontal 20 80 3.8 1544
" " 15 vertical 80 20 10.2 245
Medium tranoparent 7 horizontal " 89 a0 5
Least transparent 5 vertical 90 10 104 12

The total biowasn of the Macrocystis undergrowth was estimated at 2.8 willion t in
tho parts cf the bay covered by the kolp (Grua, 1964). Thuo the total biomass of the Baie
du Morbihan is 9 million t acoording to Grua. This figure ocould be compared +s the wet
veight of the total world harvest of seaweeds as we Imow it from the statistios - 800 000 t.
Even if Grua's lotal io an overeatimate by as much as 10 times, the faot remains that
Korpuolen has ~ne of the world's richest seaweed resouroes, Other parts than the bay
investigated are aloo rich in seawceds,

The hydirographio conditions of this luxuriant vegetation are interesting: 4-6°C,
20 microgramatoms of N/1 and about 1.75 of P/1.
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FISHING AREA 57 3 EASTERN INDIAN OCEAN

Seaweeds are frecquently oonsumed within the region. Large-soale harvesting for the
manufacture of refined produota with records on quantities is known only from Tasmania,

Australia.
1. India (east coast N 10°N)

In the coz—-oconnected Chilka Lake on the northeast ooast it has been estimated that
about 4-5 t of agarophytes are washed ashore annually.,

In 1967 the harvesting centre Periypatnam on the Madras coast yielded in wet weights
Gelidiella acerousa, about 500 ¢, Gracilaria lichencides, 155 t, Sargassum epp., 35 t
(Umamaheswara Rao, 1969).

There are nc records from the Andaman and Nioobar Islands.

2, Bangladesh

No inforuation available.

3. Buina

Catanella impudica is sold in Rangoon for food. It is also known cs Burmese moss or
"Kyaukpwint"« It is collected from the rocks at low tide, dried, dipped int: hot water
and eaten with oil, salt and prawns, like a salad (Kirby, 1953). Other red algae, mainly
collected along the coasts of southern Burma, and regularly oonsumad, are Bosirychia
radicans, Gracilaria, Calogloosa spp. and Catanella nipae (Boergesen, 1938; Subba Rao,
1965). Gelidium, Sargassum, Chaetomorpha and Enteromorpha are also eaten. Blue=green
algae {rom fresh water {(Miorooystis) are taken from the water with a bamboo sinve
squeezed and fried with dried shrimps.

4. Indonesin
See Area 1.
5 Australia

Tasmania, colder than mosat of the Australian oontinent, may have winter temperatures
below 100C, and is the only seaweed harvesting and proceseing area (Womeraley, 1971,
personal communioation). The beds of Maorocyatis pyrifera on the east coast of Tasmania
have been estimated to yield 355 000 t fresh weight if three orope a year are taken.

(This however is most likely an overenstimate, maybe as much as 10 times too great, and may
have contgihutcd to certain diffioulties for the prooessing faotory.) They ~over an area
of 120 kn“, growing in depthe of 3.5 to 30 m. The harvesting is highly mechanized. A
specinlly designed vessel with blades similar to those on a hay mower outs the weed at a
depth of 1.2 m below the surface. The vessel han a orew of four men, a capaoity of 20 t/h,
with a carrying capacity of 45 t eaoh trip. The company working in southeast Tasmania is
now curveying prospects of harvesting new beds on the west coast of Tasmania and in Bass

Strait {Anon., 1969).

In southern Australia there might bte a further 1 400 000 t of Macrooystin (Chapmar,
1970). It is not oxplained why this resourc?, alleged to be so much larger thar. Lhal of
Tasmania, is not utilized. The wpecies in this area however is M. anguatdfolin, Lo apors-
phyte of which normally res.ues 6 m (o8 compared to 60 m in Tasmanian M. pyrifera). Tt
grows just above extreme low water to about 3 m below low water, usually forming a belt
along the coawt (Womersley, 1954). Consequently it is not available for mechanical
harvesting.
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An agar industry developed in Australia in tho years of the eecond world war but ceamed
gome years later when Japanese producte camo back on the market. It had been shown,
however, that suffioient beds of Oraoileria confervoides existed in estuarine bays on the
New South Wales ocoast and that a good quality of agar oould be produced from it. A possible
produotion of 100 t or more of agar per &annum wag estimated. At the end of the 19508 a
(raoilaria export to Japan vwas started. In woutsrn Australia Eucheuma speoiogun was used
for agar, being harvested from drirt weed only (Womerzley, 1959). Storms, pollution and
ghipping have now removed the bedw of Ormoilaria in Fotany Bay, near Sydney, which wa# one
of the mein reglone (Womersley, personal comuanioation).

The Australian Aborigines are roporled to use oertuin -.ecies of seaweed, especially
Saroophyous potatorum, as food. The veaweed im dried and roasted, after which it is soaked
in fresh water for about 12 h before consumption (8ubba Rao, 19655. During the last
century, and to some extent this century, Fuchewnn wpeoiowum and Ptarocladia lucida ‘iere
uuved for making jellies in Western Australis and (racileria was gimilarly used in Tacwania

(Luoaa, 19367 Wood, 1946) . -
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FISAING AREA 61 t NORTHWEST PACIFIC

Japen i by far the world's lzrgest producer of secaweed products. Offiocial data for
China are not availabls but prodi-tion muat be assumed to be ve.y high. The Russian figures
for "miscellaneous aquatic plants" wre of limited value as they also inoluds unspeoified

quantities of shellfiah,

1« China

The Chineme have approointed woaveeds in their food for at least 25 ocenturies. MWost
of it has been imported, as much of the ooant is unfavourable for algal growth due largely
to reduced salinity, pawcity in nutrients, eilty water and muddy bottoms in the north under
influence from the major rivers, and too high water temperaturam in the south. During the
last 20 years, Loweves, there has boon a boom in kelp produotion. The dry weight output
roge from 54 t in 1952 to 24 000 t in 1959. In torms of freah weight this is equivalent to
328 ¢+ and 145 680 t roppectively. The 1959 figurse corresponds to estimates of the Japanese
Laminaria harvest of kowbu at the sawmo time. The enormoun effort resulting in thies inorease
in kelp produotion is not only part of a progremme to meet the nation's inoreasing demand
for food. Xolp certainly la an inexpensive 61 1, favournd also by inhabitants of inland
provinces, and is eapacially popular during the seanon when groon vagetables are not
readily availablo. A opooial rocpor {or the Goverumont to support this orop is the demand
for iodine in Chinn.

Before 1949 ao much an 40 000-50 000 t of dried goawoed were imported snnually (Cheng,
1968); Kirby (1953) quotes an averago of 326 000 t for the ysers 1935-37.
In 1962 it wan forecant that China's snnunl production would exowad 100 GO0 t dry weight
within a few yeara, Chineno exportn cstimate, however, that to wil2quately moet the
nation's demand {or kelp an food and induatrial raw material, an ennual production of
approximately 1 million t dry weight would be required. It is oonsidered that through a
maximal exploitntion of poaaible roncurces evan thin could be achi-ved,

The abovementiioned kelp produotion boom refers to one speoics only - Laminaria japonioa,
known as Haidai, '"nsea belt" — nand the figures reflect a devslopment from kelp produotion
baned on the nntural growth on rocky bottoms to large-ncale cultivation on bamboo tube
rafts and on ropas. Dntailn ave giveon for two provinoas (Cheng, 1968):

Linoning Provinoe Shnntuns Province
- Culture by
Flonting Sen Flonting Son ruft method
raft floor raft floox Total { percentage)
19¢.2 0] T2 62 0 134 46.4
103 0 451 169 68 689 24.5
19 15 813 457 244 157 31.0
1955 147 1 411 1 089 520 3167 19.0
1556 241 701 2 107 305 3 356 70.0
1997 3763 2 604 4 873 881 12 9L 654
198 18 397 4 539 13 207 1 378 37 521 84.2

The Goverrment input in promotiiny this mass onltivation of laminaria japonica can be
axprenged by th~ figurns for algologinto — 10 in 1949 and 1 000 in 196}, or for renearoh
inatitutiona ~ sne in 1949 and 23 in 1963, The finhermon (marinn fnnneru) have been
o gaged in the no-called "throe-fix polioy" of the commune ayntem, i.c., fixed production
quotas, firsd catch or harvest quotms for nale to the commune administration .t cul-rate
prices, and fired territorioa for fisnhing or aquaoculture. Additi-nal taxos ~re imponsed
upon workers who fall to join a commune. Techniclann and skilled work-ro arn irained.

In Fukien Provinoe alone 20 00U people hnd mnstered the technique of kelp cultivation by

the oarly 1960a,
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A most imporiant innovation is the extengion of kelp oulture to south China. While
in 1958 production was atill oonfined to the Liaoning and Shantung Provinoes, since 1959
transplantations have been successfully made in the provinces of Kiangsu, Chekiang, Fukien
and Kwantung (from 399N to 23°N). Nurseries in IMta (an area including Shanghai) produce
3 800 million young plants for China's seven coastal provinces. The methods for long™~
distance transportation of living young aporuphytes (temperature, oxygen, moisture and
micro—organism control), as well us the growth in waters warmer than within the natural
range of distribution of the upsoies, are desoribed by Cheng (1968). He also giveo
details for single- and double-line bamboo tube rafta, for sea floor culture and "tiered
farms" for kelp ocultivation in intertidal pools constructed by means of dams built of

rocks and cement.

The waters of the Yellow Sea are gorerally defioient in nitrate nitrogen, the content
rarely exceeding 5 mg/m3, an inadequate supply for commeroial growth of kelp without the
aid of supplementary fertilizers. Waters along the east and south China coasts ccniain
larger amounts, e.g., 86-227 mg/m3 around Choushan archipelago in Che}‘ang Province, and
86-123 mg/m in Fukien Province. Even the most hostile waters of the Yellow Sea, however,
have been made receptive to sucoesaful cultivation. Poroun oylinders containing nitrates
are suspended from the raftsm, and during the growth of the young plants nutrients slowly
geep out through the walls of the olay cylinders (Cheng, 1968). Chinese authorities are
now considering another substitute wsource of fertillzer for laminarias large-acale
introduckion of nitrogen-{ixing blus-green algae and baocteria into the Yellow Sea
(Bardroh, Ryther and Mclarney, 1972).

Raft oulture is reported to yield 8 t dry weight/heotare. Kelp on rocks or on stones
deposited on the sea floor may yield more than 10 t/heotare in fertile looations and half
as much in other places., One labourer can manage 2 heotares of sen floor culture. The
annual oost for labour and materinlo averages U.5.8400 per 2 heotarca, while the market

val\ﬁ of the kelp produced is U.5.58 000,

Around the ewtuaries of the lerge rivers water tranepurenoy may be limited to 10 om.
The snbsequently poor penetration of light ensrgy, however, does not prevent these areas
from being used for cultivation, and in fact kelp cultured in such turbid waters grows

1-2 cm a day in length (Chong, 1968).

The kelp npecies Eoklonin cava, Sargagaun ‘usiformis and Underia pianatifida arve
also eaten in China, as well as a nunber of blue-green, green and red algae (Kirby, 1953;
Chiu, 1958; Johnston, 1966; Chapman, 1970). A blue-green land alga Nostoo commune and
jits variety Neratonontoo flagelliforme are gtill used bv the Chinens of the interior for
food. The green algae Mongstroma ni tidum and Enteromorpha app. are uged for making
spring rolls. Ulva pertusa and U. lactuca are mootly used for medical purposes. All
theso green algae grow abundantly in rather sheltered plaoces around th2 coast of Hsiamen
(Amoy). Three red scaweeds are also eaten in the Heiamen region: Porphyra suborbiculata,
also consumed in large quaniities in the interior of Fukien, Gelidium divaricatum and
Gracilaria verrucosa (Kirby, 1953). Digenen pimplex has great ecoromic importance as an
antiholminthic. From tetrasporic plants of Uloiopeltis furcata a paste is obtained whioch
ip uned for silk sizing. Over 500 t a year are gathered (Hoppo and Schmid, 1962).

Agar was originally produced in China and wao introduoed into Japan in 1662. The
industry declined, however, and in 1937 China hed only three factories, produoing about

35 t.

In the coastal provinces farmers have uned Sargaosun gpecien, in particular
S horneri, ane a fertilizer for oweet potatoes, groundnuis, coconuts and coffee; often
the ash from burnt weed is applied to the orops. Farmers prefer this %o other fertilizers

(Kirby, 1953).



FIRS/T138 81

2. long Kong and Macao

Hong Kong is known for its seaweed trade. In some ocases where seaweeds have been
sold ag having Hong Kong origin, the quantities are *oo large to have possibly been
harvestod within the areca. Iocal resources of importas..~~ are Ulva lactuca, Sargassum spp.
and Porphyra suborbiculata (Chiu, 1958). A tea brewed from Sargasoum or Laminaris ie used
against fever and blood diseases. An antihelminthio from Dipenea is important. A paste
for sizing silk is obtained from tetraspcric plants of Gloiopeltis (Chiu, 1956).

3. Democratic People's Republic of Korea

No information is available.

4. Republic of Korea

Thin is probubly the world's third largest producer of seaweeds with regard to
quantity and second largest with regard to value. The main area of cultivation is the
south coast. The castern ooastline is otcep, hae rough weather, and there is no ocultiva-—
tion; the west connt hame n turbid brackish surface water, poor in certain nutriente.

The most imporctant peawecda quantitatively are the kelp Undaria, mainly produced from
marine fisheries, and the laver Porphyra, exclusively from aquaoulture. The main market
for Korean-produced liwver is Japun and production depends on the Japanese demand. Laver
culture han progressed from 10 000 t in 1965 to 36 000 t in 1970, and at present the Office
of Fisheries han no agpecific plan to further increase the total production but is concen-~
trating on improving the quality and reducing prrductior. oosts (Honda, 1970).

The following quantitien of seaweedo (in thousands of tons fresh weight) were harvested
in 1970 (FA0, 1971):

Brown 47.2 Red 35.8

Aquacul ture 6.6 Aquaculture (Porphyra)

(Mal, Mi-Y6K)

Marine fivhervices 40.6 Green 142

Ml (ﬁﬁfg@nuum) 2.2

Mi~16k (Undaria) 38.4 Marine fisherias
Miscellinrous aquatic plants 3244

aguia L are 1.9

Yarine fioherien 30.5

The mijoi nposien of laver currently cnltured in Korea are Porphyra teneora (asakusn)

P. yrzoonnin (susabi), P. seriata (ichimatsus) and P. kuniedai. Trannplant1ng experiments
have beren car:.od ont in the search for the best chcies end races. It ie mafe to trans-

plant ther {r . the time the eporelings can be seen with the naked eye until they have
grovm to ¢ or . cm. During thie time the sporelingc can remain in a dry condition for
three daye any 2an therefore be tranaported long distances for transplanting. If the
"green laser' snteromorpha occurs, it ocan be eliminated by erposure to air for one day.
Thin operatintg nan to be done before the laver have reached more than 1 cm, as after that

aleo the laver oudn may be Jdamnged by the drying.

An frr oo quality (lustre) and yield are concerned, horizontal culture methods are
far guperio: o vertical cultnre methodr. The "net hibi" inetallation produces a more
trader 1aver t'an the yenerally used "split bamboo floating hibi" method. Laver collected
after Febrin - shows prradual decline in quality standard. The main cause for this is the

reduction of ~atrient salta around the culture area at the same timec as metabolism
increanon wita risre in water temperature and inoreased hourn of sunshine. The mean NO3-N
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content at Chikuto, a south ooast station, during November-February is 63 mg/n3, while at
Tayato on the west coast the corresponding mean value is 29, At the end of Naroh both
stations are down in low values, 15 and 17 mg/n3 respectively. The minimum nitrogen
requirement for healthy laver growth is 30 mg/m3. It ie olearly evident that the looa-
tions of laver farms in Korea ooinoide with the area of higher oontent of N. Seleotion
of sites for new laver culture is also based on the resuits of surveys of nutrient levels.

In view of the faot that in a bad year laver production goes down to half that of a
good harvest, Chyung and Kim (1966) investigated the reasons for suocoess and failure.
It was found that bad yenrs were connaoted with high aean water temperatures; > 130C
during initial stage of growth after budding gave & bad yesr and so did the same tempera—
tures at the initial period of harvest.

In addition to Porphyra, Sargasnum and Undaria, which arse acoounted for separately
in the statistios, numarous othor gonera are utilired. 1 800 t wet wei ht of QGelidium
amansii and other (olidium mpp. aro oolleoted from natural habjtais on rooks, Included
in "mimcellaneous aquatic plants” are Pachymoniopais spp. and Chondrus ocellatus. Among
the rod algac there are also oertain resouroes of Graoilaria verrucosa, Gigartina tenella,
Laurencia spp. and Chondria orannicaulis (J.W. Ksug, Pusan Fisheries College, personal
communioation).

In order to increase the production of agarophytos, in partioular Gelidium amansii,
rooks are lsid out and reefs are built. The agar-ylelding speoies do not develop much
during the first year and production should not be expeocted until the geoond year of
operation. Further, the natural rooks are sorubbed and transplantations carried out.

Almoot all agar-ngar material landed hae been colleoted by female skindivers, some-
times with diving equipment. The harvest per diver per day is 7-10 kg dry weight, whioh
with a conversion faotor of 4-5 meken about 35-45 kg wet weight. From Japan, 50-55 kg wet
weight a day has beon recorded. Boney (1965) quotes Thivy's 1952 eatimate of the total
agarophyte standing orop for Korea at 1 103 t frosh weight.

The green algae are Ulva portusa, Enteromorpha spp. and Monostroma 8pp.

The brown alga Undaria plunatifida is oolleoted from its ratural habitats which are
traditionally extended by rock laying. Also uninhabited imlets like the Dok-Do (Liancourt
Rocka) in the Sea of Japan are ocoanionally visited by women gskindivers cocllecting Undaria
pinnatifida (Xang and Park, 1969). Rope cultures, like thome widely ussd in Japan and
Chinn, hnve been introduced but are making slow progress a8 they require rather muoh
investment and there ip already a large natural production.

The Sarganssum harvest is mainly from S. hornevri, S. thunbergii, S. sagamianum and
Se fulvollum. "wother important brown algn is Hizikia fupiforme with the local name "tot's
Over 500 t per year is harvested. There are also oonspicuous resources of Ecklonia cava,
E. stolonifera and Soytosiphon lomentaria (J.H. Kang, personal communioation).

5. Japan

Japan is the leading nation in seaweed utilization not only with regard to the
quantities actually harvested but also to traditions, teohniques and diversified prepsra~-
tion for human conpumption. In pseawood researoh Japan holds a top poeition. Consequently,
Japanese mothodn for the cultivation of seaweeds and preparation of geaweed producte have
beon reviewsd by many authors: Bardnoh, Ryther and MoLarney, 19723 Boney, 1965; Chapman,
19703 Dawaor.. 1966; Hoppe, 19663 1Ivermen, 19683 Kirby, 1953; MacFarlane, 19683
Oka~pki, 1971: ‘ubba Rao, 1965; Sundene, 1962; Tanikawa, 1971. For illustrations of
sultivating ar i harvesting arrangements see in particular MaoFarlane, Okazaki and
Sundens. Various aspeotis of Japanese peaweed cultivation are treated by Furukawa, 19723
Iwasoki and Matsudaira, 19583 Kurogi, 19633 Kurogl et al., 19714 and Yamada, 1959.
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5.1 Importarce and demand

Tho sesweed frection of tha 4ntal landings of fishery products, inoluding fishes,
molluson, seaweeds, crustuceans, pinrls, whales aud other marine animals, amounts to
5 peroent of the weight but 10 puiunat of the value., Within the seaweed fraction Porphyra
nwkanda for 30 peroent of the wuipht but 75 percent of the value. Laminaria is greater in
bulk, 33 poroent, but muoh lower in velve, 11 peroent. Undaria comes third with 22 peroent
and 9 percent respectively. The agnr—agar ylelding speoies represent 4 percent only in
auentiity and, surprisingly, s meve 2 pervent of the value (Yamamoto Nori Research Labora-
tory fignres for 1969).

The number of processliing plvubty oy dvied sasweed products is as high as 160 000, or
mi;ce thau 80 peyoeut of Lhe t.lul nu. ber of land-based Japanese fishery prooessing plants
(Steiiatios and Survey Depavtwent, 1972). Thess figures refleot the faot that meaweed
processing, aund in particnler thet of notri, requires much manual labour and is to a large
extent managad In swmall units, which arve guuerally femily enterprises,

Averags yield of woin sesweeds in tons dry weight (Okazaki, 1971)

Ureen :  llva 4 018
Enteromorpha 3913
Browm @ Jomivaria 36 600
Undaria 12 586
Bimening Bebloaln 5> 421
Hizilda ' 2 369
Alaria 1 300
Leklonlajaig 428
Srrpasron 354
oy achig 152
Homroystus (Manoglodn) 115
eterochoriors s 14
e P hyia 6 660
Iridephyni 176
Glojopeltis 608
Chondrun 565
Pachymeniopain 492
Digansa 281
Otherg 141
agnroids: Gelidivm, Bockerolln 4 050
Gracilaria 1 65¢
Acanthopeltis japondca 179
Ginmylaephora 132
Pterocladia tonmiis 131
reramium 710
Others 233

Total 73 374

In sddition to the genweod produced in Japon, inoroasing quantities of raw material
are imported. ‘The following datn are %aken from Fisheriea Statistios of Japan, 1969
(statiotics and Survey Dept., 1972):
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Other marine animals Other seaweeds

17
¥elp (Wakame:
Undaria pannati-
fida)

98 b

Marine products, welght (1969) Scaweeds, fresh welight
total 8354 x 107 t total 440 x 107 ¢t

Other marinc_animals

Other seaweeds
2.7

har-agar
1.8
Kelp (Wakame :—
Undaria pinnati-
fida)
7.0
(Kambu'
Laminaria spp.)
1.7
//,-(Poxfphyrq spp.)
4’,// 5 .87 /
Y,
Marine products, value v Seaweeds, value

total 816 x 109 yen total 80 x 10q yen

Usii-bay

/'Snnr iku
fMat sushima
{ ~hay

) ~lintouchi o
¥i r.|-ky|15'l1u/ e fff'r’;xkyu-bay

D‘i 1se~bay
At inke-bay

o/

Main laver-producing centers in Japan

Figqure 5. Quantities and value of marine products amnd laver production in Japan.
{Aftor Ochusa 1971)
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Import of seaweed in million U.S. dollars

Year Dried neaweeds Raw dgar-agar

1 W = ON

1965

1966

1967 1
1968 1
1969 1

-~ NO VY
VN30
NN -

Country of origin and value of import in million U.S.$, 1969

Korea, Rep. 17.9
Chile

Argentina

South Afrioa
Australia

Mexico

QOO O0O
e & o @
801\)0\@0

o

It appears that '"dried seaweed" means dried Porphyra and Korean "nori" only.
The rapid growth of this importation explains why in Korea present efforts are directed
towards meeting the quality demands and prioes on the Japanese market. It also indicates
how Japanese demand is growing faster than home production. "Raw agar-agar" may stand
for oertain dried red seaweed speoies only, whioh means that this breakdown does not
cover the total import of scaweeads, brown algae like Maorocystis being omitted.

The exportation of agar from Japan totalled 700 t, valued at more than U,S5.% 4 million
in 1967. The same year Japan imported 12 000 t of agarophytes. A Japanese top import of
2 285 t of Gracilaria in 1967 was abruptly cut down to 158 t the following year oausing
serious socio-economic problems for fishermen and dealers in exporting oountries (Kim,

1970).
52 Distribution

Phytosociological aspects of the intertidal marine algas all around the ooasts of
Japan have been studied by Taniguti (1962), who regrettably gives no data on quantities.
Hokkaido Island in the north and the northernmost part of the east ooast of the main
island, Honshu, are regarded as belonging to the subarctio region. In the natural flora
the dominating community type is the Fucus evanescens~Laminaria longissima association.

The rest of the Japanecse waters are under the influence of the warm current and are
almost entirely classified as temperate. A typical open sea oommunity is the Hizikia
fugiforme-Fisenia bicyolis association, while the protected areas host various oommunities
depending mainly on salinity. Moot dominating and widely distributed is the Monostroms
nitidum—-3oytosiphon lomentaria association.

The south coast of Kyushu island is defined as subtropioal. It is recognized by the
Gelidium pusillum-Corallina pilulifera association. Since the repatriation of the Ryukyu
Talands in 1972 the poubtropical part of Japan extends almost to the tropic of Cancer.

The barrier reef algnl flora was described by Tanaka (1964).

5.3 Standing orops and total resou “ces

A fow examples of the standing ogop of natural floras are ¢ien by Hpyashida and
Sakurai (1969) who found 1.1-1,2 kg/m® in the low tidal level not far from Shizuoka
(southwest of Tokyo). Saczassum ringgoldienum was found ap a dominant species all the
year round; in August an the only dominant, in January together with Pachymeniopsis
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lenoegliete, in April with Gluuain bioyelis end dysropdy myuoiday, and in June with
Hypnea ocharoidos. :

Mukei (1971), in & wtudy of thy phytal aniuuls Lhvlug on Suf2utid vorsatifolium,
found standing orops of the alga of 4.9 and 3.5 kgﬂu in the nmost laxuriant season end
0.5+045 kg/m2 in the off-mseuwon. The ochange in the wtawilig orop/m agreed with the
ohange in wet weight of the individual alga, since 1o chungs in density of number of
plante was obtained.

The distribution of the utdliuwud epuoden ni P31 antod v keowest records s
particularly interesting. ‘he entire produvticn ot fiaalas ey b becwr bovdarin, aud Alaria
is restrioted to the wubarvtio region, witbiu wh ol on the oti..r hand only 1 parvent o
the Porggﬁga yield iu produced. In fiw far o ail 1 8 very mun.ll area of subtropioal rrter
produces 80 peroent of the Digsaea and 5.5 pecoeni of the Uelidium yiuld. Undariu iu
distributed and colleoted all around the muin and southern islands, including the sub-—
tropioal waters, as well as in the noarth along the wewt and goutbwest of Hokkaido. CI the
total produotion, however, at least two~thirds ims yieldud within the comparatively winor
part of the distribution area which is oclassified as subavotic (Okasaki, 1971).

Averags totul havvest in tonw duy welplt (dowinating genera indioated)

Prefeocturss with ocvaste in subarctio vaters

Hoklraido 40 667  lanjvaris, Undatig, Alaria
Miyagl 3 99 Uhdnrin, Jumineria, Porphy::
Ivate 3 847 Undaria, Laminaria
Aomori 1 831 Undaria

Peatosturas vidh ac-aty du fovyavate velberr (cnuthnnut of Hannhu)
lio 1 424 D)o, Bispse/iidenin, Baberomorpha
Chiha. 5076 Parphre, gefiygpertht, Grocilovin
Shisuokn 1 833 Gelidium, Ulva, Ej ueni =/ Bok Junie
Aiohi 1 784 Porphyra
Tokyo 1 659 Gelidium, ruvphrra

Suhvteapical oorrt poafootiomn
Ragonihir 919 T i N gy Gndidiam

A breakdoun into 20 generu gLowys L. Wil 36 prratestuos in Japsn is found in Okngaki
(1971) from which these data ware geleotnd. A present trend, however, is that Porphyra
in Tokyo (780 t in Okazaki's tah1n) oamet ha cultiveted any more, du~ to man wvater
pollution and reclamation. A Por,hyra oultivation should be added to Mic prefecture
(previously 290 t) where it now flourishes remarkably (T. Ochusa, personal cormunioation).

5.4 Quantitiocs and cultivation of Porphyra - "Nori", "Asakumsonori'

Porphyra species grow intertidally, forming gelatinouo, purple sheets, as a rule
oonsisting of a single layer of cellm only. After harvesting they are dried and prooessed
into a product oalled nori, whioh is pold in bundles of ten sheets measuring 19x17 om.

The weight of each sheet is 3 g

A nori nhoet is the result of drying a mixture of ohopped laver and fresh water on a
roomed soreen, and should not be mistaken for the dried loaf-like thallus of one Porphyra
plant. The word "nori® ip used for the Porphyra plant as well as for the mrketed produot.
Tt is extended by the addition of prefixes to inolude, for example, Graoilaria - "ogonori",
Gloiopeltis - nfunori”, and even brown algae suoh as Endarachne .- "babanori", and green
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+ Laminaria jJaponica

O Laminaria Japonica var. ochotensis
® Laminaria diabolica

4 Laminarla religiosa

© Laminarla angustata

© Laminaria angustata var. longissima
& Laminaria cichorioides

® Kjellmaniella crassifolia

@ Arthrothamnus bifides

Yomagata # Cymathaere triphicata -
:.; o Laminaria longipedalis
-

Figure 6. Harvesting sites of edible Laminaria, Kjellmaniella,
Arthrothumnus and Cymathaere., iFrom Okazaki, 1971
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Hokkaido
) Gelidium, Beckerella, Pterocladia and Acanthopeltis

OGracilaria
© Ceramium and Campylaephora
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One mark ia equivalent to 20 tone

Figure 7. Distribution of agarophytes. (From Okazaki, 1971)
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algae such as Enteromorpha — "aonori". In order to distinguish it from these other
varieties the "nori" deriving from Porphyra can be specified as "asakusanori".

A number of species are oultivated along the temperate coasts of Japan, at present
preferably in shallow waters in bays and between islands. Recently, however, an off-shore
cultivation method has been developed. The dominating species in cultivation over both
areas of inner and outer seas is P. yezoensis. Locally cultivated in the inner seas are
P. tenere and P. kuniedai, while P. angusta is charaoteristic of the outer sea.

The plants are given an artifioial substrate of nets or bamboo blinds. Leafless
bamboo brushes or oak tree branches were onos used. The introduction in the 19308 of
horizontaily hung nets meant a new epoch in Porphyra cultivation, as the whole sets can
be moved to favourable ground and aleo vertically adjusted to the optimum level for the
growing plants (Suto, 1966). There are now 8.7 million nets with a total area of 191
million m® and 171 000 blinds covering 18 million m¢. The yield of nori was estimated at
2 955 million sheets (Iurukawa, 1972; all figures for 1968). The yield doubled for the
following year, 1969; it was 5 592 million sheets, according to the Japanese Tariff
Association, 1971. This increase is due to the enlargement of cultivating grounds through
the cxpansion and popularization of the floating net method. (See also table below on
harveot development.) Cultivation of nori in 1973 employed more than 60 000 families.

Culturing of Porphyra began in Tokyo Bay in 1736. In 1949 the mystery of the origin
of the spores was solved in an account showing that the life cyole of Porphyra includes
a shell-penctrating filamentous stage. In winter carpospores are relcased from the
Porphyra plants, sink to the bottom and grow in molluso shells. This sporophyte stage of
variouc rpecies had been described as o separate species and given the genus name
Conchocelis. I* is found all the year round, but first in September at shorter day length
and lower temporatures it releases floating monospores, called "conchospores". Following
thic discovery, methodn have been developed dnring the 19508 for artificial seeding of nets
and blinds and for inhibiting or accelerating monosporc liberation. The Conchocelis stage
ig cultivated in large quantities in oyster shells. From these the spores are reloased
when temperature is lowered to 17-20°C, when the shells containing Conchocelis are exposed
to 2 000 =3 000 lux for not more than 8-10 hours a day or to D~indol-potassium aocetate in
1/20 000 - 1/10 000 solution. Half-dried young stages of 2-3 cm in length as well as
plant remainders on recently harvested nets can be stored at ~20°C until the next favour-
able season for setting the nets. It is entimated that in 1970 half the culture nets were
refrigerated. The nets ars often first placed in nutrient-rich estuaries and later mr :d
towards the open sen. They munt be changed according to tide water, should be exposed .o
the air for 3-4 hours ¢ day in order to kill pousible infections of other species, in
particular green algae, and will havoe to be moved in case of pollution or unfavourable
conditions. Optimum salinity is at a specinl gravity of 1 018-1 025 and optimum tempera-
tures during secd collection are 20-24%°C, durgng culture, 15-18°C, and during harvesting,
12-13°C. If neceosary, 600 mg of fertilizer/m“ is applied over 2-3 days in order to obtain
a higher survival rate of young nori and to provent the discoloration of grown nori
(Furvkawa, 1972). Fishermen who set nets or othor carpospore collectors in the sea must
pay royalty to the fishermen's association which has the fishery right of seed colleoting
in the sea (Okazaki, 1971). Figure 8 is a manual on conditions for artificial ocultivation
of Porphyra used at the Yamamoto Nori Research Laboratory.

The denaity of growing Porphyra has no importance. In a well grown state, the yaold
per 10 cm of hibi string was about 2 g whether there were 400 or 2000 individuals. The
"law of constant final yield" proposed by Kida is applicable to the community of cultivated
Porphyra (Yoshide, 1972).

During mild winters when the water remains warm, the yield of nori is very poor and
the nori itselfl is attacked by a serious fungus disease. The only treatment known to be
effective against this disease is the same as againet competing species, i.e. to move the
raoks higher so that the nori will remain out of the water for about three hours a day
(Suto, 1953).
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Fisure 8. Technique for indoor cultivation of Porphyra isnera and P, yotroensis.
Edited "y Yamamcto Nori Research Institute. By ocourtesy of T. Oohusa.
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The development of the Japmnese nori produotion oan be attributed to major innovations
in oultivation methods:

Harvest .
Year 10° gheets Cultivation technique innovations
1938-47 menn 8.6 Introduotion of horizontal net bed
1957 15
1958 17
1959 18 Development of artificial seeding
1960 35
1961 34
1962 41
1963 32 Development of cold storage technique
1964 45
1965 30
1966 31
1967 35 Development of fiocating net method
1968 29
1969 60
1970 60

(Yamamoto Nori Research Laboratory, 1971)

An estimate of the eoonomios of nori produotion has been prepared, based on a medium-
soale enterprise with 50 culture nets. There were 105 days of operation and 1 750 working
hours a year. QOross income per oulture season was U.S.83 333 and the total expenditure
per annum U.S.$1 660 (Purukawa, 1972).

Por a oultivation im desoribed by Furukawa, 1972; Kurogi, 1963; Kurogi et al.,
1971 (in Japanese); MaoFurlane, 1968; Maruyama, 1966 (in Japanese); Okaraki, 1971}
Subba Rao, 1965; Suto, 1966; Yamada, 1959, There have been numerous investigations into
oultivation problems of Porphyra; further referenos may be made to Chyung and Kim, 1966;
Iwvasaki and Matsudaira, 1958, Kurogi, 1961, 1972} Kurogi, Akiyama and Suto, 19623 Shimo
and Nakatani, 1969.

55 Quantities and oul’ivation of Laminaria

The standing crop of the alginophytes along the entire ooant of Hokkaido island is
estimated at about 1.5 million t, exolusive of Laminaria and Un‘aria used as food, the
production of whioh amounts to 150 000 t and 50 GUO t respeot1Vo1§_rhooording to Kinoshita,
et al., 1947, quoted from Nakamura, !%68). The Lauwinaria fishery was about double until
the loss, during the last war, of the Kuril and Snkhalin Islands where Laminaria was
being fished in partioularly large amounts. It is olaimed that the UsS.S.Re does not
utilize the Laminaria orop (Sundene, 1962),

To & large oxtent the natural growth of Laminaria is harvested in deptha of 3-8 m with
the help of various tools (Chapmun, 19703 Sundene, 1962; Okazaki, 1971). The waters are
too cold to allow oolleoting by divers.

As demand is greatar than the msupply, ways have been sought to inorease the orop, muoh
as planting of stones or oonorete blooks, rope oultivation, digging the flat reefs when they
are exposed at low water or dynamite blowing to oreate new rock bottoms (Laminaria does not
attach well on rocks oovered by oruntaceous algae) and even blowing of shelves in steep
mountains on a suitable depth. Methods of oultivation suol as the long lines used in China
arr 2till in ths oxperimental stage (Hasegawa, 1971, 1971a),

Stone-planting has been practised for about 300 years. Andesite is preferred as it
best resiste deterioration. Very big stones are neoessary, usually between 600 and 700 kg,
in order to mtand firm against wave aotion on the open ooasts, which are preferred by most
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Laminarians. On sandy bottoms it is necessary to arrange the stones with oconsideration
to water movements as they could otherwise easily be covered by moving sand.

Another reason for failure of stone~laying is the growth of speoies other than
Laminarians on the stones, in partioular ooralline algae. Some years 80 this phenorienon
spread dangerously in Japan, not only on set out stones but also on the beds of naturally
occurring laminaria. The phenomenon is onlled "reef burn". A poenible cauae could be
sudden influxes of fresh water, killing off other algae. Aotually vast surfaces all
around Japan are now coverad by ooralline algae, crustaceous as well as articulate. It
has been noted that the initial development of the corallines is very rapid;j for example,
in Amphiroa ephaedre a spore gives 32 oells in 12 hours (Yamada, 1959).

There are some 15 gonera and 50 mpecies of Laminarinles around Japon, 19 of these
gspecies belonging to the gonua laminaria. Of the species most utilized, Le ja nica,

L. religiosa, L. fragilin and L. oohotensis prefer a lens cold water aud L. anguntata and
L. diabolica a coldor water.

The dried end packed products from Lominaria and related kelp genera ere called
"kombu". Thers is a large variety, all with differsnt prefix nemes, Bpome of which refer
to the speoies used, otharu to size, form, mode of preparation (such as softening with
acetic acid) or flavour additiona, Deatails on praparation are given by Subba Rao (1965)
and Okazaki (1971).

Bisenia, Ecklonia and Jaminaria unsuitable for food ara naed ag a raw watorial for
godium alginate. A good 30 000 % dry weight is put to thie purpose, and also about 3000 ¢
of imported seaweads, mainly Macrooysbin pyrifera. The production ig 1 264 t of sodium

e e bt v

alginate and 161 t of propylens-glycol-ester of alginio aoid (Okazaki, 1971).

5.6 Undaria

Of the total menweed harvost, 1115 percent ip Wadoia - “Uokauws", of which 05-85 per=
cent i harvested on the west aside of Hokknido aud the northcost of Honshu, The product
has the softent qunlities among the brown noaweeds and is conswned in particular with miso-
soup. In addition to2 atonr--laying, bottow-cleaning with dynanite and rope--cultures, the
growth of Undaria im algo promoted by the removal of other neaweeds with tools or a
spzrially decigned mechine (Oknzaki, 1971).

Cultuve of Undarin way be done at eny depth dowm to about 6 m, depsnding upon the
clarity of tha water. GHinen ralatively high salinities ond low tenperatures are required,
the most favourable losnbions nve in falrly opin aronB. One bamboo raft, 36,6 mx 1.8 m
with hanging ropea to a totnl of 100 m of striag, produces about 1 % wet weight or 112.5 kg
dry weight. On the Ojika peninnula there are 1 331 guch rafts, which annually produco a
total of 145 t of dry Underin (Bardaoh, Ryther and Molarney, 1972).

5.1 ﬁgaroiJlﬁand_ﬁugg_prodncbion

Prior to the second world war, Japan enjoyed a world monopoly on sgur by virtue of
the development of the industry in the Orient and the abundant supply of agar-bearing
geaweeds along Japaneas coantn (Hurm, 194°1). An a consequence of trade stoppage during
the war, the production of apgnr or agar aubstitutes was ntarted in many parts of the world.
The pre-war Japnnene production was 2 260 t of ngar of which 1 600 t wan exported (1937
figures). Afier a bottom yenr of 275 t in 1946, production hag ptendily grown and since
1966 has surpanned pre-wnr fijuren, agar export howover being much lower — a mere 879 ¢

in 1970.

The main ¢ 2roid genera have already beon enumerated with the’.r respective average
yields in dry weight according to Okazaki (1971) (p. 83). Tho total dry weight wao given
as 7 500 t. Statintics and Survey Department (1972) give the following fresh wolght
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figures: 1967, 21 300 t; 1968, 15 700 t; 1969, 17 000 t, with a value of Sedy 3.5 and
5 million U.S. dollars respectively. In addition to this comes the raw agar import for
7+2, 2.3 and 2,5 million U.5. dollars respectively, the biggest constributors being Chile,
Argentina and South Africa.

The Gelidium harvest derives from three species: G. amanni1, 3 100 ¢, G. subcostatun,
620 t, and G. jap G. Jjoponicum, 330 t. The total yields were: 3 800 t in 1966, nnd 4925 t in
1967 of which as much as 1425 t came from the Shizuoka prefecture (Yamadu, personal
communication).

The manuring for felidium has been studied by Yamada (196 ) and Yamada and lwahashi
(1964).

Araroid distribution and harvvutlng, and in particular aghr manufacture and uses,
arc described by Hoppe and Schmid (1969) and Okazaki (1971), wno also give the Japanese
export standard for colour, shape, uniformity, gel strensgth, moisture, etc. for different
amr typrs.

5.6 Green algae

Honontroma commands the highest price of wuny aeawrod in Japan. It is grown on netas
guspanded horizontally al intertidal levels near river mouthn. Only 700 t was produced in
1973, a ;0o per mille of the total seaweed production. The product is made into sheets
like Dorvhera.  from 1955 to 1900 an average of 235 million sheets of such "aonori' wera
prodnvnd annnllky in Japan ew compared to over 2 billion nheets of "asakusanori" (PAC,

197143 Bardach, Pyther and Nelamey, 1972).
60 UdS.8.He

(mainly L. japonica) have

On the Siberian coast of the Pucific mome Laminaria beds
been eatimated (quoted from Chapman, 1970):

N Vlahwvontor 1 200 km coastline 27 000 t
strait of Tartary ')‘),_’ oo0 .
Localitien on Sen of Okhotrk P17 000 t
Inzilitien on Koanchatka T84 000 t
[eavap il Inlanda 70 000 t

Tokida (19%:) inveuwti,iisd the marine algae of nouthern Sakhalin, where he found 182
species of which 79 are considered as uneful in Japan, 46 A edibie and 18 were actunlly
uged for articlen of commerce, Tn 1235 the proiuction exceeded a value of 14 million yen.

Laminarin japonica, L. dinbolica, L. cicorioides var. sachalinensis,

Artnroth anug urilenain ana hgnllmdnlnLln oranaifolin gnve 4 253 t of kombu
Minfeltin gave 145 t ot kanten (apar)

Porphyran 6 t of nori

Iridophyone ant Rhodogslosoum 24 t of ginnanso, and

t of ftunora

Glolognltag
In order to prenarve the stock the nnnual conoumption of dry Ahnfeltia was limited to about
750 t dry weisht correasponding to 10 parcent of the preoumed amount of biomasa in Lake
Tobuchi. Dried prepared Alaria wan called sarumen, Golidinm was used only for local con-
sumption, other npecies unutilized or underutilized at the timo are also oommanted on.

Ralosaccion an

‘acun wore uned an food by the Kamtuuhndnlnu, as woll an Alaria, Chordaria

and Porphyra.

‘or the cultivation of Porphyra 1 .8 km? of artificial bottoms wore oreated

by pouring cement over the natural rocky roafs,
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L. japonioa is found only in the southern part of Sakbalin, and L. sachalinensis
grows along &ll oocasts. Porphyra uabilioalis is very abundsnt around the southarnmost
peninsula. It umed to be colleoted direotly from the rooks, not cultivatedj grows
during summer (J. Tokida, personal oomnunication).

There are almo estimates of the Abnfoltia bedu: in Peter the Great Day near
Vladivostok 104 000 t, Buaws lagoon on Hakhalin 24 000 t, end lemen Bey in tho Kurile
48 000 t. In Busse Lagoon the density rengee from 1-3 kg/m2 and the weed forms a bed
20 om thiok at a depth of 4-4.5 m. A. plioats is the wost importsant raw material for
"Russian agar" or "Sakhalin ain:".

Orowth rate of commeroial thickatu of unattrohed iﬁﬂ{éltlg depsnds on, in addition
to environmental factora, the qusantity of Almfaliia 1ntt on the bottom after colleotion
or transplantation, how avenly thoy sre diwitibuted on the bottom and on fragmentation of

the thalloms in the omna of artifioial tranaplantation. In the Buras TLagoon the thinkets
are usually restored within two or threms yurra under favourable oonditions and within

+hree or five yesary under leas favourable conditionn, the initial quantity of Ahnfeltia
being 0.3-0.4 kg/m® (3 or 4 t per hnotare) (Saroohan, 1966).

The meaweed eoology on the oonats of the Sea of Okhotsk is described by Vorzhinskaya
(1966) in a paper rioh in data on biomnun per area unit of the more important apecies.
Among the areas desoribed, the north connt in hore taken ag an example. It is indented
but exposed, has intenne surf and often densa fog, the tidal amplitude vacies from 4.5 to
7.5 m (the littoral is nubdivided into three horizous - I, II, 111).

Seawserld quantitios iuhﬁ/m? on the north coant, Sea of Okhotsk

Unproteotad eoctovn

I Budosnooion glendifione, woatiersd 570, denwe 3 850
I-II Forrhyrs ochotonawn ©¢19, olimy ooloninl dintoms 552

11 fnlnaocion
11T Jeenonin lednavioddes 2 400, laninaria guijanovee 2 500,

L. ﬁ“!).’i.!j‘f’:.’.j]..f;_x_“;) HOO

Protected nectors, Iittorsl
I Woiop it gonilluche 812

II BO T TSI RS BN (IR OREEPRYA LR B :.’f,()
TIT  Foosnenes 8w 100, dinlosenoion romantaceun 330,
He mioo v 500, Hhodyeruis oohotennia 1 110,

Qlyafjﬁ Qplinqgﬁ 315, Ulva Jrctuca 380, Porphyra anmplissima 318,

ggibgbnjh Téﬁiin 150, P. ;;htgrlfafia, Chordaria flagslliformis,

""71??5122 "800, Epgigﬁﬂln tenuinnimn 165, R. larix 11C,

Halornoodon miorouporum (33, Gernmium rubrum 314,
Seytosiphon lessninring 160, Antithmmnion 194, Cnorda filum,

fo;;%yllum m&gﬂ;nﬁa;ffi, Laingin pacifioa 60O

Gem

Plant cover of deprensionst

Ahnfeltia 600, Chondrus orispus 900, Rhodymenia 2 100,
corallinns 3 500, hetaroohordarias 2 500, irideas 3 000,

polyaiphonina 4 000

Sublittoral

Lenwonia lanminacioides, Lawinaria gurjanove, L. saocharina 3 000-5 OO
Alnria oohotensis, A. dolichorhachie 2 000-3 000, and from 4-=5 m,
Laminarin digitata, L. subsimplex, L. rupreohtii, L. platymeris 4 0=
6 500, Phyllarislla ochotenais 3 000

Soft bottomn, Zomtera marina 2 000-2 500
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This luxuriant ocold-water flora with many usaful npecies nould evidently provide raw
material for a seaweed industry similar to that existing on the Ssa of Japan and on
Sakhalin.

Floating algse sre rare in thes oantral Paoifio but common along the ococast of Aeim,
The greatest acowrzulations sre notod at the junotion area of ourrente off the ocoasts of
Kamohatka, and the Commander, Alsutian, Kuril, Japanesve and FPhilippine Islands, New
Guinea and New Zealand. The number of flonting plant spsciss is more abundant than in
the Atlantio and Indian Oneana., In aooa aresy the mnne of floating algas may be ocompared
to the waters of the Sargaasn Ssa (Vorchinaduya, 1G66a).
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FISHINU AREA 67 3 NORTHEAST PACIFIC

The whole area is dominated by kelp speoies. The giant kelpa MNacrooystis and
Nereooystis are the most important from the point of view of utilization, but a total of
32 apecies of Laminariales fringes the coasts.

1. UaS.A.

A survey of kelp quantities of the ",3, Paoifio coasts was oonducted in 1911=13, when
there was a demand for potash (Rigg, 1912; Cameron, 1915). Acetone and oslcium acetate
were also derived from Maorooystis, as well as iodine and a bleaching agent oalled '"xelp-
char"., The following data rofer to produotivity of kelp bede within the U.3. part of the
Northeast Pacific fishing area as determined 60 years agos

Area of kglp beds Tone
()m® ) frash weight
Heatern Alaska 46.5 3 567 000
Southeast Alagska, surveyed area 183 T 833 000
Southeast Alaska, eatimated
additional 183 7 833 000
Puget Sound 13 520 000

The survey acoounte for three speoies only: Macrooystis (aotually two apeocies
oonfused at that time), Nereocystis luetkeana and Alaria fistulosa. In the omse of Maoro-
oystis, which is a poremnnial, determiration of the yield of such beds was based on two
outtings per annum. The southeastern Alaska survey was incomplete and oovered perhaps less
than half of the region. The figures cbtained in the surveyed area therefore were repeated
in order to reaoh a total for Alnoka, as it wao estimated that the region not surveyed
supported a.similar weight. Toeng (1947), conoluding from quantities harvested in Southern
California, believes that area oould produoe slightly more than 5 percent of the 1911-13
estimate and asoumen thn same reduction should be mnde of all figures in the Paoifio kelp
beds survey. Later authors, howevnr, seem to disregard Tseng's objeotions and adopt the
figures of Cameron and hie collaboraiors. There are also smme rocent up-datings; it eceems
dangerous, however, to take over data as thore are so many confusing ohanges (the data for
"productivity" are re—terund 'mianding orop" without taking into acocount that Macrocystia
figures are derived from two harvests, the doubling of Alaska figurea is left out, eto.j
that possibly ve'1 founded wendmenta of the 1911-13 fipures are hard to sort out.

All edible ueawreds usnd in the U.S.A. are now imported from the Far East. Prioes of
these products, which come from countries in whioh the plents are already in short supply,
are very high. The Northwent Fisheries Center is now exploring the possibility of cultur—
ing marine algane, and whether suitable quantitica can be produced to support an industry.
A preliminary study of Porphyra showed rapid growth, substantial bulk and the possibility
of spaoing several species over a year-round growing season. P. miniata grows in the
spring and reaches a length of over 4 m; P. perforata, a summer speciaes, reaches a length
of over 2 m. Ono stand of 460 m° at Manchoster Experiment Station near Seattle prodnoed
over 680 kg wet weight (Northwest Fisheries Center, 1973).

2. Canada - British Columbia

The Britirh Columbia Research Counocil and the Fisheries Researoh Board did a Canadian
kelp resource inventory in 1946 using methods similar to those employed in the survey of
U.S+ kelp res-uroeg, This survey covered only readily accessible areas along the north
wainland ooas'. the northeast ooast of Vancouver Island and the area between Vanoouver
Island and the mainland coast south to the U.S. boundary. Tne Queen Charlotte Islandn
and the west ooaot of Vanoouver Island were not surveyed. The quantities of readily
acoessible kelp ware estimated at 22 500 t of Magrooystis and 370 000 t of Nereooystis



100 FIRS/T138

based on one harvest per year. These entimates are regarded as on the low sida. Soagel's
(1948) more detailed investigation in the Hardy Bay area suggeated that the figure for
Macrooystis was perhaps half or one—third of the trus value because of the unfavourable
ptage of tide at which it had been necesgary previously to examine wany of the buedn of
floating kelp. Aocording to this amended estinate, Scagel (1961) arrived at 750 000 to

1 000 000 t of readily accesaible Tloating kelps available annually. If laminaria, Alaria
and Hedophyllum were added, the total algin sources available ~oitish Uolumbia wounld
reach at least 1 500 000 t annually. Other entimates have aug, oted that 3 to 20 times
this amount is to be expected (Hutchinson, 1953).

In the period 1965-67 a private fimm inventoried the kelp resoursen of the northwent
and northeast coasts of Vancouver Island., Their estiuates were based not only on the area
and average density cf aocessible kelp but nlao took into account only that portion of the
thallus within 1.5 n of the water surface at zero tide. In thie way their estimates
indicate the tonnape actually available to a comuercial harvester. Accordingly they Tound
457 061 t of commercially available Hercocywstis along the northwest coast of Vancouver
Island and £2 007 t of Nereocystin and 21 u2ad t of Mnorocrutis elony the northeanot coant.

Through the mediwm of a cont--nharing agreoment, the Federal Fisheries and MNarine
Service and the Provincial Marine Renources Branch initinted a merien of marine plant
inventories in 1972, To date the fnllowing inventories have leen aompleted:

1, Morth conrt, (ueen Charlotte

Telands Macrucyptin 1y 4v v (totel b1owass )
Heroocystin 54 089 " "

Lanminariales 13 931 ¢

Lad

2. Skidegate and Cumchewa Inlels,

Gueen Charlotte Iulands Mourseyutin °4 210 L " "
Laminariales 5 486 ¢ " "
3, Central Ueorgia Strait Iridaen 1 6% 1 (uvailable)

Collating inventory datn from surveys which employed different techunigues iu u risky
bueineas at the beat of times, Nevertheless it would app:ar that the Britieh Columbia kelp
resources total anproximately 1 GCO 000 t. Tha Iridaen resourcesn, while quontitatively
much smaller, are located in dense beas in hiphly anccopsible arean cloper to ahipping and
marketing crntren,

In addition, ~.oontori s of kelp resourcann in the Port Hardy-Maloolm Islaui nrea aleng
tha northennt connt of Vane aver Island and of Iridaea resources in the northern snction of

Georgia strait were made in the sumaer of 1974 (data not yet available at time of writing).
Puture inventeries of kelp ntocka arae planned for the whole north mainland coast, in areas
of the Quaen Charlotte Islends not yet nurveyed, and on the west coant of Vancouver inland,
Agarophyte surv.yn will alno soon be under way ap will an inventory of Sar-casonam mubicum

in Georgia Htract {provided that preliminary investigations of ita chemical comprnition

indicate itn suitability for commercial utilization).

One ntrons Teature of recent British olumbisn seaweod inventorien in that atandard
inventory mothetin have heen or are being daveloped. Thene antaniard mathodn employ large-—
acale aerial phntography supported by jground iruth nampling and have baen developad to
provide a banin for comparison of data collected in different areas and in the pame area
over a period of timae,

3,  Northear: Pncifio - ganeral

Nareocyn ¢ ‘uetkenna is dominating 'n quantities and ip recorded for 1874 peroant of
the flnating ¥eolp beds in Oregon, Washington, British Columbin and southennt Alaska. 1In
westorn Alaska there is 55 parcent Nereocyatism, 12 perecent Alaria and 13 percent of a
mixture of the two. The total distribution of Nereocyntis almont ooinciden with the pre-ant
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delineation of the Northeast Paocifioc. To the weat it reaches the Aleutian Island of
Unalaska at 167°W. To the south it approamches 35°N in California.

Nereooystie or bull kelp is essentially an annual plant. Nevertheless, it reaches a
stipe length of 30 m, may grow in waters down to 18 m and may weigh 11 kg or more. It is
most useful to navigators as parts of the thallus float on the surface indicating shallows
and off-phore rocky reefs.

Macrocystis integrifolia acocunts for 6-18 percent of the beds within its area of
distribution, which is smaller than that of Nereooystis. In wes*ern Alaska it is not
included at all in the quantities recorded and the westernmost finding is at Kodiak Island
159°W. In spite of being found in smaller quantities, Macrocyatis is economically perhaps
the most important seaweed in the arca, as it is the moot demanded for the algin indusiry.
Macrocystis is perennial frem the holdfast. It 1 restrioted to areas near the open ocean.
In British Columbia it occurs usually inside an outer protecting fringe of Kerecocystin and
grows from zero tide level down to 9 m. Hear Deer Island mnst of the Macrocystis ocours
in less than 4 m of water at zero tide, and 50 percent of it in less than 2 m. The plants
may exceed 30 m and weigh 45 ke Under favourable conditione major stipes prow more than
5 cm a day. The maximum elonpation recorded was an averape of 7.8 cm a day for a period
of 29 days. For practical purpones a tonnuge of 4.9 ku/m‘ wan egtimated when the surface
ocoverage wan approximately 30-50 parcent,

These two giant kelp species have been particularly successful in North Ameriocan
industry as they grow sufficiently deep to allow collecting with mechanical harvesters
outting the stipes at a depth of 1.2 m and hoisting the kelp on board by means of a chain
elevator (Taeng, 1947; Scapel, 1948, 1961; Druehl, 1970),

Looking for a total, we find that of Cameron's eatimate, 20 000 000 t fall within the
U.3. parts of the Northeast Pacific. If we axtend Tseng's conolusion from hin California
check of actual harvests and reduce to 5 parcent, there might be only 1 000 000 t of Macro—
cyntis and Nereocystin to harvest amnually. For a guess within this span we apoune that
Soagel's figures are representative. Extrapolating from British Columbia the whole area
of the Northeasi Pacific miszht have about 4 million t of giant kelp.

Among other kelp specien there are in particular three which could be regarded as
potential resourcen in Britian Columbia even if none of them coneatitutes a commercial
quantity in itaself.

Hedophylluy ner aile are metre<hiph, much-frilled blades growing at 1-2 m above zero
tide leavel just Lelow the 1 inge of Fucun, whern it has to be hand—collected. Some prowth

continuen after the top portion of the plant has Leen cut off, provided the holdfant and a
basal portion of the blade nre left intaot. Alaria marginata grows from 1 m above down to
zero tide level, and occurs in fairly axtensiva pantches which are easily acoeassible at low
tide. They aloo require hand-harvesting. It may be poasible to cut off the upper portion
of these plants, leaving the banal portion bearing the oporophylls, and thus prevent damage
to the reproductive structures of the plants. Laminaria saocharina grows from zero tide
level downwards neveral metres, Reproduction takes place in the main portion of the blade,
which might be able to regenerate from tho base. They oould be hand-harvested or taken
with rakes in deepar water. Most harvesting methods, however, would tear loose the wholes
plant and probably bring in small rocks and boulders as well in many casea, which could
damage cutters (Geagnl, 1948).

If we want to add these and other kelp spocien to the total for alginophytes in *he
Northeast Pacific, we could also follow Scagnl (1961) in British Columbin and assume they
rerch 50=100 j-7:ent of the quantitien of the giant kelps, say some 3 million tons. As
Macrocyatin "dirappears in western Alaska, Laminaria, and in partioular Alaria, flourisa in
northern latitudes, such an assumption would be on the low sids,
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FISHING AREA 71 : WESTERN CERTRAL 2ACIFIC

This region is well known for its extensive ur. of algae for human consumption.
Probably it ocomes next to the Northwest Paciflic in this respect. 'Nevertheless, it tchould
be remarked that the utilization of marine algne as hunan food, particularly in the Malay
Peninsula and in Indonesia, seems nowadays by no meens as general as one would suppose,
when reading the earlier authors like Rumphins and von Martens' (Zaneveld, 1955).

1« Indonesia
In 1971,2 300 t were harvested, In 1940, 1 300 * raw seaweed were exported (Kirby, 1953).

The human consumption of seaweeds in widespread. They are particularly used when the
rice harvest is bad or when the prices have risen. Subba Rao (1965) montions more than
20 species, how and where they are used. Tho green algne Caulorpa, Chastomorpha, Codium
and Ulva are used raw or in soups or gelatine~like swnots (marohmallown). Brown algae
such as Dictyota, Padina, Sargassum and Turhinaria ars eaten raw or cooked with coconut
milk, piockled or preserved by amoke—drying. The red alpgne, especially Eucheuma muricatum
but also Acantophora, Corallopsis, Gelidiwa, Gracilaria, Hypnea and Sarcodia, are either
eaten fresh or preparsd in similar ways to the brown alpgae or the jellien are extraocted
for various kindy of gelatines. When extiraction 1o intended, the firat step might be that
the seaweedn are dried, bleached and ntored.

The agar, funorin or algin content end quality of samplen from a number of species of
possible commercial value have been inveastigated by the Laboratory for Chemical Renearch
in Bogor on western Java (Eionen, 1952). Gracilaria lichenoides was at that time by far
the most important raw material for the small Indonesian agar factories. GColidium rigidum
gave stronger gels but uvecon to te found in nwnller quantities. Hypnea musciformin
hippuroides in also a potentinl ngar vourcn. Buchuuuwa spsoieo form the grestent purt of
the Beawecdn exported from Indoneaia under the nume of raw azar.

For these mpecies there in a high comrarcial demand and a sure export market. Denpite
the abundance of natural resources in the eantorn part of Indonenia (Lewsor Sunda Islands)
the supplies lag benind, and Goerjodinote (1969) sugmestn cultivation of Eucheumn spinosum
and E. edule on selectod loculities in the weatern Java Uoa.  An interosting part of his
paper ie a detailed cont-profit calculntion.

Heome o o0 Zesndn Ao veet s o antilinlminthio.

2 Malaynia

"Agar—npgar o ia a Malay word for thogse cewiaeda, like Gracilaria, which yield a pelatine—
ous jelly umed for making oweeimeate, 3eawerds have old traditions in Malayan cooking,
They are used frenh or cooked or for jellied sweots. Subba Rao (1965) mentions Caulerpa,
Codium, Enteror rpha, Ulva, Sargassum, Turbinaria and Oracilaria opecien, Caulerpa han a
piquant tante »nd io used as a relish. The neawceds may alsc bo dried, then boiled,
strained, nugar added and re-boiled with an egg which brings soum and olears the final
product. .‘nels are aloo used in tho Malay delioacy '"kerabu', desoribed by Kirby (1953).
According to Zuneveld (1949), Sargasnum apecies occur ~incipally in the Malayan archipelago.

3. Brunei

No infernation available,

" Singmpor

A certain neaweed ocommerce im centored in Singapore, but the loocal flora is rnther
poor under the influence of pollution and dilution. Ulva hao a popular local use by
Chinene market gnrdeners an a pig and duck food (H.M. Burkhill, personal communioation).
Eucheuma hns " een produced, but the beds suffer from overharvesting (Parker, 1974).
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5« Thailand

The Thai west coast flora is extremely thin and poor in speoiss. Muny sreas render
1little or no growth., Controlling faotors are sharp shifts in salinity following the mon—
soon period, oalm, unmoving waters with laok of aeration, silting, heat and pollution from
tin mines, Oratzing may play & rols, but to what extent is unknomn (Egerod, 1974, 1975).

On the east ooast larger spsoimens are found. Porphyra is seen on many ashorss but it is
not oolleoted. A species similar to Furoellaria, however, is aotunlly gathered. The algne
are used in Thai oooking and the amount of algne imported from China amt Japen is oonsider—
able (Vagn Haneen, Phuket Marine Biological Center, personal commnication).

6. Cambodia
No information on use or quantities.

Te Republic of Viet—Nem

The species most frequently found and probably the most abundant and used is OUracilaria
liohenoides, the "Ceylon agar'". The species of Eucheuma, Gloiopeltis and (Gyvnogongrus
availavle do not seem to leave good gols (Lami, 1953) .

Agar freshly extracted from scuweeds is saten mired with rioe. On the wsouthern coast
of Viet—Nam the red algn Griffthuis corallina ie oaten with eugar after it han been bleached,
compressed and cut up (Subba Rno, 1965)s Grasilaria verrugona, Uigartina nnd the brown
algne Sargassum oinctum end Cnoonpora faniigintn are also eaten by fishermen and sold
in the markets (Kirby, 1953).
Somo ppecies of Snreinpum Are paid to be utilized for oniwal feed, wapecially for pigoe.
Lami has also obsorved roanrkable resulin by faading horuen suffering from lyuphangites
with Hizikia fusifoxmis.

Pham Hoang Ho (1961) hre studied the algel poplations of roclky littornlu.

8. Demncratic Ropublic of Viaet-lNea

No informnation avnilable.
9. hilirotaen

The coastlinos of ihe 7 000 inlands of the Philippineu do, in gsueral, pvovide Food
substrata for reawnedn. A very gront parct of its 35 million inhabjtants live olons wnouysh
to the sea to have accens to seaweedn, which aluo form e part of their diet. Velasquen
(1953) gtates that "it is quite noticeable that the prople living in the coanial rrglonn are
more induntrious and hoalthier than thone living inland".

Bucheumrn Lo comsonly offernd for snle in the market. It is enten ruvw aB nalal,
Commercially it is the most importnnt of the scaweedo as o carrageenin raw material and has
been exported £n Japan and the U.S.As Theo biggeot natural grounds and best arces for farm—
ing are theo wide rhallow areas in the Sulu Arohipolago. Due to poor connervation oractices
by gatherors, who take all the available seaweeds of the area and leave nothing to grow,
the yoarly export of this product has beon diminishing for the past five yeare (Cases=Borja,
1973). Thorefore Eucheuma biology has been studied and oultivation introduoad. E. cottonii,
E. spinonum nnd E. ptriatum are generally found on shallow reef flats and in lagoous at a
water cepth ~f lops than 2 m at high tide, Best cultivation ragultn wore obtained with
-Lantn sunpe: 0 0.6 m nbove the bottom on nylon linen attnohnd to niaken driven into the
pand, They * vlve best in palinities above 34 per mille, in oonsiderablo weve aotion or
ourrentn. Erxoconive light might damage thalli and induce premature "agoing". For rcample,
Eucheuma planted over 1ight-refleoting sandy bottoms has froquently failed, Fartiliring
cultivated arean may dramatiocally improve growth rates. E. spinosum tont piant growth
raten inoreao~d by 40-50 percent whon 4.9 kg of ammonium sulphate wao applied to tho test
area over a ton—lay period. lowever, fertilizing is not yet economical.
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When plants reach an average sise of 800 g about two months after plariing, they are
ready to be pruned back to 200 g again. This meathod eliminates the need to replant. In
1973 Filipino farmers had established 86 Euoheuma farms in the Sulu Archipelago. These
farms oontained over half a million planta. It is estimated that ocultivation will aoccount
for mo '+ than half of the Phailippi » oommeroial produotion by 1975.

Produotivity wae estimated at 13 t dry weight per heotare and year at a pilot farm in
Tapaun Island, where the growth rate of oultivated Euohouma was 2 percent per day. This
yleld oompares favourably with yields reported for the mont produotive land and marine
orops. Neverthslewss Doty (1973), on reoults of smullor ccala farws in other parte of the
Philippines, estimatea that 30 t per hectare and year may be expsoted. Tho differcnce is
found in growth rate; in other aresas it has froquently boen more than twice that of the

Tapaain pilot plant.

Conuidering that a faruing femily can efisotively tand ciie Yo thres wuodules and
assuning the lower of these productivity apseoomonto, 13 t/hcoturo, ¥a ocan calculate an
expeoted roturn. If two modules are farmed, aunual production should be about 6.6 t dry
weight or a monthly harvest of 550 kg, yielding an annual net income about six times the
ourrent annual salary of an agricultural worker earning a minimum wago (Parkor, 1974).

Porphyra, here called "gorot", has boeon cultivated for a long time in north Luzon.
Long bamboo poles with branching ends are erected olose together in rows along the shore.
Aftexr 4-6 months the algno cuan be collooted by hrumid during low tide. Whon partially dried,
it is prossed and sold in the mnrket or barter:d for an equivalent cmount of rice. "Gr.iet"
ie shipped to intorior municipalitien end btarricn vhare it is relishoed as food.

In south Luxen tho green algeo rateveroerha intentive1in, Clodorhore sp., and
Chactenmorpha vorea serve an food 1ox milk{ich in ]nndn, civing tho fish o much better
tante. They ave goova on tvipge end branchoo of wnngrove troeu not in the water. Several

phovophyoeas are used as fertilizern (Volanquez, 1993; Villnluz, 1949).

The ¢quantity of woawends pgathoered aud conouie=d ans hvwnsn fond 1s not wsvessed. Sea-
veeds are sold frwrh in the rarkets in ocoantal towns. Conlorry receuora, which is planted
in large containers, hro to Lo nold within a few hours after collection, otherwise it will
ghrink end detoriorate. Reocipss for the proparation of 12 specien are givon by Bersamin
et al. (1961); Subba Rro (1965) gives throe recipas dove’oped by the Philippines Bureau
of Fismheries. "The mont frequantly umed wpeclca belong to the gonern Gracilaria, Hypnea,

Caulerpy and arrenna, I‘H\h)Oll ;Epg}lona in alno very popular as a vegetable. The
methodn of piep-intion for 19 np-cien, vhich aro enten fresh, dried or oooked in Ilcoos

Norte, arc indicated by Velroaquan \1972), their distribution and oocurrence by Galutira
and Velasquez (1963).

Seaweed protein for animn)l feed haa boon ovalunted (Bersamin, Banania and Rustia,
1969). Tona of Gracilaria are harvestod every day during the dry neason to supplement
the fish pond a]pno, tho growth of which is stunted during thin period due to high
salinity. The utilization of meaweeds am fish food enables fish pond owners to oontinue
the cultivation of fish unhampersd (Sulit, Navarro and San Juan, 1953).

Becnune of the very rich resouroes of Oraoilaria verrucosa from January to June,
eapeoially alon; the shallow shores of Manila Bay, Sulit, Salcedo and Pu .ganiban (1955)
undertook a study of its properties and preparation. Hero an entimate of quantities is
given: at the peak sennon no lens than 1 000 tiklis (a round basket taking 35 kg of
peawced) is harveated daily. Ornoilaria is the main gource of agnr—-agar, or gulaman.
There is a growing demand for (raocilaria and possible methods for ite oultivation are
being studiad (Cnoen-Borja, 1973).

Dischargo of pollutants from en oil refinery has caused puor growth of algaé in the
Batean area went of Manila as oompared to Batangas south of the capital,
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Sargassum, Hydroolathrus, Eucheuma, Oraoilaria and Halymenia speoies are being studied
for their ohemionl and mutritive values (Velasques et al., 1971).

The Philippine seaweed harvesi dwindled from a peak of 1 100 t in 1966 to 318 t in
1970; the export from 805 t dry weight in 1966 to 264 t in 1968, of which 229 % went to
the U.S.A. The deorease in harvasts indicated an over-exploitation of the natural Buoheuma
resouroes, so that culture had to be starteds In 1972 exports were up to 5/0 (Caces—
Borja, 1973).

10, Mioronesia and Melanesia

There is no information on quantities. Seaweeds are eaten and prepared in similar
ways to Indonesin.

Phycolegical literature referring to the faroline and Mariana Islands, Wake Island,

and the Marshall, Gilbert and Ellis Islands is listed in Teuda $1966). A oystematio
acoount of the algae of the Caroline Islands is given by Trono (1968, 1969) .

11« New Guinoa
There is no infecrmation from any parte.

12. Australia (Arnhem Land, Gulf of Carpentaria and Great Barrier Reef area)

No information on quantities.
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FISHING AREA 77 s BASTEHN CENTEAL PACIFIC

Two main resouroces are being utilireds the giant kelp bedm of California~North
Mexioo and oertain agaroid red algae of the Baja California peninnula.

1 [ ] UOSOAC
1.1 Alggnogﬁo

Maorooystis pyrifera is distributed frou the Hontsray petiinsula in central Culiformia
to the middle of the Baja California west coast. North of Montersy this giant kelp is
replaced by M. integrifolia and Nereooystis leutksana, the latter intruding into the
northernmost part of the M. pyrifera area {Druehl, 1970).

————

In 1968 the ocombined harvest from California and Maxico was 148 305 metrio tons of
freah kelp, aocording to Silverthormsand Sorenasn (1971) with referenos to a oommunioation
from Philip R. Park Company. This total is oonsimtent with other known data, while the
offioial U.Se figure as forwarded to the FAO Yearbook of Fishery Statistios is oonfusings
0.1 thousand metric tone for the Fortheast Pacifio fishing area, no figures for Eastern
Central Paoific. Assuming that the offioisnl figure for Maxioo - 28 200 tons ~ is founded
on the same estimate as the total, the Californis part would be 120 100 ¢ for 1968. Of the
total California and Mexioo harvest 124 700 t ware usad by Keloo Company of Jan Disgo for
the manufacture of algin, the remaining 23 600 ¢ wsre processed to meawaed meal by two
other manufaoturers. Keloo also imported about 1 460 t of dried nmeavweed to produce an
estimated 3 880 t of algin, or 30 porcent of the world production.

Among the natural seawosd resourosse of the world the giant kelp of California is the
most comprehensively inveatigated. The praesant knowledge of the biology of glant kelp beds
jg sumarized in a 600-pags volume (Rorth, 1971). An earlier sunming up oonoentrated on
the impaot of man on the kelp environmsni and the kelp itself (North and Hubbs, 1968),
Continuous repcrts are given from 1957 %o 1963 by the Kelp Invastigation Program (North,
Ed,, 1957-63), sinos 1963 reorganized in the Kelp Habitat Improvement Projeot (Noxth, Ed.,

1965-T4)

Of more than historical interest are enrly inveatigntions (Cameron, 1912, 19153
Setchell, 1912; Turrentine, 19124 Wohnue, 13423 Taeng, 19474 Soofield, 1959). This
resouros is also aooounted for more or less in detail in reviews muoh as by Kirby (1953),
Boney (1965) and Chapman (1970). An this abundant literature will £il1l any need for
thorough infermation, only the main problems and the main investigations will be mentloned

here,

The 1911=1} survey of kelp quantities on the U.3. and Mexico Paoifio ooasts (already
quoted for the Northeast Pmoifio area) gave i sunually harvestable quantlties:

Nersocystin Nixed Macrooystis

Cape Flattsry-Polnt Conoeption 3349 540 279 180 748 680
Point Conception-San Diego 18 195 000
San Diego—Cedros Island 16 980 000

The first of these coastlines oorresponds to the northern two-thirde of California,
but also inocludes Oregon and most of Washington which are here assigned to the Northeast
Pacifio. A veory rough breakdown should set the Califcrnian part at 2.5 million t, glving
a total for California of 20.7 million t and Fastern Central Pnoifio of 36,7 million t.
Thene figure: -~ not oorrespond to standing orop but to tha result of two annual harvestis
at 1 m below ho sea surface., Taeng (1947), starting trom the actually harvested
quantities, 8..h as 0.4 million t in 1917 between Point Conoeption and 3an Diego, and
judging that 1 million t+ per annum oould be harvensted in this area, oonoludes that these
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Other brown algae reaching a length of more than 1 m, suoh as species of Cystophors,
Carpophyllum, Lassonia and Eoklonia, might be used for fertilizer or alginute production,
but present use is restrioted to gardening. Liquid fertilizers are extensively advertised
in Few Zealand but apparently the partly yrocossed material is all importud from other
oountries (M.J. Parsons, personal communication).

Gigartina 18 represanted by 20 species offering a range of oarrageersens of different
properties and qualities. Small amounts are oolleoted fur domestic uee and perharsw about
1 1 wet woight/yaar i used -to manufacture oustard-like commoditiss and oy one or two
breweries for fining beer.

Porphyra is traditionally eaten by ths Maoris but only in small quuntities and it is
not on sale. They have also used Gigartina, Maorooystis and green soaweeds as food,
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FISHING AREA 87 3 SOUTHEAST PACIFIC

1¢ Chile
At present Grucilaria spp. ars the most important seaweeds from an esconomiocal etand-
point, Kim (197?) approximates the quantities in the 11 prinoipal QGracilaria beds,
totalling 7.7 km“, to 130 000 t wet weight (22 000 % dry weight)e Of these, 24 000-30 000 t
are exploited annuslly (4 000-5 000 t dry weight)e In 1968, 1 600 t dry weight were export-
ed, or four times myre than the total expoxrt of Iridea, Gelidium and Gixrrtina (295 ¢, 61 t,
and 18 t reapeotively). T

There are two miin areas of harvesting of Graoilarint in the vicinity of Conoepoisn
(37°S) and of Canal le Chaono (42°S)., Kethods for collucting and drying and the activities
of a fishing coopera:ive are deporibed by Coble (1974). Ivo faotories in Chile are working
with seaweeds as raw ,roducts; one for alginatos, with a production capacity of 50-60 ¢,
and the other for agar-gur, with a ocsraoity of 300 t a yoar.

The useful speoles were treated by Etoheverry (1953, 1558, 1960) and Llana (1948).
Kim (1968), in a plan for further inventigationn of industrinlly useful marine algne,
recommende 21 areas in 11 provinces from Tarapaod (20°8) to Chiloé (42°3). An FAO/URDP
fisheries project (unpublished) surveyed northern Chile and found that, apart from the
Coquimbo area, the szaiwaed resourves wore insuffiolent for indumtrial exploitation. A
transplant of Gracilarin wan made into what apprared a muitable avem in the north, bt
although it grew, the rata of growth wee vary infarior to that in the south or in ocentral
Chile and the venture wan not coneidered a sucoesn (J. Molteno, personnl oommunication).

It in likely that the toinl budk of olpnl masa is larger in the socuthorn third of
Chile. Hore kalp cprofen ara dnidneting, ourh an Mrornoyobio, which may grow dowm to
depths of 20 m and ¢an then Lo harvested at sowa dIutYinos from the nhoralins. In Chile,
howavor, thiu kelp daosr not cuonr in a continuoun fringe along the corst but in separate
patches vetwoen which very 11ttlna or nothing in found (Kim, 1968), The Straito of ¥agellan
ara assumed fo hold one of the largest fairly untapped seawead renonrces in the world.

Itn gquantity and posaibla ntilization 1o baing inveativated, and this might be exproted to
result in an alginate faotory. 'Thers ars, however, technical disadvantages - lack of
commnicationns, distance from markets and very pnor wenther oconditions. On the other hand,
oolleotion and procerning of Mnorosystin would ocontribute eaaentially to the doevelopmant
of the rerion,.

The mont important ereaverd apacies are brown alguet Hoorooyotin pyrifera and
Durvillen antarstioca, found in nmouth and aentral Chile, and Ionmonin nigrencany, aleo
found in north Chiln. Othar %elp rpanisa ars Loraania flavicana and Durvillan harvayd,
in south Chilo. Red algaes in ndditdon to Orewilniin, Tridan, Gelidiua rnd Ghemrsinn
alrsady mentioned, thare are Chondina, Abnfeltin, Oyimogonzrwn and jizncdhiella nppe of
induntrial intarest.

The laver npnojes Porphyra ¢olumbina and the sea lettuoe Ulva lnotuca are marketed
for human oconnumption. fThe holdl{art nnd atipe of Durvillen sntarctioa are cooked or eaten
rav in salads; they are alno usnd by pharmaceutioal produonrs in ohildren's food on
aocount of thair high iodine oontent (BEtcheverry, 1953),

2 Peru

Hilde Juhl-Nloodt (1958) ham made ansenements of the "great and famous resources of
marine algne" in Peru, as atated in her mpacies list.

Cignrtina aohnvinii and other Jigartina speoies are frequently found in the littoral
as well ao in the nublittoral, They are eaten; the vernacular name for dried algae is
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Muyo". Ahnfeltla durvillaei is oharaoteristic for the supralittoral. Dense tufis appear
almost everywhere on the rooky coast at the splash levels and are miscing only in a few
sheltered places. In the far north they sesm to avoid the points with the strongest
breakers. They &re also found in the entire littoral, where they are differently developed;
darker, mors slender and slack. QOelidium, Chondrus, Rhodymnsnia and Dendrywonis species are

aluvo recorded.

Moorocystis pyriferz is found in many places in the sublittora’ (fwom 3-12 m) in thiok
gtands togother with Lawsonis nigrosoenn, Msorcoyebis intecrifolia, littoral and sub-
littoral to 20 m, is found as far to the north au 995, He pyrifers only to 129G, The genus
ie said to have its distribution liwit in wateras at the 20° imotheim for the waimest month.
Lessonia nigrescsns may cover vast sublittoral arcas in pure standa and wmay also oocur in
thiok etands together with Haorceoystise. The possible utilization of the undoubtedly rich
gseawoed resouroes of Peru waus disoussad by Juhl-Noodt (1959) end Aoleto Onorio (1970, 1971).

REFEHINCES

Acleto Osorio, C., Las algzs marinas: riqueza inexplotada. Pusva, 20(5)18-12
1970

, Algas marinasg del Perd de importanocia soondmioca, Univ.Mayor de San Maroos,
1971 Perd, Munso Hist.Hat. "Janvier Prado", Sor.Divulg., (5):55 p.

Cabla, W.D., A desoription of the sotivitiem of tho Maullin (Chile) Fishing Cooper:.tive
1974 in the extraction of the marina algn Urugilaria ep. January-March 1967. Bot.,

¥ar., 17(1)16C~2

Etcheverry, D.He, Seawead regources of Chile. Proc.Int.Secawoed Symp., 111C8

1953

, Algas marinan chilenas produotoras de ficocoloides. Rav,.Bilol,Mar., 81153~74

1958

Algnn morinen de las islaa acefnicen ohilennn, Rav.Biol,.lar., 10(1=3)1

— 7305 83-132

Juhl-Noodt, H., Beitrkyo sur Xonntnin der perusnischaen Meexesalgens 1. Kinler Manroufornoh,
1958 14(2)116'1-74

, las algns marinng de 1a costa peruvana y las poribilidades de su utilismacidn,
7959 Bol.Cim.Adm.0uano, 35(6)116=30

Kim, D.H., Algunns connideraciones nobre la utilivacidén industrial de alers marinas en
1968 Chile. Universidad de Conaepcién, Lahnratorio de Algas, Inmtituto Central de

Biologfa  (mimaeo)

, Fconomically important peawseds in Chile. 1. Gracilaria. Bot.Mar., 8

1970 140-62

Llana, A.H., Algas industriales de Chile. Rav.Biol.Mar., 11124-31
1948



http:Iia1st.1t

EIRS/T128 123

FISHING AREA 48 1t ANTARCTIC ATLANTIC
58 3 ARTARCTIC INDIAN OCEAN
88 3 ANTARCTIC PACIFIC

Only part of Graham's Land between 55° and 65°W reaches north of 65°3. It is here
that most phycologacal work has been done.

The Macrooystis fringe as well as Lesnonia and Durvillea, all oharacteristioc of
suvantarctic waters as in Fuegia or Falkland, is absent in gonuine Antarctio waters as
around the South Shetlands or the Antarotic Peninsula (Skottmberg, 1964).

The vertical distribution of the marine flora has been investigated (Skottsberg, 1941,
1964; Neushul, 1965; Delépine et al., 1966; 2Zaneveld, 1966; McCain and Stout, 1969),
The last four papers mentioned are based on observations made during SCUBA divings. Ioce-
free littoral shores are few and more or less devcid of algae; the sublittoral vagetation,
however, is rather rioh down to 42 m (the deepost point reached by diving soientists) and
dominated by the kelp Phyllogigne grandifolias. Certain speoies of Pioooniella and
Plocamium brought up on fish lines from depths down to 100 m indicate that they might have
been growing attached as deep as that.

In the sublittoral rogion, there is abundant alganl growth, also under ice ocovers
2-3 m thick (Zaneveld, 1966). The distribution of important species has been mapped
(Balech et al., 1969).

No quantitative asseasment has been made.

The sector moat frequently investiganted is the one which lies oclosest to another
continont, South America. It muut be borne in mind, however, that there are difficulties
for the utilization of the extremnly rich renources bf Chile and Argentina, arising from
the fact that already theme resourcen are rognrdod as being situated too far from available
labour, communicationa and consumers to be economically attractive and in an area where
climatio conditions limit desired activities tu a rather short period each year. These
difficulties must be muoh more serious for any utilization of the comparatively much poorer
regourced of the Antarctic continent. They do not provide a possible resouroe for utiliza—

tion.
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SEAWEFDS
Summary of Resocurces and their Availability
(preparsd by Fishery Resources and Environment Division, FAO)
Jenersl

In this seotion an attempt has been made to give quantitative figures for the feasible
production of seaweeds in the different fishing areas. This ham proved very diffioult, and
the figures used should be treated with considerable oare, though these are believed to
provide a reasonable guide as to where the greatest potentials 1lie, and of the order of
magnitude of the posaible harvest. The diffioulties of estimation are mainly due to the
abeence of any good estimates of potential harvest, even in those few areas where there has
bean extensive research or exploitation. The quantitative data are generally oonfined to
figures of current harvest or of standing stock. There is little direot evidenoce of how
either of these are related to sustainable annual harveat. Seawceds grow oontinuously
during most of the year, and at the came time &are deoreased by grazing and erosion, B0 that
the annual production can for some species exoeed, possibly by several times, the standing
stock present et any moment. The potential harvest must be less than the production, but
oould well be as high as the standing stock. 3Some gupporting evidenoe for this is given by
the ability for nome patches of weed to reoover within a year of intense cropping. On the
other hand, the standing stock of some speoies, especially in oolder or deeper water, may
represcent the accumulation of several years growth, and the sustainable harvest may only be
a fraction of the standing stock. For example, Furcelloria fustigiata harvested off Denmark
appeared to be three to five yesrs old, and too intense harvesting led to a decline in the
abundance, FEstimates of the potential harvest off Yootland were only a tenth of the ste.d-
ing stock. This seems low, implying a period of regrowth of ten years compared with an
average of three to four yecarg off Ireland. For the present purposes, and in the absence of
a more reliable procedure, figures equal to one-gquarter of the standing ptook, where avail-
able, will be used to give a rough and prcbably oonservative estimute of potential annual

harvest.

Finally, it should be noted that, in general, it is highly unlikely that these
potentials will ever be fully realized., The problem of unoocessibility, of harvesting
difficulties and traneport conts will probably deter the commercial exploitation of many
gtocks in the forsceable future. Particularly in the cnse of species in greatest commeroial
demand, inoievasing emphasis is more likely to be plaoced upon cultivation than upon the orop=

ping of naturally-ocourring stooks.

Arctic Sea : Area 18

The region generally does not favour large algal growth., In those limited aresu where
productivity ise reasonably high harventing will be difficult because of the olimate and
distance from markets. Prospeots are poor for signifioant produotion, ecay not more than a

few thousand tons.

Northweat Atlantic & Area 21

Thie includes, in the Nova Scotia area, some of the moet prodvctive seaweed beds in
the world. Red algae are oropped fairly intersively in several parts of the area (eege
Prince Edward Island) but harvest oould be significantly inoreased, perhaps threefold.
Very large standing stocks of brown anlgae ocour, with an estimated 900 000 t of Laminaria
in mouthwest N¢ /a Scotiam. If the total stook for the whole area is 1ittle more than twios
the Zigure, the putential would be 500 000 t (using a ratio of standing stookipotential orf

411)
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Northeast Atlantio 3 Area 27

This is another area with regions of very high productivity, partioularly along the
open Atlantio coast from northern Norway to Ireland. The area provides soms of the major
harvests of red and brown algae (in the mcuthern and northern arsas respectively)., The
potential of brown algae off Scotland is estimated at 1 million t. Bearing in mind the
furtner produotion from the great length of the Norweglian ooastline and other areams, the
Scottish potential mny be not more than one-third of the total. Red slgae offer fewer
prospectes for expansion, but it should be possible to double present harvests.

Western Central Atlantic t Area 31

The area is not rioh in oonstal meawseds and there is presently no signifioant harvest.
However, both red and brown algae occur in soattered looations in all parts of the area,
and total potential from small-scale operations might be mignificant, at least some thou~
sands of tons. In addition the standing stock of floating Sargassum weed amounts to some
millions of tons, ®o that the potential from this sourse, if harvestavle, oould be a

million tons or more.

Eastern Central Atlantic t Area 34

Moderate quantities of algze ooocur in the northern part of the area, but the southern,
tropioal area secms poor in peaweeds., The present harvest of red algmne in Moroooco is
limited to certain areas, partly due to communication difficulties. If the present harvest
rate near the factories could be extended to all the coant southward to Senegal, harvest
could be increaged five to ten times, or more.

Mediterranean and Black 3ea : Area 37

Though densitien of scaweed are low, except on the Blaok Sea, the long ooaatlines of
the areca envura at lenst a moderate total standing stock, and harvests of red algne are
considerable. In the Blaok Sen a standing stook of 5-6 million t of Phyllophora may be
the biggent accumulation of red algne in the world. A harvest of 1 million t annually from
this resource seemu not unrennonnble,

Sonthwent Atlantio ¢ Aren 41

Some of the richest stooks of brown algae ocour in the southern part of the area. The
extent (10-15 degreen »f latitude) is esimilar to that in the Northwest Atlanilo, and the
potential r v be similar (L.0., about 2 million t). Further north, stooks of both red and
brown algae are considerniie, if less spectacular, and signifioant harvests are now being
taken. Thesns can probably uve inoreased, and the total potentinl of red algas might be some
100 00D &,

Southeant Atlantic ¢ Area 47

This area !n generally poor in seaweeds, espeoially in the northern part. Published
figures of pntential of "hundreds of thousands, if not milliona of tonas" are almost
oertainly too high. FExtrapolation of quantities of red algae oast ashore (40 t dry weight
per km), and of surveys of loonl stocks of brown algame (6 000 t dry weight in five plaoces)
suggeat fipgures of potential in terms of wet weight of 100 COO0 t upwards.

Western Indirn Ocean 1 Area 51

Resourcen are generally no morm than modnrate, Information from the coants of Afrioa
anc. the Arabiun Peninoula 1s soarce. Comparison with other areas would suggest resources
~i{ perhaps a { % tens of thousands of tonm, Data from India and Pakistan are more abundant
but somewhat inconnistent. Estimates from the best studied (and probatly mont productivo)
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areas are quite high, e«gey 20 000 t of red algae potential annual harveat from 32 km.
For the whole Indian peninsule the potential of both red and brown algae is probably at
least 100 000 t.

In the southern Indian Ocean there are enormous quantities of brown algae round
Kerguelen which could well yield a miliion tone or more if {ransportation and other
practical problems were solved.

Eastern Indian Ocean 3 Area 9]

Information is sparse from the tropical part of the region from India to northwestern
Australia, but what there is does not suggest the existence of a rich resource. Substantial
quantities of brown algae have been harvested off Tasmania, and greater quantities
(1 400 000 t standing stock) exist off southern Australia, though these cannot be easily
harvested mechanically. The total potential of brown algae for the whole region might be
ae much as 500 000 t, but that of red algae substantially less (posoibly 50 000 t by extra-
polation from other areas).

Northwent Pacific : Area 61

Large quantities are harvested in Japan, Korea and China. Demand seems in excess of
supply, and harvest from natural stocks is increasingly supplemented by cultures This
suggeats that in these countries there is not much opportunity for increasing harvest from
natural resources. There is a large standing stock (estimated at a little under 2 million
tons) off the coasts of the U.5.5.R., and the potential harvest from this could be added to
existing production to provide a reasonable estimate of the total potential (plue say
25 percent to allow for some increased harvest even from the nther countries).

Northeast Pacific t Area 67

"Yhe region is very rich in kelps. Surveys have been made from 1911 onwards but there
appears to be some confusion in the reported fipgures between gtanding stock, productivity,
and potential harvent. However, even with the moet conpervative interpretation of the
purvey data and of the ponsible cropping rate, the potential harvest is wvery high,
probably at least 1 500 000 t. Red algae are very scarce.

Western Central Pacific : Area 71

Seaweeds are widely eaten in the region, but there is little quantitative data on the v
current harvest, ntill less c. the potential. Allowing for non-raporting of some parts of
the present harvest, and for increased harvent fron the less intensively harvested grounds,
it is likely that the potential might be at leact five times the presently reported fisures.

Fastern Central Pacific : Area 71

This area io very rich in seaweeds and supports one of the larger srnweed industriea.
Eatimates of potential harvest of kelps (mainly Mncrocxstia) run as high as 35 million t.
This may be high, but a very safe conservative figure, an order of magni‘ude lower, io
8till a very larse harvest., Red algae arc harvested locally in both the U.S.A. and Mexico,
and production c¢ould be increased.

Southweot Pacific : Area 81

Madeiate qaantities of red algac ocour of f Australia and New Zealannd, and there is
a~~ . commercial © .rvesting. Brown algae occur in more substantial quantities in the
gouthern parto T Hew Zealand,
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Southenat Paocifio 1 Area 87

This area, and the coast nf Chile in partioular, is very rich in seaweeds. Red algme
are mainly found from oentral Chile northwards, while brown mlgae dominate the southern
waters, where the Magellan Straits hold one of the richest untappod seaweed resources in

the world.
Hn
Potential and Actual Harvests of Seawseds
(thousands of tons wet weight)
Red algae Brown algae I
Reocent Potentia Recent Potentia

Area harvests —/ output 2 harvests —/ output
18 Arctic Sea - - - -
21 NW Atlantio 35 100 6 500
27 NE Atlantio 12 150 208 2 000
31 WC Atlantio - (10) 1 1 000
34 EC Atlantio 10 50 1 150
37 Mediterranean/

Black Sea 50 1 000 1 50
41 W Atlantio 23 100 15 2 000
47 SE Atlantio 7 100 13 100
51 W Titlan Grern 4 120 5 150

(1 000, Kerguelen)

57 E Indian Ocean 3 100 10 500
61 W Pacifio 545 650 825 1 500
67 NE Paoifio - 10 - 1 500
71 WC Panifio 20 50 1 50
77 EC Pacifio 7 50 153 3 500
81 8W Pacific 1 20 1 100
87 SE Panifio 30 100 1 1 500

l/ Recent levels of harveszts based upon estimates for 1971-73.

2/ Broad indications of possible annual output.
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