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ABSTRACT

Several areas along the coast of British Colunbia were sanpl ed
for potentially valuable colloid-bearing red seaweed during 1978.
Twenty-one algal taxa were collected from59 sites. Colloid analysis
reveal ed the presence of at |east 16 agarophyte and carrageenophyte
taxa with gels of comrercial interest. Experinmental cultivation
tested the anenability of these algae to air-agitated culture
condi ti ons and screened | arge nunbers of plants for selection of
superior individuals. Those algae with both an attractive colloid
and a culture potential included Gacilaria "chorda" type,

Gymogongrus | ept ophyl I us, and Neoagar dhi el |l a bail eyi .
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PREFACE

The devel opnent of a conmercial cultivation technol ogy for agar-
and carrageenan-produci ng nari ne plants has been a mmjor research
obj ective of the Marine Resources Branch since 1976. Early efforts
towards realization of this objective were, however, restricted by a
| ow | evel of funding availability Largely unsuccessful attenpts to
devel op procedures for growi ng the agarophyte Gracilaria in cheap,
| ow or extensive technol ogy systens did provide the conceptua
stepping off point for the devel opnent of an intensive culture
t echnol ogy based on floating, sem -closed nodul es. The prototype
Floating Algal Culture System (F. A C S.) was devel oped in 1977-78 and
since that tinme has been undergoing nodifications to nmake it a nore
efficient user of energy and producer of algal colloids. Initia
experiments on Gacilaria production in F.A C S. indicated not only
that this system had consi derabl e conmercial potential but also
brought to light the problens which had to be overcone before this
technol ogy could be commercially applied. One of the nmjor concerns
expressed was that to truly evaluate the conpetitive position of
F.A.C.S. technology we would have to isolate individual plants of one
or nore sel ected species which would grow nuch nore rapidly than
normal wild types, and subsequently devel op clones fromthese
i ndi vidual s as cul ture seedstock.

The relatively nassive, joint governnent/industry drive to
devel op commercially viable intensive, |and-based culture technol ogy
for the carrageenophyte Chondrus crispus in the Canadian Atlantic
Provi nces, and the recent phenonenal success of the extensive
cul tivation practices for the carrageenophytes Eucheuma striatum and
E. spinosumin the Phillipines, are predicated on the availability of
superior seedstock material which has been isolated over a period of
years. This should surprise no one, for we need only | ook at the

farmng of terrestrial plants to see our near total dependence on
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food plants which are the product of over 10,000 years of selection
by agricul turists.

The information reported herein is the result of the first
attenpt to screen those | ocal species thought to contain colloids
presently of commercial inportance, and to determine the colloid
type, quality and quantity el aborated by each. Observations of
sanpl e populations in F. A C S. nodules served to indicate the
anenability of each taxon to air agitated culture conditions.
Speci es whi ch contai ned acceptable quantities of a commercially
val uabl e colloid, which, by virtue of the interplay between their
nor phol ogy and the air-driven agitation, were well circulated within
F.A.C.S. nodul es, and which exhibited relatively rapid growh in
culture were to be considered as candidates for nore intensive
sel ection and cl one devel opment procedures at a | ater date.

Al'l opinions expressed in their report are those of the authors
and do not necessarily reflect the view of the Marine Resources
Branch. This study was conducted under contract for the Marine

Resources Branch, Mnistry of Environment.

L. M chael Coon
Mari ne Pl ants Section
Mari ne Resources Branch
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| NTRODUCTI ON

Agar and carrageenan are gel-formng colloids extracted from
certain species of red seaweeds. Due to their varied and often
uni que gelling characteristics, these colloids have a w de range of
commerci al applications in the food processing, pharmaceutical, and
manuf acturing fields. Current world demand for agar and carrageenan
is increasing steadily, placing a strain on the presently
over harvested natural sources and increasing the inportance of
cultivation (Naylor, 1976). |In addition, the phycocolloid market
| acks a stable supply of high quality raw nmaterial (Bissell, 1972),
enphasi zi ng the need for selection and cultivation of conmercially
superi or speci es.

Agar is a polysaccharide of variable chem stry derived froma
nunber of algae, chiefly Gelidiumand Gacilaria. |Its thickening,
stabilizing, and suspending properties give it many industria
applications and its high gel strength, Iow viscosity, and
transparency nake it al nbst uniquely valuable for mcrobiol ogica
work (Naylor, 1976). The estimted world production of agar is 6000
T per year, but has the potential for a three-fold expansion (Jensen
1979; Wods Gordon, 1978). However, due to variable quality and
i nconsi stent supply, the agar market is relatively unstable (Mss,
1977). WMass cultivation of agarophytes could alleviate this
situation by providing dependabl e sources of high quality raw
materi al and ensuring continued growth of the agar industry.

Carrageenan is also an al gal polysaccharide with a variety of
chem cal configurations (e.g. |anda, kappa, and iota forns) and a
range of colloidal properties. It shares a diversity of uses with
agar but, due to its marked reactivity with mlk protein, has the
wi dest application in the dairy food industry (Naylor, 1976).

Present world supplies of carrageenan are produced primarily from
natural popul ations of Mondrus and G gartina and cultivated
popul ati ons of Euchewna, w th Canada producing nmuch of the first two
and the Philippines nost of the latter (Jensen, 1979). Total world

production of carrageenan approaches 10,000 T per year (Jensen, 1979)



but, unlike agar production, is relatively stable. This allows a
conti nued expansion of applications and an annual industrial growh
of between 2.5 and 5.0% (Wods Gordon, 1978). Cultivation could
benefit the carrageenan industry by providing alternate sources,
freedomfromresource restrictions, and a nmeans of enhancing colloid
quality and quantity.

The feasibility of |arge-scale seaweed cul tures has been
denonstrated by the Gacilaria farns of Taiwan (Shang, 1976), the
Porphyra (nori) farms of Japan (Ckazaki, 1971), and the Eucheuma
farms of the Philippines (Doty, 1979). Neish and Knutson (1979)
report that the cultivation of Chondrus crispus on the east coast of
this country is also approaching comrercialization. Locally,

i nterest has focused on devel oping cultivation technol ogy; a
prototype floating algal culture systemfor econom cally inportant
seaweed has recently been designed and tested with the agarophyte
Gracilaria in British Colunbia (Lindsay and Saunders, 1979).

I sol ating superior strains of algae is now of primary inportance.
As in the case of the highly successful Tanmbal ang strain of Eucheuna
in the Philippines, as well as the rapidly growing T4 strain of
Chondrus in Nova Scotia, "the nove toward comrercial cultivation has
depended upon sel ection of fast grow ng, perennial, vegetatively
propagating strains originating fromindividual plants |ocated during
screeni ng prograns” (Neish and Knutson, 1979). The use of superior
seedst ock enhances the production of bionmass and yield of colloid,
increasing the econonmic viability of a culture operation.

The purpose of this prelimnary study was to identify prom sing
speci es and sel ect superior strains of |ocal agarophytes and
carrageenophytes for culture seedstock. This was acconplished by
collecting and sorting plants in the field, analysing their colloid
content, and observing their behaviour and growth while under
cultivation, with the objective of l|ocating individuals which both
perfornmed better in culture and contained a colloid of conmercia

val ue.



MATERI ALS AND METHODS

The sel ection process consisted of several phases, including:

1) surveyi ng and collecting potentially val uabl e speci es;
2) drying sanples for colloid anal ysis;

3) testing anenability to culture;

4) i sol ati ng superior individuals.

Pl ants were hand-harvested in the field, w thout their holdfasts,
and efforts were made to pick only healthy and superficially non-
reproductive plants. Reproductive material was avoi ded since
necrosis often follows maturation of reproductive features and
rel ease of spores (Dixon, 1973). Prior to being placed in a culture
apparatus, field collections were nore thoroughly sorted in order to
el i m nate unheal thy, heavily foul ed, or obviously fertile
i ndividuals. Small sanples of each popul ation were dried for colloid
analysis by Dr. J.N.C. Wiyte of the Departnment of Fisheries and
Cceans in Vancouver or by Marine Colloids Division, F.MC
Cor poration, in Rockland, Maine.

The sorted plants, segregated by species, were then wei ghed and
pl aced in one of three culture systens. Large collections (1.2 wet
kg or nore) were placed in a unit of the Floating Algal Culture
System (F.A.C.S.) and small collections in tank or trough culture
systens. These culture facilities were located in Banfield Inlet
(48°50.2' N, 125°8.3'W.

The Floating Algal Culture System (Lindsay and Saunders, 1979)
consi sted of cone-shaped pol yet hyl ene bags with a vol une of 3600 1
and a surface area of 6.0 n2 (Fig. 1). These bags were suspended by
styrofoambillets and housed in a floating log frame. An air-lift
punp attached to the base of each bag provi ded aerati on and
agitation; fresh seawater was punped froma depth of 10 mat a rate
of approximately 75 1/mn. Plants were retained in the F.A C S. for

a mni mum of two weeks, with wet weight determ nati ons made weekly.



Figure 1. Photograph of the Floating Algal Culture System (F. A C.S.)
used as the primary screening apparatus.

At the conclusion of this initial screening period, individuals

di spl ayi ng reproductive features, epiphytism bleaching, or necrosis
were elimnated and the remaining plants were transferred to tank and
trough culture systens.

Forty tanks, each with a volune of 18 1 and a surface area of
6.25x10°2 nf, made up the second culture system (Fig. 2). Water
punped froma depth of 10 m and passed through a 25msand filter was
supplied at the tank surface at a rate of 1.5 1/nmin; air was provided
t hrough the tank base. Plants were observed for periods ranging from
a few days to several nonths. Periodically, weight determ nations
were made and reproductive, epiphytic, and necrotic material was
renmoved. Throughout the screening process, superior individuals
(those with rapid gromh rates and a resi stance to epi phytism were
i solated and transferred to the trough culture systemin order to
fol Il ow i ndi vi dual performance.

Figure 2. Photograph of the tank culture systemused for the
secondary screening of test collections.



| -

The trough system donated by Marine Colloids, was conprised of
five troughs, each subdivided into 38 culture conpartnents with a
volune of 3.0 1 and a surface area of 3.8x102 M (Fig. 3). Each
conmpartnent received air fromthe base and fresh seawater at the

surface. Seawater was punped through a 25msand filter froma depth
of 10 mand supplied at a rate of 0.15 1/mn. |Individuals or clunps
of plants were nonitored in the troughs as |long as they renuai ned
heal t hy, non-fertile, relatively epiphyte-free, and continued to
grow. As in the FFAC.S. units and the tanks, inferior individuals
were regul arly discarded
Gowh in all three culture systens was cal cul ated using the

formul a

100 I'n (W/ W)

Figure 3. Photograph of the trough culture systemused for the
tertiary screening of test collections.



where mis the specific gromh rate (percentage increase in fresh
wei ght per day), W is the initial wet weight, and W is the wet

wei ght on day t; this equation assunes an exponential growth curve
(DeBoer, et al, 1978). Specific gromh rates of |less than 1% day
were not considered in this report. Wt weights were determ ned
using a drip-drying technique with a calculated error value of |ess

than 1%



RESULTS AND CONCLUSI ONS

Survey and Col | ecti on

Areas sanpled for potentially valuable red al gae during 1978
i ncl uded Barkl ey Sound, east coast Vancouver Island, no ' rth
coast British Colunbia and adjacent islands, and north and east
coast Queen Charlotte Islands (Fig. 4 and 5). Over 100 sites
were surveyed, but site nunbers were assigned only those where

col |l ecti ons were nmde.

A total of 21 varieties of algae representing 14 genera were
collected fromthe intertidal and upper subtidal of 59 sites
(Table 1 and Appendix I). The nost comonly coll ected al gae were
Gelidium Ggartina, Gacilaria, Gymmogongrus, Neoagardhiella,
and Rhodogl ossum but none of the seaweeds coll ected were
observed in comercially-harvestable quantities during the
survey. The majority of species were known to contain agar or
carrageenan; others were suspected sources and a few had never
been anal yzed. The following is a description of the al gae
col | ect ed.

a. Ahnfeltia (G gartinal es, Phyllophoraceae)

Ahnfeltia gigartinoides J. Agardh (Fig. 6) is a
frequent to comon, intertidal to subtidal alga, 10 30 cm
tall and deep red to purplish-black in colour, with
stiff, cylindrical, dichotonously-divided branches
(Abbott and Hol | enberg, 1976). Hoppe (1969) regards it
as an agaroid raw material while Santos and Doty (1979,
as A. cocinna) refer to its-colloid as a deviant iota
carrageenan. A. gigartinoides was observed several tines

and collected at four sites during the 1978 survey.



Figure 4. Map of B.C. coast show ng collection areas.
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Table 1. List of species collected and frequency of collection.

Al ga No. of sites collected
Ahnfeltia gigartinoides 4
Ahnfeltia plicata 2
Caul acant hus ustul at us 2
Cer am um sp. 1
Endocl adi a nuri cata 3
Cel i di um sp. 13
G gartina agardhii 21
G gartina stellata 21
Gracilaria "brown" type 2
Gracilaria "chorda" type 5
Gracilaria "verrucosa" type 19
Gymogongr us | ept ophyl | us 11
Gymmogongrus |inearis 3
Gymogongrus pl atyphyl | us 7
Iridaea cordata 1
I ri daea cornucopi ae 2
Laurenci a spectabilis 1
Lonment ari a hakodat ensi s 1
Neoagar dhi el | a bai | eyi 11
Pseudogl oi ophl oea confusa 3

Rhodogl ossum af fi ne 20
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Anfeltia pzicata (Hudson) Fries (Fig. 7) is a wry,
sl ow-growi ng perennial (Fritsch, 1945), 5 - 14 cmtal
and dark purple to black in colour, typically found in
sand in the mid to lowintertidal (Abbott and Hol |l enberg,
1976). It is widely distributed ' and in Russia A
pzicata is the primary source of raw material for agar
production (Hoppe, 1969). This alga is relatively conmmon

in B.C. and was collected twi ce during the survey.

Caul acant hus (G garti nal es, Rhabdoni aceae)

Caul acant hus ustul atus (Mertens ex Turner) Kuetzing
(Fig. 8 is asmall, irregularly dichotonmous, high
intertidal species with short, spinose branches (Norris
and Wnne, 1968) that tend to form secondary attachnents
to the substrate, other al gae, and ot her branches,
resulting in tangled clunps 1 - 3 cm high (Searl es,
1968). Caul acant hus was observed both in Barkl ey Sound
and the Strait of Georgia during 1978.

Ceram um ( Cer am al es, Ceram aceae)

Ceramiumsp. Roth (Fig. 9) is a w despread,
saxi col ous or epiphytic red alga with distinct cortica
bandi ng and alternate to irregul ar branching (Abbott and
Hol | enberg, 1976). Although Ceramiumby itself currently
has Iittle econom c inmportance, it does contain an agar
type colloid and is often m xed with other agarophytes
for comercial applications (Hoppe, 1969). Ceramiumis
common in British Colunbia but was collected in quantity

only once during this survey (site 43).
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Figure 6. Photograph of herbarium specinmen of Ahnfeltia
gi garti noi des.

Figure 7.




13

Fi gure 8. Photograph of herbarium speci men of Caul acant hus
ust ul at us.

Figure 9. Photograph of herbarium specimen of Ceram um sp.
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Endocl adi a (Cryptonem al es, Endocl adi aceae)
Endocl adi a nuricata (Postels and Ruprecht) J. Agardh

(Fig. 10) is a small (4 - 8 cmtall), tufted, dark red to
bl acki sh al ga covered in spines and found commonly on
rocks in the upper intertidal (Scagel, 1967) and reported
by various authors to contain agar, agaroid, or kappa
carrageenan (Hoppe, 1969). It was frequently observed

but collected at only two sites in 1978.

Gelidium (Nermalial es, Gelidiaceae)

Gelidiumsp. is a stiff, cartilaginous, repeatedly
pi nnately branched plant found both intertidally and
subtidally (Fritsch, 1945) and used by a numnber of
countries including Japan, the U S. A, South Africa,
Chile, Spain, and Morocco as a conmerci al source of agar
(Hoppe and Schmid, 1969). O the five species of upright
Gelidiumreported in British Colunbia, G robustum
(Gardner) Hol |l enberg and Abbott (Fig. 11) is the nost
common (W ddowson, 1974) and the only one observed in

| arge quantities during this study.

Ggartina (Ggartinales, G gartinaceae)

Two species of intertidal Ggartina, G agardhii and
G stellata, were studied in 1978. G agardhii is easily
recogni zed in the field on the basis of gross norphol ogy.
O her species of intertidal Ggartina denonstrate greater
nmor phol ogi cal variability and are not as distinct (Abbott
and Hol | enberg, 1976); these require further taxonomc
work and it seens probable that they should be
synonym zed with G stellata (Wddowson, 1974). Due to
t hi s taxonom c confusion and for the purpose of this
report, G papillata, G latissim, and other related
nmor phol ogi es were not differentiated fromthe species G

stel |l at a.



15

Fi gure 10. Phot ograph of herbarium speci nen of Endocl adi a nuri cat a.

Figure 11. Phot ograph of herbarium speci nen of Gelidi um robustum

scale
[ . |
(il g

. .?\;:“.".r --
cm /




16

G gartina agardhii Setchell and Gardner (Fig. 12) is
a di chot onousl y- branched, reddi sh-brown plant, 5 10 cm
tall, with furrowed bl ades bearing occasi onal groups of
papillae, and is found growing in small clunps on rocks
in the high to md intertidal (Abbott and Hol | enberg,
1976). G stellata (Stackhouse) Batters (Fig. 13) is a
small (5 - 15 cmtall), tufted, dark purplish-brown plant
with irregularly dichotonous, papillose branches (Tayl or,
1957) often incurved at the edges and tw sted (Fritsch,
1945). Like the Atlantic seaweed Chondrus crispus
St ackhouse, G stellata is one of the nmjor sources of
carrageenan (Hoppe and Schm d, 1969). Both species of
G gartina are locally common and abundant and were quite

often found growi ng together during the survey.

Gracilaria (Ggartinales, Gacilariaceae)

Gracilaria is a variable, w despread al ga used as a
raw material for agar production in many countri es,
i ncl udi ng Japan, the Philippines, South Africa,
Australia, Chile, Argentina, and the U S. A (Naylor,
1976). It is also the subject of several recent studies
in British Colunbia concentrating o-1 its biol ogy
(Saunders and Li ndsay, 1976), neans of enhancing its
grom h using floating net's and inpoundnents (Lindsay and
Saunders, 1977), and its experinmental cultivation in the
F.A.C.S. (Lindsay and Saunders, 1979). As a result,
three types of Gracilaria have been characterized in B.C
(Li ndsay and Saunders, 1979).
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Fi gure 12. Phot ograph of herbarium specinmen of G gartina agardhii.

Fi gure 13. Phot ograph of herbarium specinen of Ggartina stell ata.
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Gacilaria "brown" type (Fig. 14) is irregularly
branched, brown to yellow in col our, and found
intertidally in unattached mats. To date, nale
structures for this type are unknown. Gacilaria
"chorda" type (after Yamanoto, 1975) (Fig. 15) is nore
regul arly branched, a light red in colour, and may be
found either intertidally or subtidally, attached or
unattached. The nmales of this type are characterized by
havi ng spermatia in indefinite sori in the cortex.
Gracilaria "verrucosa" type (after Yamanoto, 1975) (Fig.
16) is a deep burgundy in colour, with irregul ar
arborescent branching and is also found either
intertidally or subtidally, attached or unattached. The
mal e "verrucosa" type has spermatia in pot-shaped
conceptacles in the cortex. Gacilaria "brown" type nay
prove to be a variant of this "verrucosa" type. Al
three types are common in B.C. and may be found in m xed
popul ations. The "verrucosa" type was coll ected nore

frequently during the survey.

Gymogongrus (G gartinal es, Phyll ophoraceae)

Four species of Gymmogongrus have been recorded in
British Colunmbia: G Ileptophyllus, G lineari.9, G
norvegi cus, and G platyphyllus (Wddowson, 19745 New ot h
and Markham 1971). G Ilinearis and G platyphyllus are
each norphol ogically distinct. However, collections nmade
during 1978 'showed that differentiating G
| ept ophyl | us/ G norvegi cus usi ng gross norphol ogi ca
features was often difficult, as there appeared to be a
conti nuum of characteristics fromone species to the
other. As a result, G norvegi cus was not distinguished

fromG |eptophyllus in these sanples; the occurrence
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Fi gure 14. Phot ograph of herbarium specinmen of Gacilaria "brown"
type.

Fi gure 15. Phot ograph of herbarium specinen of Gacilaria "chorda"
type.
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of the former in this area needs confirmation (W ddowson
1974) and the taxonony of both needs further
clarification (Newoth and Markham 1971). |In addition,
other lists of algae for the western coast of North
Anmerica include only G |eptophyllus and not G
norvegtcus (e.g. Phinney, 1977; Abbott and Hol |l enberg,
1976; Smith, 1969). Many speci es of Gynnogongrus are
known to contain carrageenan, and in East Asia, are used
as a phycocolloid raw material (Hoppe, 1969). Recent

anal ysi s of Hawaiian Gymogongrus identified an iota type

carrageenan (Santos and Doty, 1979).

Gymogongrus | ept ophyl lus (Gunner) J. Agardh (Fig.
17) is a reddish-purple, regularly dichotonous plant with
a terete basal portion and flattened, forked branches
(Taylor, 1957). Local collections frequently included
individuals with proliferous short, |ateral branches as
well. G Ileptophyllus was found in the md to | ow
intertidal of several sites. G linearis (Turner) J.
Agardh (Fig. 18) is a tan to deep purplish-brown,
di chotonously branched plant that tends to grow in
patches 10 - 18 cmtall on sand-swept rocks in the md to
low intertidal; its branches lie approximately in the
same plane, with cylindrical stipe-like portions towards
the base (Abbott and Hol | enberg, 1976). G platyphyllus
Gardner (Fig. 19) is a dull red to reddish purple plant,
up to 15 cmtall, having a cylindrical base but markedly
flattened dichotom es, and found occasionally on rocks in
the low intertidal or upper subtidal (Scagel, 1967).
This al ga was observed repeatedly but with one exception

(site 33), was not abundant.
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Fi gure 16. Phot ograph of herbarium specinen of Gacilaria "verrucosa"
type.

Fi gure 17. Phot ograph of herbarium speci mnen of Gymmogongr us
| ept ophyl | us.
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Fi gure 18. Phot ograph of herbarium speci men of Gymmogongrus |inearis.

Fi gure 19. Phot ograph of herbarium speci nen of Gymmogongr us
pl at yphyl | us.
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Iridaea (G gartinales, Ggartinaceae)

Iridaea cordata (Turner) Bory, (Fig. 20) is a cordate
to broadly | anceol ate, purple to blackish and often
iridescent blade having an extrenely variabl e norphol ogy
and found comonly in groups or bands in the intertida
or subtidal (Abbott and Hol | enberg, 1976). Like the
closely related genera Chondrus and G gartina, Iridaea
cordata is a comrercial source of carrageenan (Chapman
1950). Iridaea cornucopi ae Postels and Ruprecht is a
short (2 - 4 cmtall), often | obed blade with a short
stipe flaring into a furrowed apophysis; it is usually
found in clusters on rocks in the high to md intertida
(Abbott and Hol | enberg, 1976). |Its colloid has severa
comrerci al applications in Japan (Hoppe, 1969). Both
species of Iridaea are relatively conmon on the B.C
coast, although collected sporadically during this
survey. |. cordata is the subject of several recent
studies in this area (e.g. Munford, 1977; Canadi an
Benthic Ltd., 1977; Waal and, 1977; Austin and Adans,
1975) .

Laurenci a (Ceram al es, Rhodonel aceae)

Laurenci a spectabilis Postels and Ruprecht (Fig. 21)
is arose-red to purplish plant, up to 30 cmtall, with
several erect, repeatedly-divided, conpressed axes,
symmetrical branches, and rounded apices: it may be
frequent on rocks fromthe md intertidal to the subtida
(Abbott and Hol | enberg, 1976) but was collected in
substantial anmpbunts at only one |location (site 35) in
1978. The extract of sone types of Laurencia has been
shown to produce a weak gel and it may al so have

antibiotic characteristics (Hoppe, 1969).
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Fi gure 20. Phot ograph of herbarium specinmen of Iridaea cordata.
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Lonentari a (Rhodyneni al es, Chanpi aceae)

Lonment ari a hakodatensis Yendo (Fig. 22) is a small (1
- 8cmtall), purplish (but often bleached) intertida
perenni al found usually as an epi phyte or growing in
tufts on rocks; branches are generally hollow and
tapered, irregularly but profusely divided, and Iike
Caul acant hus, commonly form adhesi on areas between
adj acent branches and becone arranged in a confused
tangle (South, 1968). Lonentaria has only lately been
reported in British Colunbia and may be a non-endem c
speci es of recent introduction to the Pacific Northwest
(South, 1968). South (1968) found Lonentaria only in the
Strait of Georgia whereas this survey |ocated Lonentaria
in Barkley Sound as well. In addition, tetrasporic
Lonmentari a was di scovered grow ng epi phytically on
Ceorgia Strait Gacilaria being cultured in the F.A C S
in the fall of 1978. The colloidal nature of this alga

i s not docunented.

Neoagardhiella (G gartinal es, Solieriaceae)
Neoagar dhi el | a bail eyi (Harvey ex Kuetzing) Wnne and
Taylor (Fig. 23) has an elongate, fleshy thallus
(Fritsch, 1945) with irregular, sparse or dense, radia
or distichous branching, and is found on rocks, nostly
near sand, in the intertidal (Abbott and Hol |l enberg,
1976). Neoagardhiella contains carrageenan and i s used
comercially in eastern North Anerica (Hoppe, 1969).
Neoagar dhi el | a was observed and col |l ected frequently

during the survey.
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Fi gure 22. Photograph of herbarium speci nen of Lonentaria
hakodat ensi s.

Fi gure 23. Photograph of herbarium speci nen of Neoagardhiella
bai | eyi .
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m Pseudogl oi ophl oea (Nenal i al es, Chaet angi aceae)

Pseudogl oi ophl oea confusa (Setchell) Levring in

Svedelius (Fig. 24) is an infrequent but wdely

di stributed, saxicolous, md intertidal to subtidal alga,

3 - 15 cmtall, dark red in colour, and regularly

di chot onobusly branched with cylindrical branches and

tapering apices (Abbott and Hol |l enberg 1976). It is not

recorded whet her Pseudogl oi ophl oea contains a colloid of

commerci al potential. Abundant P. confusa was observed

at three locations during 1978. However, it appeared to

be very epheneral in nature, growing rapidly in the

spring and degenerating rapidly in the early fall.

Plants collected during the spring and sunmer were

remar kabl y epi phyte-free.

n. Rhodogl ossum (G gartinal es, G gartinaceae)

Rhodogl ossum affine (Harvey) Kylin (Fig. 25) is a
small (4 - 15 cmtall), greenish-olive to reddish-purple
carrageenophyte with snooth, dichotonmously branched
bl ades, concave on one side, and occasional |ateral
proliferations; it is relatively abundant intertidally,
usually in tufts or bands and often associated with
G gartina (Abbott and Hol |l enberg, 1976). Collections
made during 1978 reveal ed a highly variabl e norphol ogy in
| ocal intertidal populations as well as an abundance at
the sites surveyed. The nature of the carrageenan of -
Rhodogl ossumis reportedly simlar to that of Chondrus
(Hoppe, 1969).



28

Fi gure 24. Photograph of herbarium speci nen of Pseudogl oi ophl oea
conf usa.
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2. Colloid Analysis

A total of 145 sanples representing 20 types of al gae and 41
di fferent popul ations were sent for analysis during 1978 (Table 2
and Appendix I1); 57% of these were shipped to Dr. J.N.C. Wiyte in
Vancouver and 43%to Marine Colloids in Rockland, Maine. Eighty-
four samples cane directly fromfield collections, the rest from
popul ations in culture. Results have been obtained for 104 of
t hese sanpl es.

Those al gae containing agar or agar-like colloids included
Caul acant hus, Endocl adia, CGelidium Gacilaria, and Laurencia.
Caul acant hus provided a high quality agar with a strong gel, and a
good average yield (28.1% of clean dry weight). Endocladia gave a
high yield (42% of an agaroid polymer, probably with a porphyran
type structure, but gel strength was relatively Iow. The agar
extracted from Gelidiumprovided a relatively good average yield
(23% al though gel strength varied considerably (68 - 378 g/cnf).
Gacilaria had a simlar average yield (24% and generally
produced an acceptable gel, but variation between sanpl es was
| arge for both paranmeters. O the three types of Gacilaria, G
"chorda" type produced the highest average yield (27% and the
"chorda" from Cherry Point (site 26) the highest gel strength (395
g/cnf). Laurencia was found to have non-gelling, agaroid type
pol ysacchari de.

Carrageenophytes anal yzed i ncluded Anfeltia, G gartina,
Gymmogongrus, Iridaea, Neoagardhiella, and Rhodogl ossum
Anfeltia, with an average yield of 23% gave an iota type
carrageenan with agar-like gel formng ability, but was difficult
to extract. Both Ggartina agardhii and G stellata yielded | arge
per cent ages of kappa carrageenan (52 and 42%respectively). The
gel fromG agardhii was |less variable in yield and ge

characteristics than that from G stell ata.
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Gymmogongrus al so had good yiel ds of predom nantly kappa
carrageenan, especially the species G |eptophyllus (47% and G
linearis (38%. The gel derived from G |eptophyllus was stiff
and dry, sonmewhere between kappa and iota types in nature.
Iridaea provided a high percentage (40% of |anmbda carrageenan
whi | e Neoagardhiella provided nostly iota type. The yield from
Neoagardhiella was | ow (26%, possibly due to its high water
content (I.C. Neish, personal conmunication), but the gel was
highly elastic in nature. The colloid extracted from Rhodogl ossum
proved to be simlar to that from Chondrus, with an excellent
average yield (53% of a 50:50 kappa: | anbda carrageenan, and a
relatively high viscosity.

The col loids extracted from Ceram um Lonentaria, and
Pseudogl oi ophl oea have yet to be el aborated, but produced poor
gel s and do not appear to be commercially valuable at this tine.

Based on econom c attractiveness, several of the species
anal yzed provide colloids of potential interest. Caul acanthus,
CGelidiumand Gacilaria are potential sources of agar. The
Caul acant hus agar in particular has interesting properties (I.C.
Nei sh, personal conmmunication) and outperfornmed in yield and
quality the other agarophytes analyzed (Wyte and Hosford, 1979).
Carrageenan producers of interest include Iridaea, G gartina,
Gymmogongr us, Neoagardhiella, and Rhodogl ossum Tetrasporic
Iridaea is the best source of |anbda carrageenan anong the genera
anal yzed (Whyte and Hosford, 1979) and has excell ent properties
for applications requiring high viscosities (I.C Neish, personal
conmmuni cation). Ggartina agardhii, followed by Gymmogongrus
| ept ophyl I us, provide attractive yields of kappa carrageenan; the
Gymmogongrus in particular has an unusual, interesting colloid
(1.C. Neish, personal communication). Neoagardhiella produces the
nost iota type carrageenan, with an exceptionally elastic gel and
a yield approximately two-thirds that of the commercial producer

Eucheuma spinosum it could be comercially valuable, especially
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if its yields could be enhanced (I.C Neish, persona
conmuni cati on) .

The quality and application of a colloid are determ ned by
its yield and the characteristics of its gel, especially ge
strength and viscosity. Yield figures are often confused by
variations in water content (l.C Neish, personal conmunication);
nevert hel ess, nost of the species anal yze-d provide yields
conparabl e to those from comercial producers. WMss (1977)
reports average values of 32 - 38%for comercial carrageenophytes
and 17 - 25% for conmmercial agarophytes.

Variation in yield and type of colloid, however, is poorly
understood. Both varied with species, geographical source, and
season in the sanpl es anal yzed, but background data was
insufficient to suggest causes. Fluctuations are known to be
related to a variety of factors, including environmental
condi tions, reproductive state, and extraction techni que. For
exanpl e, carrageenan yi el ds have been shown to vary with nutrient
concentration in Neoagardhiella (DeBoer and Ryther, 1977) and
carrageenan types with reproductive state in Chondrus (MCandl ess
et al., 1973) and Iridaea (MCandless et al.,1975). MCandl ess
(1975) denopnstrated that nost sporophytic carrageenophytes yield
| anbda carrageenan and nost ganetophytic carrageenophytes yield
kappa carrageenan. Sanples anal yzed for the present study were
not intentionally segregated into reproductive states, which may
help to explain results such as the 50: 50 | anbda: kappa split in
Rhodogl ossum (whi ch has i sonorphi c sporophytic and gamet ophytic
Dhases) or the predom nantly kappa fraction from G garti na and
Gymmogongrus (which can have a heteronorphic life cycle with only
a crustose sporophytic stage).

Thi s phenonenon is | ess consistent in agarophytes, although
some variation with sexual phase has been suggested with | ocal
Gracilaria (Wwyte and Englar, 1979b). Yield of agar fromB. C
Gracilaria also fluctuates with type (Wyte and Englar, 1979a) and

season (Lindsay and Saunders, 1979), although the ultimte role of
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environnmental factors is enphasized (Wiyte and Englar, 1979a).
The gel ation characteristics of a single population of Gacilaria
"brown" type (site 42) changed frombrittle, hard, and stiff to
soft, elastic, and non-rigid with a change in season (Wyte and
Engl ar, 1979a), denonstrating how highly influential the
environment can be. In Gacilaria "chorda" type, there may be an
i nverse rel ation between yield and gel strength (J.N C. Wyte,
personal communi cation).

The effect of extraction technique on yield was denonstrated
in this study with the enhancenent of Caul acant hus agar by
al kal i ne pretreatnent (Whyte and Hosford, 1979), a techni que that
is used industrially in Japan (Tagawa and Kojim, 1972).

In general, however, sources of variability in algal colloids
have not been thoroughly exam ned and nust be nore clearly
under st ood before we can hope to realize the full commercia

potential of any of these algae in a culture system



Screeni ng and Sel ecti on

Twenty varieties of algae were tested in culture during this
study, including 28 trials inthe FFACS., 78 trials in the
tanks, and 146 trials in the troughs (Table 3 and Appendices |11l -
V). The populations studied in the F.A C.S. cane directly from
field collections; all but four of these yielded plants for
further screening in the tank and trough culture systens.
Approximately half of the algae cultured in the tanks were
initially screened in the F.A C. S.; the rest cane directly from
field collections. Seventeen of these trials yielded superior
plants for screening in the trough system One of the tank
cul tures (Gymmogongrus | eptophyllus) was still being nonitored as
of August 31, 1979. O the 146 individuals or clunps of
i ndi vidual s examned in the troughs, the mpgjority (64% were
selected fromtank cultures and the rest fromfield collections
(22% or the FFACS. (14%. Twenty trough cultures (al
Gymmogongrus | eptophyllus) were still in operation on August 31,
1979.

Specific growh rate nmeasurenents were biased by a nunber of
factors. There may have been an acclimati zation period for al gae
placed in culture and this could have been | onger than the actual
period of cultivation enployed in this prelimnary screening
study. Increases in weight also included weight due to epiphytes;
on the other hand, |oss of plant material through the outflow or
to other sources, such as necrosis, could not be quantified. The
observed response of certain algae to culture conditions nmay have
been due to previous or uncontrollable natural factors, or by
handling, and in fact unrelated to the culture systemitself. 1In
addi tion, many factors such as plant density, plant health, and
environmental conditions influence plant growth; since these were
not uniformfromone trial to the next, conparison of growh rates
shoul d be nmade cautiously. Gowh rates recorded in this study
were, with a few exceptions, relatively low However, it nust be

enphasi zed
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that growth rates of nost marine algae are mnimal in the fall and
wi nter nmonths, when nuch of this study took place. Nevertheless,
growth data did serve to indicate relative potentials and to
identify individuals with superior growth under the culture

condi ti ons provided.

a. Ahnfeltia

Only one sanple of Ahnfeltia gigartinoides was tested
inthe F.ACS. during 1978. Gowth was slow (1.2% day)
al though all the plants visibly increased pignentation
and | ost sone of their wiry texture within two weeks in
culture. In addition, due to the high specific gravity
of the species, agitation in the F.AC S unit was
i nadequate to maintain the plants in suspension, a
problemthat may be renedi ed by increasing agitation
I ndividual s selected fromthe population in the F.A C S.
unit were maintained in the trough systemfor nearly
three nonths; growth, however, was negligible and al
thalli eventually becane totally epiphytized by diatons
and bryozoans. Again, the tinme of year of culture (early
fall) is enphasized.

Ahnfeltia plicata behaved simlar to A gigartinoides
inthe F.ACS In the tank system A. plicata maintained
a slow but consistent rate of gromh (1.2% day) for
nearly five nonths, but eventually becane overgrown with
fouling organisns such as diatons, U va, and, towards the
end of the study, Alaria. Gowth in the troughs was al so
slow and like A gigartinoides, all plants were slowy
but inevitably fouled. In summary, both species of
Ahnfeltia denonstrated only fair potential for floating

culture, limted primarily by slow growt h.

b. Caul acant hus
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Caul acant hus ustulatus initially performed well in
the F.A.C.S. Circulation of the plants was good and
bl eached speci mens becane nore darkly pigmented within
two weeks. However, clunps of plants tended to break up
due to the constant agitation; smaller portions were then
abl e to bl ock or escape through the outflow screen.
Reducing the agitation nmay alleviate these probl ens.
Caul acant hus al so denonstrated a susceptibility to di atom
fouling, and gromh was relatively slow (<1.0% day) .
Performance in the tank and trough systens was |ikew se
poor; growmh was al so slow (maxi num 1. 8% day in the
tanks) and epi phyti smwas nore of a problem The overal
potential of Caulacanthus for floating culture is

restricted by these probl ens.

Endocl adi a

Due to the small volunme of sanples collected,
Endocl adi a nuricata was only tested in the troughs in
1978. Endocl adi a experienced problens in culture simlar
to those of Caul acanthus; clunps of thalli tended to act
as a trap for diatonms and fragnents of thalli often
bl ocked or escaped the outflow, naking accurate growth
rate determ nations inpossible. Endocl adia was mai nt ai ned
in the troughs for four nonths during the fall and
winter, but all specinens eventually succunbed to
necrosis. |Its culture potential is doubtful considering

t hese obst acl es.

Gel i di um

One sanpl e of Gelidiumrobustumwas tested in the
F.ACS in 1978. CGirculation was fair provided
addi ti onal aeration was supplied. However, col onial
di atons conpletely overgrew the thalli within two weeks,

distorting growmh rate neasurenents w th diatom bi omass



33

and meking further screening of this popul ation

i mpossi ble. The tine of year and source of this
particul ar popul ation may have influenced this massive
diatominfestation. |In the trough system Celidium also
di spl ayed a marked susceptibility to epiphytism
especially diatonms and green algae. Gowth in the form
of new tissue was not observed in these plants. In
concl usion, Gelidium appears to be too sl ow growi ng and

too easily epiphytized to have potential for cultivation.

G gartina

G gartina agardhii remained visibly healthy and
rel atively epiphyte-free while in the F. A C.S. although
circul ation was achi eved only by supplying extra
agitation and growth over a two-week period was
negligible. Gowth of G agardhii in the tanks was al so
poor (average of 1.4% day) although one trial grew
especially well (2.4%day) in the fall. Mst plants
eventual |y reached reproductive maturity in the tanks as
well and slowy were overgrown with diatons. Perfornmance
of G agardhii in the trough systemwas sinlar.

Al t hough growi ng apices were evident, fertility and
epi phyti sm were agai n problens, the anenability of G
agardhii to culture is thus questionable.

Like G agardhii, G stellata performed poorly in
culture. Marginal necrosis was observed on sone of the
thalli after two weeks in the F.A.C.S., and growth
(<1.0% day) and the ability of this plant to remain in
suspensi on were poor. In the tank and trough cul tures,
G stellata grew slowy (maximum 1.49/day in the
troughs); thalli were rapidly foul ed by di atons, becane
reproductive or fragnented and degenerated. As a result,

the culture potential of G stellata. is also doubtful.
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G acilaria

The behaviour of Gracilaria in culture has already
been exam ned (Lindsay and Saunders, 1979): the F.A C S
was designed with algae like Gacilaria in mnd. As a
result, Gacilaria generally perfornms well, circulating
easily and displaying good growh rates. New growh is
evident in the formof small, spike-like branches and
pl ants which are bl eached when introduced darken within a
short period of tine. Fragmentation is often observed as
a natural neans of vegetative propagation in Gacilaria.

Gracilaria "brown" type displayed good sumer grow h
inthe F.A C.S. (maxinmm 3. 2% day), although sone
popul ations were easily fouled by diatons. In tank
cultures, gromh was also relatively good (naxinmm
2.3% day); again, diatomfouling was a problem Gowth
in the tanks declined sinultaneously with a decrease in
pl ant pigmentation. The maxi mumrecorded growh rate in
the troughs during the fall was 5.5% day by an indivi dua
pl ant, although nost other thalli had good growth rates
as well (average 3.1% day). Individuals displayed a |oss
of pignmentation after two or three nonths in the troughs
and slowly becane foul ed by diatons and U va, but overal
growt h was good. Possibly the intertidal nature of G
"brown" type affected its perfornmance under constant
subner gence.

Gracilaria "chorda" type tended to braid or curl in
culture, and displayed a maximumfall growh rate of
3.0%day in the F.A. C.S. Some fragnentation occurred, but
many new branchl ess were observed. Sone diatom fouling
took place, but G "chorda" type did not appear to beas
susceptible to epi phytes as G "brown" type, and overal
performance was very good in both the F.A C.S. and tank
cultures. Gowh in the troughs was simlar although

bl eachi ng, fragnmentation, and epi phyti sm by di atons and
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filanmentous al gae were observed nore often in this
culture system

Gracilaria "verrucosa" type fromthe Queen Charlotte
I sl ands denonstrated a sl ow but consistent fall and
winter growth in the F.A C S. Tank cultures, however,
tended to becone reproductive and heavily epiphytized.
The trough conpartments proved to be too small for
successful cultivation of the "verrucosa" type
nmor phol ogy.

G acilaria in general, and "chorda" type in
particul ar, denonstrates an excellent potential for

cul tivation.

Gymogongr us

Gymogongrus | eptophyllus circulated well within the
F.A.C.S. once additional aeration was provided and showed
a low (1.5% day) but consistent rate of growmh. 1In the
tank system growh was slightly higher (maxinmm
2.0% day) and the plants continued to grow into the
wi nter nmonths. Plant pignentation was good and
epi phytismonly mnor at this tine of year. The
performance of G |eptophyllus in the troughs was
i kew se good. Mst trials denonstrated consistently
good growh in the fall and winter with new tissue
evident at the apices; a maxi mumw nter rate of 4.4% day
was recorded. A variety of norphol ogi es energed in the
trough cultures, fromshort and bushy fornms to el ongate
and flattened forns. Sonme diatom fouling occurred but
was not a major problemon the plants exhibiting
continued growmh. The culture potential of G
| eptophyllus is promsing if fast grow ng individuals can
be i sol at ed.

G linearis grew slower and did not circulate as well

inthe F.A C.S. as conpared to G |eptophyllus; growh
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after three weeks was negligible and epi phytes soon
covered the thalli. However, pignmentation visibly
increased in the growing tips in only two weeks in the
F.ACS. G linearis also exhibited negligible gromth in

t he tanks, and experienced problens wth bl eaching,

epi phytism and circulation. It was obviously not well
suited to the tank design. |In the troughs, performance
was simlarly poor; overall, G linearis does not appear

to be anenable to airagitated culture systens.
Gymogongrus pl atyphyllus circulated well but grew slowy
(<1.0% day) in both the F.A C.S. and the tanks. Mbst

pl ants were eventual ly di scarded due to necrosis,

edi phytism or fertility. Trough culture of G

pl atyphyl l us was not attenpted in the study. This alga
appears to have sonme potential for the F.A C.S. culture,
especially if screening can isolate rapidly-grow ng,

vegetative individuals.

I ridaea

Due to small size of collections, both Iridaea
cordata and |. cornucopias were tested only in the trough
systemduring 1978. The thalli of both species
degenerated followi ng the appearance of reproductive
structures. G owh was generally poor at the tine these
species were exam ned (fall and winter); however, new
bl ades appeared fromthe ol d hol df ast of one individual.
Iridaea is the subject of nmuch recent interest in the
state of Washington (e.g. Munford, 1977; Wal and, 1977;
Waal and, 1976) where |. cordata spores are currently
bei ng seeded, both artificially and naturally, on nets
and subsequently outplanted in Puget Sound (Munford,
1979). The culture potential of these species warrants

further exam nati on.
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Laurenci a

Laurenci a spectabilis circulated well inthe F.AC S
but appeared to suffer fromthe handling and sorting and
acconpanyi ng period of exposure to air. As a result,
necrosi s was evident in portions of nost thalli after
only 24 hours in culture; consequently, growh could not
be nmeasured accurately. |In the tank and trough systens,
Laurenci a remai ned unheal thy and rapidly becane overgrown
by di atons; overall growh was negligible. Laurencia
does not appear to be anenable to cultivation due to its

i ntol erance of present handling and sorting procedures.

Lonmentari a

Lonent ari a hakodat ensi s remai ned heal t hy and
circulated well in the F.A C.S. but, |ike Caul acant hus,
experienced problens with excessive fragnentation. Due
to the loss of fragnents through the outflow, it was
i npossible to deternmine the growh rate for this al ga.
However, new ti ssue was observed on the plants within two
weeks in culture. Lonentaria also experienced problens
in the tanks and troughs, especially with di atom
infestations of clunped thalli. However, with
nodi fications to culture design, Lomentaria may prove to

be anenable to cultivation

Neoagardhiel |l a

Neoagar dhi el l a bail eyi perforned very well in the
F.ACS., with a fair but consistent growmh rate (maxi mum
1.5% day); new growth appeared in the formof tiny spike-
i ke branchless. Plants circulated well and maintai ned
an even, dark red pignentation. Epiphytismwas usually
restricted to older portions of the thalli. Gowth in
the tanks was simlar, with evidence of new tissue,

al t hough necrosis and | oss of pignmentation were observed
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in isolated cases. Gowh in the troughs through the
fall and winter was generally slow (maxi nrum 2. 0% day) but
accelerated in the early spring to a high of 4.2% day by
July, 1979. Epiphytismwas nore of a problemin the
troughs, with diatons and green al gae often proliferating
on the older tissue. |In general, the potential of

Neoagardhiella for culture is very good.

Pseudogl oi ophl oea

Pseudogl oi ophl oea confusa denonstrated a good
potential for growth in the F.A C S., circulating well
and displaying a relatively good growth rate (2.2% day).
However, an eventual deterioration of plant tissue, as
evi denced by necrosis and a general decline in firmmess,
was observed in all culture facilities in the late
summer, but was found to correspond with the natural
condition of P. confusa in the field. As a result,

Poeudogl oi ophl oea has only limted culture potential.

Rhodogl ossum

Suspension of R affine in the F.A C.S. was achi eved
only through additional agitation. Gowh was sl ow
(maxi mum 1. 4% day) but growi ng tips remained robust; the
only maj or problem encountered was fouling of the ol der
ti ssue. Rhodogl osswn cultured in the tanks during the
sunmer di splayed a relatively good growth rate (maxi nmum
2. 4% day) but was susceptible to diatom and bryozoan
fouling. During the late fall, apices tended to
degenerate and deflate, resulting in necrosis and
fragnentation. This loss of vigour during the fall was
al so observed in the trough cul tures of Rhodogl osswn;
growm h at this point was negligible. However,

Rhodogl ossum does appear to have sone culture potenti al



if this apparently seasonal phenonmenon can be controlled

or elim nated.

Several problens were repeatedly encountered during the
experinmental cultivation of the previous algae. Fouling by diatons
and ot her al gae (e.g. Uva, Ectocarpus) was a w despread problem
especially in the spring and early sumrer. Epi phytes frequently
exhibited growmh rates higher than those of the cultured species, so
often conpletely covered the cultivated plants. Sonme al gae were nore
susceptible to epiphytismthan others (particularly those with tiny
branchl ess such as Endocl adi a and Caul acant hus) and sl ow grow ng
al gae often experienced additional problens with invertebrate foulers
such as bryozoans and tube-form ng pol ychaetes.

Many of the al gae tested becane reproductive while in culture
(e.g. Ggartina, Gracilaria, Iridaea); this generally resulted in a
decline in growh rate as well as necrosis of the fertile areas.
Speci es capabl e of vegetative propagation, such as the fragnentation
of Gracilaria, or continued growth during and after the production of
reproductive structures will nore readily |l end thenselves to | arge
scale cultivation where constant production is an asset to econom c
viability.

Several al gae experienced problens with the physical design of
the culture facilities used in this study. Most types could be
mai nt ai ned i n suspension by adjusting the degree of agitation, but
sone (e.g. Ahnfeltia gigartinoides, Gymogongrus |linearis) were not
suited to this type of cultivation due to their. Hi gh specific
gravity and thallus norphology. Smaller algae or those that
fragnented easily (e.g. Caul acanthus, Lomentaria) often escaped
t hrough or bl ocked the outflow, nodifications in outflow design nay
alleviate this problem \While nost species maintained or increased
their pignentation in the F.A . C.S., many becane bl eached in the tanks
and troughs, presumably due to the increased illumnation in the tank

and trough culture systens as conpared to the F. A C S



The follow ng al gae performed particularly well in this study:
G acilaria "chorda" type, Gymogongrus | eptophyllus, and
Neoagardhiella baileyi. Al showed an anenability to air-agitated
cul ture and, through screening, indicated individuals or varieties
with superior qualities. Ohers (e.g. Ggartina, Rhodogl ossun) could
be maintained for long periods of tine at a | ow but consistent rate
of growth, but will only be feasible for culture when particularly

fast grow ng strains are found.



SUMMARY AND DI SCUSSI ON

In this investigation, several areas along the British Col unbi a
coast were sanpled for colloid-bearing red seaweeds and a variety of
potentially val uabl e species were |ocated. Many were wi dely
di stributed, but no popul ations were found in conmercially
har vest abl e abundance. In addition, nmuch of the coastline surveyed
was renote, accessible only by boat. These features enphasize the
need for cultivation of selected types of comercially inportant
al gae.

Coll oid analysis of the collected algae identified several
col |l oids of potential econom c value. Caul acanthus, Celidium and
Gracilaria produced attractive agars, with Caul acant hus and Celi di um
yielding firmgels, characteristic of bacteriol ogical agar, and
Gracilaria yielding softer gels, characteristic of industrial grades.

Iridaea, G gartina, Gymogongrus, Neoagardhiella, and
Rhodogl ossum provi ded carrageenans of comercial interest. Iridaea
produced a good yield of |anbda type carrageenan, which forns
vi scous, non-gelling solutions. Kappa carrageenan fornms brittle gels
and was extracted in comercially attractive anounts from G garti na
and Gymmogongrus. Neoagardhiella yielded nostly iota carrageenan,
whi ch has special value in the preparation of dietary foods, and
Rhodogl ossum yi el ded a hi ghly vi scous kappa/l anbda m xt ure.

Screeni ng and sel ection isolated several types of algae with an
anenability to air-agitated culture. However, only a few have
commerci al potential when the results of the colloid analysis are
taken into consideration.

G acilaria, the subject of several recent investigations (e.g.

Li ndsay and Saunders, 1977; Lindsay and Saunders, 1979), has the nost
optimstic future for cultivation of an agarophyte. Prelimnary
seedstock sel ection has already identified superior strains, such as
the "chorda" type from Cherry Point (Lindsay and Saunders, 1979).

Most inportantly, however, Gacilaria is able to thrive under culture
conditions. Once the causes of variability in the quality and

guantity of agar produced by Gacilaria are fully understood, the
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potential for commercial cultivation of this alga will be markedly
i mproved.

Whi | e Caul acant hus and Gel i di um produce hi gher quality agars and
greater yields, their cultivation potential is much | ower than that
of Gracilaria. Changes in technology will have to occur before
Caul acant hus can be successfully farned as its norphol ogy does not
suit current mass cultivation schenes. Gelidiumhas an extrenely | ow
growh rate relative to that of Gacilaria, so the econonm c
feasibility of its production is quite doubtful unless a fast-grow ng
strain is isolated.

O the carrageenophytes with colloids of commercial interest,
Gymmogongr us | ept ophyl | us and Neoagardhi el |l a bail eyi show the
greatest culture potential. Neoagardhiella is nost anmenable to the
F.ACS.; considering its yields of predom nantly iota carrageenan
and the early culture successes of Anerican researchers (e.g. DeBoer
and Ryther, 1977), it may be a candidate for |arge-scale comerci al
cul tivation. Gymogongrus | eptophyllus has such attractive yields of
kappa carrageenan that its future is al so encouraging.

Due to the high price and market demand for agar and the | ack of
stabl e natural supplies, any agarophyte with a commercially
acceptable colloid and a potential for mass cultivation will have
i mredi ate market value. |In the case of carrageenan producers,
however, conpetition from established sources is a major factor. For
exanpl e, the carrageenans from Gymogongrus and Neoagardhi ella shoul d
have i nmedi at e mar ket acceptance, but those from G gartina, |ridaea,
and Rhodogl ossum woul d have to conpete with established Chondrus
producers (Wiyte and Hosford, 1979), wld stocks of other
attractively priced Ggartinales (1.C Neish, persona
conmuni cation), and cul tured Eucheuma fromthe Phili ppines.

In summary, three seaweeds with high potential for comrercial
cultivation were identified in this study: Gacilaria "chorda" type,
Gymogongrus | ept ophyl I us, and Neoagardhiella baileyi (Table 4).
However, the prelimnary nature of this investigation is enphasized.

Further sceening may isolate superior strains of those al gae which
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denmonstrated an overall low culture potential but which contain an
attractive colloid (e.g. CGelidiunm) and further selection may |ocate
ot her val uabl e speci es which were not dealt with in this study(e.qg.
Dil sea and Gratel oupia, two | ocal genera that Hoppe (1969) reports
contai n pol ysacchari des).

The dermand for agar and carrageenan shows no sign of abatenent.
Al t hough phycocol | oi ds conpete with other natural and synthetic guns,
they still offer uniqueness and diversity, so are not likely to be
repl aced (Naylor, 1976). Wth increasing demand and w deni ng uses,
supply is now a problem traditional wild sources of raw material are
overexpl oited and new ones are often inaccessible or uneconom cal to
harvest. In addition, wild stocks are usually variable in quality
and often unreliable in yield. Consequently, interest in nmass
cultivation has recently intensified, encouraged by the prosperity of
seaweed farmng in other areas of the world. The success of the
Eucheuma cottonii farm ng for kappa-carrageenan (Doty, 1979)
denmonstrates the stabilizing effect that cultivation can have on
col |l oid markets.

The devel opnent of seaweed farming technologies in British
Col unmbi a began only recently. The future is prom sing, but before
| arge-scal e conmerci alization can be attenpted, several areas require
further investigation. Selecting superior strains of algae with
comrercially valuable colloids is of prinme inportance, but our basic

bi ol ogi cal know edge of these seaweeds nmust al so be expanded.
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Tabl e 4. Sunmary of colloid analysis and culture potential of the
al gae col |l ect ed.
Anenability to
Commer ci al air-agitated
Col | oi d Val ue culture
Al ga Type of Colloid (F.A.CS.)
Ahnfeltia gigartinoi des carrageenan good fair
Ahnfeltia plicata carrageenan good fair
Caul acant hus ustul at us agar very good fair
Cer am um sp. ? poor not tested
Endocl adi a nmuri cat a agaroid good not tested
Gel i di um sp. agar good poor
G gartina agardhii carrageenan very good poor
G gartina stellata carrageenan very good poor
G acilaria "brown" type agar good good
Gracilaria "chorda" type agar good very good
Gracilaria "verrucosa" agar good good
type
Gymogongr us | ept ophyl | us carrageenan very good good
Gymmogongrus linearis carrageenan good poor
Gymogongrus pl atyphyl | us carrageenan good fair
I ri daea cordata carrageenan very good not tested

I ri daea cornucopi ae
Laurenci a spectabilis
Lonent ari a hakodat ensi s
Neoagar dhi el | a bai | eyi
Pseudogl oi ophl oea confusa

Rhodogl ossum af fi ne

not tested
agaroid
?
carrageenan
?

carrageenan

not tested
poor
poor

very good
poor

very good

not tested
poor
good

very good
good
good
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As Nayl or (1976) states, "...a full know edge of the plant's biol ogy
is a fundanental prerequisite to successful seaweed cultivation”
The chemi cal nature of nobst phycocol |l oi ds and the sources of
variation in colloid content are not fully understood either. Yield
and quality are known to vary with many factors including species,
site, season, and processing, but casual relationships nmust be
conprehended before control or manipul ati on of phycocol | oi ds can be
achieved. There is also a gap in information on the genetics and
reproduction of colloid-bearing seaweeds; such information is
necessary in order to forman enpirical basis for the selection,
mai nt enance, and mani pul ati on of seedstocks.

Al t hough cultivation technol ogy has progressed rapidly in recent
years, mass culture has its own technical and biol ogical problens
which remain to be solved. Technically, a large-scale culture
facility nust be flexible in order to acconmodate nmarket fluctuations
as well as manipulative in order to optimze growh and coll oid
production. More specifically, the relationship of nutrition, plant
density, and growth to colloid production needs further
clarification. Biologically, the major problemencountered in nmass
nmonocul ture is fouling by unwanted organi snms and this is an area
demandi ng i mredi ate attention. In addition, the economc feasibility
of mass cultivation has to be evaluated. Cheap and efficient |arge-
scal e culture systens have to be designed and tested and potenti al
sites for a culture operation need to be identified.

Finally, there are adm nistrative problens confronting conmercia
seaweed cultivation As Doty (1977) comments, "...the physical
envi ronnent and the biol ogical characteristics of al gae may not be
the severe barriers to econom c seaweed production that the
bureaucratic and socio-political ones are..... Seaweed research shoul d
be uncoupl ed fromyear-to-year project funding, fromtraditiona
t hinking, and fromits all too frequent submersion in other

prograns. "
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Nevert hel ess, the future of mass seaweed cultivation in British
Colunbia is optimstic and, considering recent advances, the

potential of a phycocolloid industry should soon be reali zed.
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APPENDI X 11|

Col l ection data, culture history, colloid
type, and col |l oidal properties of 145 sanples
of 20 types of al gae anal yzed during 1978.
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Coll ection data, culture history, and
fate of 28 trials of 17 types of al gae
inthe F.A C.S. during 1978.
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APPENDI X |V

Collection data, culture history, and fate
of 78 trials of 15 types of algae in the
tank culture system during 1978-79.
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APPENDI X V

Coll ection data and culture history of 146
trials of 17 types of algae in the trough
cul ture systemduring 1978-79.
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8L/0T/2-8L/6/ST

syues

syue)
syue3]
syue3l
syues
syue?
syue?l
syuel
syueq
syue?
syue3l

8L/6/0C '8#

8L/L/CTZ'8#
8L/8/8T'cc#H
8L/8/8T 'cc#
8L/8/8T'cc#
8L/8/8T 'cc#
8L/8/8T 'cc#
8L/8/81 'ccH
8L/8/8T 'cc#
8L/8/8T' '€Ec#
8L/8/8T 'ccH



