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PREFACE
The United States and Japanese counterpart panels on aquaculture were formed in 1969 under the United
States-Japan Cooperative Program in Natural Resources (UJNR). The panels currently include speCIalists
drawn from the federal departments most concerned with aquaculture. Charged with exploring and developing bilateral cooperation, the panels have focused their efforts on exchanging information related to
aquaculture which could be of benefit to both countries.
The UJNR was started by a proposal made during the Third Cabinet-Level Meeting of the Joint United
States-Japan Committee on Trade and Economic Affairs in January 1964. In addition to aquaculture, current subjects in the program are desalination of seawater, toxic microorganisms, air pollution, energy, forage
crops, national park management, mycoplasmosis, wind and seismic effects, protein resources, forestry, and
several joint panels and committees in marine resources research, development, and utilization.
Accomplishments include: Increased communications and cooperation among technical specialists;
exchanges of information, data, and research findings; annual meetings of the panels, a policy coordInative
body; administration staff meetings; exchanges of equipment, materials, and samples; several major
technical conferences; and beneficial effects on international relations.

William N. Shaw - United States
Masaru Fujlya - Japan
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Table l.--Species of food algae used to rear the larvae and juveniles of aquatic
animal s . Arrows indicate the direct utilization as food items to rearing species.

Species of algae
Chrysophyceae
Monas sp .

Method of utilization

Species reared

Crassostrea gigas
Anadara brought nii
Pte ria penguin
Spisula sachalinensis
Pinctada fucata
Haliotis gigantea
HaZiot'is d1~SCUS

Monochrysis lutheri

Anadara broughtnii
Atrina pectinata
Patinopecten yes soensis
Pinctada fucata
Pecten albicans
Chlamys nobilis
Fulvia nrutica
Spisula sachalinensis
Schizothaerus keenae

Bacillari ophyce ae
Chaetoceros calcitrans

Anadara broughtnii
Patinopecten yessoensis
Pe cten albicans
Chlamy s nobiZis
Fulvia nrutica
Mer etrix lamarckii

Chaetoceros simplex

Spisula sachalinensis
Anadara broughtnii
Schi zothaerus keenae
Halioti s gigantea
HaU otis di scus
Pseudocentrotus depreqsus
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Table 1.--Continued.
Species of algae

Method of utilization

Chlorella sp.

Species reared

-----Brachionus

(marine)

plicatilis

-----l~~

or

PagY'Us 17UJor
Opegnathu8 fas iotus

- - Tigriopus japonicus----..

Acanthopagrus schlegelii
Kareius bicoloratu8
Limanda yrJkohaJrae
Sebastev inermis
Fugu rubripeo
Lateo labrax j aponi us
Parali hthys olivacus
Nep tunus trituherculatus

- - - Green water - - Chlorella sp.

-

Daphnia pu lex

----l~~

Marine fishes and shellfishes
Freshwater fishes

(freshwater)

Table 2.-Composition of culture solution for Monochrysis luther;'
I,(XXl mJ
100mg
14mg
12.6mg
IB.I mg
500mg
0.21'g
100l'g
II'

Seawater
NaNO,
Na,HPO'12H ,O
NaHCO,
EDTA·2Na
Clewat · 32·
VitaminB"
Vitanun B,
Biotin

· Chemical composition: Fe, 3.B g; Mn, 7.7 g; Zn, 1.6 g; Cu, 0.07
g; Mo, 6.3 g; B, 24.7 g; Co, 0. 17 g; EDTA, a bit.

sheets of the collectors are hung in a tank tilled with eawater
and placed under suitable light; ub equently various species of
attached diatoms grow on the surface of the plate. The e collectors are transferred and hung vertically in the abalone rearing
tanks just before the planktonic stages of the larvae transform
into the creeping stage (Shibui 1971)
In the culture of red sea urchin, P. eudocenlrotus depressus,
phytoplankton species such as C simplex and S. costatum are
utilized for food of the larvae. The~e algae are cultured by
methods similar to those described for the culture of Pinctada
larvae (Hirano 1963).

INGREDIENTS OF
ARTIFICIAL COMBINED FOODS
Table 3.-Composition of culture solution for Nitzschia c/osrerium.
Filtered seawater
NaNO, (5 g/ lOOmJ)
NaHCO, (16.8 gil)
Na, SiO, (2 gi l)
Na, HPO • . 12 H ,O (5 gil)
PI. solution
Sterilized at 80 °C for 30 min

I,OOOmJ
2mJ
IOml
2ml
2m1

ImI

PI. solution
Na,EDTA
FeCI , ·6H,D
ZnC!,
MnC!, ·4H,O
CoCl, ·6H,O
CUSO. ·5H,O
H, BO,
Distilled water

3.0g
O.24g
0.03 g
0.27 g
0.8mg
DAmg

3.44g
l,OOOm!

Attempts have been made to utilize Chlorella pyrenoldosa
cultured in freshwater as an ingredient to increa e the comersion efficiency of artificial combined food for the creeping
larvae of abalone.
Recently, the production of Spirulina sp. has reached
commercial scale. The mass culture of S. platensis and S. maxima
has been underway since 1974 by an industrial chemical company,
through a technical agreement with Institut Fran~ais de Petrole
(Nakayama 1975). The company built a culture facility with 5,cxx:J
m' area at Miyakojima in the Ryukyu Islands. They expect to
produce 33 t (dry weight) of Spirulina annually. Because of high
production costs, Spirulina has, in the past, been utilized only for
deepening the red body color of goldfish and fancy colored carp
by taking advantage of its high carotenoid content (Honma et aI.
1974). In recent years, however, Spirulina has been utilized as an
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Maintenance of conchocelb cuiturl"l and collection uj
conchospores.-As the u e of artificial con~ho pore 011 tlon
has increased, it has become neee ar) to artilicrtlly maintain or
culture the conchocelis tage. Al first, the lage"a ultured 10
prefectural fisherie experimental staliom and l or other fl lillie
for the nori culturists. Today mo t cult uri t rai c theIr o\\n upplies of concho..:elis tages; therefore, the actual number of onchocelis cultures has greatly increa ed, bring10g about a problem
of insufficient supply of oyster hell ~uitable for u e
a
substrate. This has re ulted 10 the development of artifiLlai
substrates.
Recently, the free-living method of growing on..:hoceli tage
has been used by government research laboratone~ and pri\ ate
companies. This method facilitates genetic studie~ and breed 109
in the field, because a large number of conchocelis stage can be
produced from a single mother thallus. The dra\l, back to this
method is contamination by diatoms and other seaweed pores.
Direct conchospore coUection has not yet been artificially
achieved.
Seeding methods commonly used are "zubo" and "hanzubo." In the han-zubo system, tanks (I m x 20 m x 0.5 m
deep) made of heavy gage flexible vinyl are floated on the urface of the sea so that the sides are about 10 em above the water
surface. Each tank contains about 50 "net hibi" and about 500
oyster shells implanted with conchocelis stages. The zubo system
is similar, but is completely enclosed (Fig. 2).
Recently, a conchocelis net, the "zubo net" which has been
improved from the earlier zubo apparatus and made of smallmeshed double nets, is used for artificial seeding. At seeding, a
conchocelis net with about 300 sheUs, which have been previously arranged within it, is set on a framelike simple raft; usually
about 50 nori nets to be seeded are spread and staked on the
raft. Finally, the raft is covered with a vinyl bag, but inside calm
bays the raft is often floated without a cover. The raft is then left
about 3 d to achieve good implantation on the nori nets.
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I) The" 01C! hi ." (or ft ed melh ) I U
In h 10 and
aim \l,oler • e g , \l,11h1O a ba) \ here pol are em~ded
in the bOllom.
2) fh "betan g hi" ( no lin
) 1 U
and 10 the open ea here \ nou buo) nI object pro\,
notation and an ho m nl In the po IlIOn nd hape 0
the ) tem.
There i a third mt"thod \\ hI h I 1Olennrotalt" between tht"
abovt" t\l,O mel hod . It IS called "han rudo hI I" ( half f} tin
method) and i u ed "here there i alar e IIdal tluctu uon. Thi
method IS u cd 10 avoid exce I\e ur),ng dunng 10\1, tiut" penod •
but keeps the Porph)'ra at tht" \\att"r urfaee for rna lmum light.
The mo t important diflcrenLe bCI\\een kott"l hikl and
betanaga hi, a far as Porphl'ra spp. arc concerned, i the prO\1sion for drying durmg cultivation. Thalli gro\\ n under nondr)ing conditions art" more u ceptible to di ea e. and Ihe nori produced without a df);ng penod are nOI as high in quality a the
non grown with a dr);ng pt"riod. Ho" t"\ er, to date it has no
been scientifically substantiated that dr)ing is the dlrt"Ct cau eo
the increase in qualJt>.
In the past it was not possible to allo\\ a controlled dr)ing
period using the floating raft melhod. The juveniles \l,ere
cultured with the fixed method mshore and then tran planted 10
a floating raft offshore 15-30 d before harve t. Recently M. Inayoshi, a nori culturist, improved the betanagashi method b)
adding a structure which facilitates raising the nets out of tht"

8

Figure 4.-Frozen non nels stored in - 20"(; freeur. on nets are packed in a vinyl bag afler semJdrying and then
lhe bags are sealed, since Porphyra should be protected from fresh aJr to mJnimize their respinllion.

Figure S.-Non harvesting with a rotary blade, suction-type harvester.

against diatom propagation, such as Ge02, were discovered
(Kirita 1970; Kida and Enomoto 1975). The entire free-living
technique is still experimental and requires improvement before
transfer to mass culture.

grow healthy young thalli of Porphyra. Moreover, the sheets
made from the thalli which have undergone the drying process
are of better quality than the ones grown without it. However,
the drying results in a lower growth rate of the thalli. Considering these facts, the improved floating raft should be
employed extensively throughout Japan, and physiological
studies on the effect of drying the thalli should be continued.

Improvement of the Maintenance Technique from
Juvenile to Adult Thalli
It is well known by the cultivator that drying the growing Porphyra is an effective way to remove contaminating seaweed such
as Enteromorpha spp., Ulva spp., and diatoms, and also to

Development of Effective Species and Strains
The quality of the two most popular species and their new

to

tial dangers, the priority of water quality must be recognized by
all concerned.

CONCLUSIONS
Although nori cultivation is almost standardized in Japan,
there still remain a few constraints. Nori is marketed a\ raw
sheet nori or processed nori . At present, the demand for raw
sheet nori (which is premium nori) is greater than the supply . On
the other hand , the supply of proce sed nori is greater than the
demand.
In view of the present situation, the future success of the nori
culture industry can be best achieved by encouraging increaed
consumption . This can be done by maintaining the highest
quality in the product and lowenng production co ts . ew
technological Improvements could influence and in ure high
quality. Production costs can be lowered by changing or improving existing practices through cooperative efforts similar to
those used in agriculture : I) cooperative cottage industr), 2)
modified cooperative unions, and 3) full -scale cooperative un ion
management. An economic evaluation of the Industry would
also be desirable.

States-Japan Cooperative Program in alural Re!.ource5), and
Robert D. Wildman and John H. (,lude, OAA, lor their kind·
ness; Tim Ahern, University of Wa hington, for hi kind help
and asmtancc with f!nglish: and Shigekat u Sato and Hi hi
Kanno, Tohoku Regional h herie Research I.aboratory, for
their support.
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ern Japanese coast of Hon~hu. The annual harvest from natural
beds is estimated at several thousand metric tons (wet weight). Its
life cycle, ecological characteristics, and cultivation techniques
were studied by Migita and Yotsui (1972), Yotsui and Migita
(1974), and Yotsui (1975a, b, 1976) (Fig. 5).
Cladosiphon okamurans is found chiefly on the skeletons of
dead Madreporaria and seaweeds, sometimes on pebbles, cans,
sheIls of dead shellfish, and other hard substrates. Its natural
distribution is limited to the Ryukyu Islands. The annual harvest
from natural beds is estimated at a few thousand metric tons (wet
weight). Its life cycle, ecological characteristics, and cultivation
techniques were studied by Shinmura and Yamanaka (l974a,
b) and Shinmura (1974, 1975, 1976) (Fig. 6).
The cultivation of these two species involves similar methods,
except for the water temperature necessary for spore release,
germination, and growth. A characteristic difference between th
two groups of cultured algae is that cultivation procedures includ
the entire life cycle for Porphyra, Undaria, and Laminaria, an
only part of the cycle for Nemacystus and Cladosiphon. In
autumn, the gross sporophytes bearing plurilocular sporangia collected from the field (and also small sporophytes that have been
cultured in containers since spring) are placed in tanks under illumination of 2,000 lux with gentle aeration. After a large numbe~
of spores have been released into the seawater, culture nets made
of synthetic fibers are put inside the tank to collect the zoospores
After the collection of zoospores, the nets are left in the same tank]
for 1-2 d and then transferred to sea, where they are spread in
water of about 0.3 m deep for Nemacystus and of about 1 m deen
for Cladosiphon. The culture nets are supported in the desired
water layers by buoys and held by anchors, as shown in Figure 7
A few months after the collection of zoospores, Nemacystus grow
to 10-30 cm long and Cladosiphon to 20-40 cm long unde~
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figure 3.- AnnuaJ variation in production in Laminaria cultivation.

Under these circumstances, managers of Undaria and
Laminaria culture operations are expected to increase production
per cultivating unit and improve the quality of products. To attain
these goals, it is necessary 1) to improve techniques to prevent
infections and competition from harmful organisms, 2) to have
efficient field fertilization, 3) to breed excellent strains, and 4) to
culture healthy seedlings.

Nemacystus and Cladosiphon
Nemacystus dicipiens grows on sargassaceous algae, especially
on branches of Sargassum patens, and is distributed on the
southern Japanese coast, the west coast of Kyushu, and the north-
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Figure 4.-Laminaria cultivation process flow diagram.
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small mesh net, washed with seawater, and suspended in clear
seawater. The embryo suspension is then sprinkled onto the seedling twine which is wound evenly on a square plastic frame placed
in a shallow tank. The material used for seedling twine is mostly
synthetic fiberspun yarn, about 2-3 mm in diameter. Two or three
days later, the frames are removed and hung vertically in a deeper
tank . When the buds grow to 5-10 mm long, the frames are tak~
from the tank and suspended in the sea from a raft. Here th
frames remain until the buds develop into healthy young th .
about 10 cm long (Tomiyama 1974; Yoshida and Nishikawa 1975;
Yamaguchi et al. 1977; Toma et al. 1977).
These propagation procedures are often unsuccessful owing to
predators. As shown in Table 2, various predators on macro algae
are found in Japan. It is not desirable to kill all species 0
predators prior to the establishment of seaweed beds; since some
useful species are present and interactions are complex, it i
necessary to keep the biological balance between aquatic fauna
and flora in the area. To achieve this, three methods have been
tried: 1) To capture or kill unused herbivores, 2) to supply useful
herbivores with additional food by cultivating a large amount oti
algae at or near the sea surface and then to harvest these herbivores after they reach a suitable size (Kikuchi et al. 1975), and 3)
to use nets to cover the newly established substrates to which
seedlings are attached, until the seaweeds have grown to a certain
size, as shown in Figure 8 (yamaguchi et al., 1977).
For the further development of brown algae propagation in the
sublittoral zone, it is necessary to: 1) further clarify the

bryos. Sometimes they are shaken in the seawater to induce the
release of embryos. The collected embryos are ftItered with a

Table 1.-Spedes of brown algae used for afforestation.
Methods of recruitment
of seedlings
Transplanting
cultured
seedlings

Setting
mother
fronds

Species name
Larninariaceae
Laminaria japonica
Eisenia bicyclis
Eisenia arborea
Ecklonia cava
Undaria pinnalijida
Cystoseiraceae
Cyslophyllum sisymbrioides
Sargassaceae
Sargassum piluriferum
Sargassum patens
Sargassum pinnatijidum
Sargassum horneri
Sargassum serratifolium
Sargassum lorlile
Sargassum fulvellum
Sargassum ringgoldianum
Sargassum Ihunbergii
Sargassum assimile
Sargassum si/iquosum
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Figure 8.-Net for protecting young buds, for example, from bannful grazers (Yamaguchi et aI. 1977). A. Square net (mesh size 2
em). B. Frame rope for fence net (2.4 em diarn .). C. Anchor rope (1.8 em diarn.) . D. Concrete anchor. E. Fence net (mesh size
1.2-1.5 em). F. Underwater zipper. G. Lead chain sinker.
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Figure 2.-Phytoplankton tanks at a commercial shellfIsh hatchery on Long Island, N.Y.

Phytoplankton production plays a key role in the success or
failure of a shellfish hatchery. It is one of the most expensive
items associated with a hatchery and takes a large amount of

space. Recognizing these factors, studies are underway in several
laboratories to replace phytoplankton with artificial diets.
Studies are also underway to utilize phytoplankton, not only
for the hatchery aspects of bivalve culture, but also for growing
mollusks to marketable size. The University of Delaware is
growing large volumes of algae, principally Thalassiosira
pseudonana, as part of their attempt to develop a controlled environment for shellfish mariculture. Initially, the algae were
grown indoors, utilizing artificial lighting (Fig. 4). The high
costs for artificial lights needed to produce large volumes of
algae caused the researchers to switch to an outdoor greenhouse
system (Fig. 5). In recent studies (pruder et al. 1978), cell counts
in 9,000 liter containers have been increased from less than 2 X
lO'/ ml to over 10 X lO'/ ml [a 5-fold increase) by bubbling N,
and CO, gas mixture. The addition of gases controls the pH and
dissolved oxygen levels which in turn favor algal growth. The
main difficulty is finding suitable algal species that can withstand high temperatures and also promote shellfish growth. In
earlier experiments with two species of algae, T. pseudonana
and I. galbana, oysters have been grown to market size in 9 mo.
Unfortunately, the latter algae cannot be grown under
greenhouse temperatures. Recently, another species of
Isochrysis from Tahiti has been grown successfully in the controlled environment and appears to be an excellent food for
bivalve mollusks.
In St. Croix, Virgin Islands, a unique culture method is being
tested, using nutrient-enriched water pumped from 800 m
depths to grow phytoplankton. Deep water is pumped into two
50,000 liter pools (Fig. 6) that have been inoculated with
Chaetoceros curvisetus (Fig. 7). The water is then pumped continuously to raceways containing the clam Tapes japonica. This
system has produced excellent growth and a high quality product. The economics of the system, plus final testing of raceway
design, are now being examined.

• I~un'

Ph\ lupl:Jn"'lon h~tn2 poured Inln ",helltl... h Ian ae ~ro"'-out
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In Woods Hole, Mass., studies are underway using the effluent from secondary sewage treatment, which is mixed with
seawater to grow a single-celled marine alga in 120,000 liter
ponds (Fig. 8). The seawater containing the bloom of
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nece ry amount of phytoplankton: FeruhLJng the Ian.al tan .
to obtain the necessary bloom, or grov.,n the phytoplan ton
eparate1y and addll1g It to the culture tan • The prinCIpal
pecle cultured i kelelonema P. although other pa1 • u h
as TelraselmlS p and Thaloss/Os/ra p., ha\e al 0 b n u cd u~ce fully (Yang I
). Recently, a pmate firm has been ulturing and freeze-drymg Skelelonema. Thi product ha been u ed
ucce~ fully in ultunng hrimp Ian ae III e as. :-'Io<:k (1974)
has ue e full} concentrated kelelonema b centrifuging,
refngerating or freezing, and then uSing It at a later dale to feed
shrimp larvae.
Con Iderable intere t h
de\elope
in the u e of
ph}toplankton in culturing e\eral peci of Hacrobrachlum
larvae, particularly \1. ro enbergi/o FUJlmura (1966 tre ed the
value of groy, ing AfacrobrachlUm Ian. ae in "green water." He
claimed that algal supplement increased Ian aI un;, aI and
shortened the lime to stockabk po tlan.ae. tudic<; b) ~1addo\
and :V1anzi () 976) concluded that algal upplements incre;c,ed
larval survi>a1 and the production of po llan ae \, hile decreasing
the length of time required lor metarnorpho i . In the above experiments, the 1an.·a1 tanks were inoculated with algae to produce cell counts ranging from 400,
to 1,3
Iml.
However, a commercial company in Puerto Rico successfully
rears Macrobrachium lanae \\ithout algal supplement.
Therefore, the question of the need for algae for rearing
freshwater prav.ll lan·ae still remains unre olved.
Algae pia} another interesting role in the culturing of
Macrobrachium in ponds. The Puerto Rican company mentioned above has run into serious problems with aquatic weeds. In
an attempt to control the growth of weeds, fertilizers have been
added to the ponds to create an algal bloom. The bloom in turn
acts as a shadow which cuts the sun's rays; thus, the aquatic
weeds cannot grow. The greatest problem encountered with this
method is maintaining a stable bloom.

CRUSTACEAN CULTURE
Phytoplankton plays an important role in the nutrition of
shrimp larvae. There are two methods used to obtain the

FINFISH CULTURE
Experiments have been carried out in Alaska to test the
feasibility of using artifiCIal upwelling to enhance primary

Figure 7.-Cylinde\1i of phytoplankton used to inoculate pools, SI. Croix,
Virgin Islands.
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the 8,ant pm"n. \fa rohro(nlum m n"agll
«(luncll. r"c1flh ScMlon. Honolulu. lIawall. 11'1

(Roberts et al. 1976), thread herring, Opisthonema oK/mum
(Richards and Palko 1969), scaled sardine, HarenRu/a pensaco/ae (Houde and Palko 1970), and Florida pompano,
Trachiontus carolinus (Hoff et al. 1978), thi procedure is used.
Roberts et al. (1976) also found that Dunallella or Nannoch/ons
algae maintained water quality when culturing C. me/ana.
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SUMMARY
I have briefly outlined examples of the key roles that
phytoplankton plays in aquaculture. It is, in some ca es, one of
the major costs in an aquaculture facility. For example, in a
shellfish hatchery in Maryland, over 200 liters of algae are used
daily to culture oyster larvae. The manager stated that thl
represented 40010 of his total productIOn co ts (Kranll') . To
reduce these costs, programs like the one in Delaware are u ing
sunlight and gases to increase cell counts. In other cases, hJ..e the
one now being carried out at the Virginia Institute of 1arine
Science, artificial diets are being developed to replace the algae.
Yet, it is obvious that phytoplankton will continue to be important in many aquaculture programs A substitute is till III the
distant future.
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and onomi .. ~ ording to Huguenin (1976). !.he major problems and uncertrunties regardmg mten ne seaweed cultivation
are tho e of ale, hydraulic. re idence time. nutrient upplies,
monltormg and control of the facilit). control of epiphyte.
sea e· ph iol08Y, and species election. Basically an interdependent . no~ledge of seaweed biologj, engineering.
economIc. and operating poliCIes \l.iU be required for any ucful seaweed culturing ystem.
Hanesung Irom 10 ely managed natural stocks IS becoming
in rea mglj e pen Ive (e.g., with Chondrus crispus), and it may
not provide uffident material for the projected needs of commer lal marine plant indu tries. Hence. mariculture techniques
are being developed in Canada Neish (1976a. b. 1979) gave a
comprehcn ive review of the CanadIan seaweed mariculture indu tne , which re in an early tage of development. Seven
trate 'e are being examined in order to enhance control over
raw rna enaJ: I) ~1anagement of natural stocks, 2) addition of
ub trata and habitat improvement, 3) live storage of han'ested
plant, 4) vegetative ropagation of wild tocks. 5) vegetative
propagation 01 elected clones. 6) grow-out of hatchery seed, 7)
gro .... -out 0 hatchery eed from selected seed.
T e Implest form of plant mariculture In Canada consists of
provldmg ultable gro .... ing conditions (i .e , substrata) for commerciallj de irable pecles . Habitats may also be "improved"
by the remo\al 01 undesirable specie and by fertilization of
natural bed To date, neither of these strategIes is used extenively 10 Canadian mariculture programs. Live storage of
ha e ted plants has been practiced for a number of years in the
dul c, Pa/mana pa/mara; rock weed , Ascophyl/um and Fucus;
and In h mos indust ries . This may vary from simply holdIng
hane ted plant In bags in the sea for a few day until suitable
dry1n .... eather occurs to a complex form of holding hving
m tena) in large tan ks with agitation by compre sed rur. In such
tank, dul e can be kept alive and growing for 4-6 mo . The
\ etau\e propagation of su~pended culture of eaweeds was
fir t mill ted in anada with C. crispu.s ( eish and Fo\ 1971;
CI h an
ha klock 1971; Shacklock, Robson. For yth and
I h I 73, ha klo k, Rob on. and impson 1973) at the Sand\
field tat ion of the atlOnal Research Council of
\eral om panic (~1arinc Colloid, Inc . and Genu
Produ t
nada, Ltd.) tla\ e re ently initiated .:ultivation pro,m of In h m
ba cd on this technology. as well as the
I II n f f t-gro .... IO' traim of C crispus. to increase yields
\era! e. \\eed C:U1not be propagated
nd r \\Ih r t
et u\el , r \\-out technique mu t be initiated. particularly
Ith nnu I pee!
r r<=CIC with an annual frond and a perennih Idf
of no mten I\e manne plant mari~ulture
nbed (. I h 1976a, 19 9), induding the

kno\\ ledge of algal phy iology, and correlation and utilization
of exi ting knowledge .
Den ity and tank agitation are interacting parameters
as ociated \\ith propagation of detached seaweeds and have profound effects on yield, crop cleariliness, production cost, and
other economically critical variables (Neish and Knutson 1979).
According to the same investigators, the maximum sustained
,ields per unit of pond area occur at densities of 1.0-2.5 kg of
live algae m'. At lower den ities. fast growth rates were observed
but area yields diminished and epiphytization became a p~oblem .
Agitation by mechanical . pneumatic, or hydraulic means
reduced epiphytization by mixing the crop and by physically
disrupting epiphytes. Agitation was also important from the
stardpoint of mixing nutrients, exposing all fronds to light, and
contributing to the general homogeneity o f culture conditions.
An optimization of pond agitation, which requires energy, and
density-yield relationships will obviously determine the capital
intensity of a culture system.
A general review of the principles and perspectives of seaweed
cultivation in enclosed systems has also been summarized (Neish
1979). The main features of closed systems are discussed in relation to several research and development projects in the United
States, Canada, and elsewhere; i.e., instances where seaweeds
are being employed in polyculture systems, as well as for food
and fodder, as feedstock for chemical industries, as effectors of
tertiary effluent treatment, as recovery vectors for valuable
compounds, and for removal of deleterious compounds ¥e
enumerated. Overall, Neish characterized closed-system
seaweed cultivatIon as a hIgh-investment , high-technology
business requiring a firm foundation of scientifically verified
facts. An opportunity brief descri bing many of the technical,
economic, and biological factors associated with closed-cycle
aquaculture was recently summarized (Anonymous 1977d).
The seaweed cultivation program at the University of California, Santa Barbara, was recently summarized by Neushul et al .
(1976), Neushul et al. (1977), and C harters and Neushul (1979) .
They emphasized that many of the pro blems of creating a
suitable environment for the growth and reproduction of large
seaweeds were yet to be solved. Successful experimental cultivation depends on having large volu mes of seawater, the
temperature and chemistry of which must be held within
prescribed limits. Contaminants and epi phytes must also be controlled (Polne et al. 1980). The requirement of water motion is
particularl, Important for many seaweeds (Charters et al . 1972,
1973). The anta Barbara cultivation system consists of an outdoor greenhouse wllh aquaria, which is combined with an indoor
cultivatIOn room. having controlled light intensity and
photoperiod . The greenhouse was de~igned to permit the su tained growth 01 large kelps. several of whic h have been grown for
0\ cr a )-car in a contInuously healthy state. Other plants have been
grow n from gl'rmlings. transplanted to the ocean, and periodically returned to the greenhouse for measurement and stud y.
Sc\cral othcr dcscTlptions of experimen tal culture fa cilitie
.... ere given at the international symposium "The C ultivatio n o f
1anne Organi m and It Importance to MarIne Biology"
Kinne .lOd Bulnhelm 1970) f'or example, South (1970) described
,U)
e peTimenl.li culture lacllIty lor the grO\q h o f kelps,
hI h on i ted of a t nk y tern supplied .... Ith fi ltered , freen w1ng cawater and artdi~ialillumination. He was a ble to o btam P:)[O ph)1c of ,.l/urta (,H ulentu 30 em long in 6 mo. startIng
por. I he paper b) Kornmann (1970). Jo nes and
from z
[) nt (I ~ ), ImonctlJ ct I. (1<) 0), Hnd Smith and .l o nes (1970)
fr m th
me rnpo 111m h uld ul 0 be onsu!ted as they give

Chondrus crispus (Irish Moss)

uneconomical, i.e., their cultivation requires too much labor.
An epochal improvement in techniques will be required to make
their cultivation practical. The net cultivation studies of Iridaea
cordata by Mumford (1977a, b) should be noted, as he is attempting to obtain the data necessary for an economic analysis.
A variety of factors are important in determining the enhanced
utilization and development of marine plant resources (Scagel
1961): I) Accurate estimates of quantities of economically important species; 2) determinations of the distribution of
underutilized species; 3) investigations of appropriate methods
for harvesting; 4) growth studies of commercially important
seaweeds; 5) observations of seasonal variations in stocks and
the recovery of beds after harvesting by different methods; 6)
evaluations of chemical composition of seaweeds at different
seasons, habitats, depths, ages, and environmental conditions;
7) correlating management measures with life history details;
and 8) introducing an educational program to acquaint the
public with these resources and their wide range of uses.
The status and potentials of marine agronomy have been
reviewed by Doty (1 979a, b, c, In press a, b); much of this information is relevant to the present account on seaweed
mariculture. He emphasized that marine agronomy programs
should be seriously considered by any nation bordering the sea
in view of man's needs and the fact that the territorial waters are
as productive or more so than the adjacent land . Accordingly, a
resource utilization plan must be initiated in order that the longrange gains will offset the losses. He recommended a broad
range of understanding of seaweeds, including an identification
of habitats available for their growth and information on their
natural products. Such a broad base of information will provide
a vehicle for resource optimization based upon scientific algal
agronomics.
The need for a national mariculture research and development program in the United States has been outlined by Hanson
(1974a, b), including four major areas of research and development: 1) Environmental conservation and predictive modeling;
2) biological research on the selection of organisms, hatchery requirements, primary productivity, nutrition, husbandry and
disease, competition, and predation; 3) technological research
and development dealing with containment and attraction, concentration and harvesting, feeding technology, and artifical
upwelling; and 4) socioeconomic research dealing with legal and
political questions. Suggestions concerning the appropriate roles
of government, industry, and the academic community with
respect to this proposed national program (United States) were
also discussed (Hanson 1974a, b; Anonymous 1978a).

Both the biology and ecology of Irish moss must be
understood if it is to be maintained as a natural resource (Taylor
1972a). Such information is equally fundamental fo r the successful mariculture of C. crispus. A synthesis of information
regarding Irish moss was recently summarized in a symposium
dealing with C. crispus (Harvey and McLachlan 1973). Subsequently a variety of investigators in the United States and
Canada have further expanded our knowledge of the growth
(Taylor 1972a, b; Prince and Kingsbury 1973a, b, c; Taylor et al.
1974, 1975; Mathieson and Burns 1975; Hanic 1977; Chen and
Taylor 1980a, b), reproduction (prince and Kingsbury 1973a, b;
Cheney and Mathieson 1978b; Craigie and Pringle 1978;
Mathieson In press; Tveter-Gallagher et al. 1980), harvesting effects (Patell 1972; Taylor 1972a, b; Scaratt 1973; Taylor et al.
1974, 1975; Mathieson and Burns 1975; Pringle and Semple 1976,
1978; Cheney and Mathieson 1978b; Pringle 1979; Pringle et al.
1979; Pringle and Jones 1980), ecology (Bums and Mathieson
1972a; Kent and Buggeln 1972; Prince and Kingsbury 1973a, b, c;
Mathieson and Bums 1975; Taylor 1975b, c; Craigie and Pringle
1978; Lubchenco and Menge 1978; Pringle and Jones 1980), life
history-sporeling development (Burns and Mathieson 1972a;
Chen and McLachlan 1972; Ring and Vadas 1972; Tveter and
Mathieson 1974, 1976a, b; Chen and Taylor 1976; TveterGallagher and Mathieson 1980), outplanting techniques (Hanic
and Pringle 1978a, b), resource management (McDougall 1972,
1974; Pringle 1976, 1979; Pringle and Sharp 1980), carrageenan

MARICULTURE AND ECOLOGY
OF SEVERAL SEA WEEDS
This section summarizes current mariculture activities with 12
economically important seaweeds, including 10 red algae (Chondrus crispus, Eucheuma, Gracilaria, Hypnea, ·Iridaea, Gigartina, Gelidium, Pterocladia, Palmaria palmata, and Porphyra)
and 2 brown algae (Laminaria and Macrocystis). A detailed
compilation of information on their cultivation, as well as
biology, ecology, and resource management, is given for these
economically important seaweeds in North America, the United
States' possessions, the Trust Territories of the Pacific Islands,
and the Philippines.

A dnlg nlck used for dredging Irish moss in the Canadian Maritimes .
P hOlognlph by J . Pringle.
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feets of aeration, addition of nutrients, and variation of
photoperiod and light intensity were also evaluated. In
evaluating the application of their work to commercial cultivation of Irish moss, Neish and Fox stated that it would not bd
profitable as a greenhouse crop, nor in a system employing sup]
plemental artificial illumination. However, cultures in outsid
impoundments might be profitable from May to September a
their latitudes. Adequate nutrients (particularly nitrogen
sources), controlled access to seawater, temperature> lO oC, and
the availability of superior strains would be essential .

Recent stucties by A. eish and associates at the National
Research Council of Canada in Halifax demonstrated the potentials of Irish moss cultivation in greenhouse tanks flushed with
seawater (Neish 1968; Neish and Fox 1971; Neish and Shacklock
1971; Anonymous 1977b; Brochu 1977; Neish et al. 1977;
Simpson et al. 1978; Simpson and Shacklock 1979; Simpson et
al. 1979). For example, Neish and Fox (1971) showed that
detached macroscopic C. crispus plants grew in a greenhouse
with flowing seawater and a temperature range of 5 °-15 °C, with
growth being most rapid at the warmest temperatures. The ef-

Individual tanks employed for "seed-stock" selection of fast-growing strains of Irish moss at the greenhouse
cultivation facility of lhe Marine Colloid, Inc., Metagan, Nova Scotia, Canada. Photograph by D. Cheney .

.... , ",I pl .. nl

IIf

Ih

I ~ lUItU~ Inlln of (hllndrul crilpu\ IImh mo",) gro"lng in lank., at the Jack,on
nnr I ~b"",lon. :-.." Hamp,hor . Pholograph b) O. (hene) •

I . IU

.10

Seaweed culture ponds fo r the Irish moss cultivation program of the Marine CoUoid, Inc., Metagan, Nova
Scotia, Canada. Photograph by D. Cheney.

ject has attempted to produce strains of Ch ondrus with high carrageenan yields and/or growth rates, as well as to select featutes
potentially advantageous to cultivation, such as the ability to
reproduce vegetatively by cloning. Chondrus populations from
a variety of habitats (intertidal, subtidal, open coastal, and
estuarine) and geographical locations have been compared for
genetic variability and differentiation, using starch-gel electrophoretic techniques (Cheney and Babbel 1975 , 1978; Cheney
and Mathieson 1977, 1978a). Such information is being used to
select diverse parental stocks for hybridization and the production of progeny which hopefully may show hybrid vigor . Electrophoretic screening (Adams and Allard 1977) is also being
used to recognize polyploid plants that may exist in nature.
Attempts to induce polyploidy in C. crispus are also being
carried out by Cheney and Mathieson using colchicine, which
inhibits the production of the spindle apparatus during cell division, causing a doubling of chromosome numbers. It is hoped
that a 2n gametophyte can be produced , which in turn will be
crossed with a normal (1n) gametophyte, producing a 3n plant.
The primary benefits of triploid plants are that they tend to
grow larger and faster than In or 2n plants and that they are
sterile. The ability to induce sterility in a plant will be a great
benefit to seaweed mariculture, since the plant would reproduce
vegetatively and could be cloned indefinitely. In addition to the
value of the improved strains for cultivation, the basic
knowledge and other developments in this study should be applicable to other economic seaweeds; e.g., the use of polyploidy
to produce sterile clones of annual seaweeds, where maintaining
viable seed stock throughout the year is a major problem.
One final development of Chondrus cultivation is the recently
perfected isolation and axenic culture techniques by Chen and
Taylor (1978) for medullary tissue explants from female
gametophytic plants of Irish moss; Chen and Taylor were able to
culture the colorless medullary filaments of C. crispus, producing fronds with the normal morphology of the parent plant.
This is the first published report of successful preparation of
axenic tissue culture of a multicellular alga. Such cultures could

plastic. The seawater is fed at controlled rates with agitation
provided by blowing air through the tanks. In the future, warm
water from a nearby fossil fuel electric plant may be used in
the tanks to grow seaweeds at optimum temperatures yearround.
Other pilot cultivation projects with Irish moss were recently
underway in New York and Nova Scotia (Genu Products
Canada, Ltd.) A preliminary account of an experimental farming program at Montauk, N.Y., which involved a landbased
network of 15 reinforced-concrete tanks placed at descending
heights, was given by Moeller et al. (1973). This employed a
greenhouse to heat the networks by solar energy and boost yearround production. Detached populations of Irish moss were
grown in the tanks to assay their yields of carrageenan, growth
rates, viability, and cleanliness. The cultivation facility of Genu
Products Canada, Ltd., in Nova Scotia used many of the
biological and physical parameters developed by the National
Research Council at Sandy Cove (Neish and Fox 1971; Neish
and Shacklock 1971; Neish et al. 1977), but little specific information was available.
Several Canadian scientists recently showed that kappa carrageenan was restricted to the gametophytic plants of Irish
moss, while lambda carrageenan was present in the sporophytic
plants (Chen et al. 1973; McCandless et al. 1973; McCandless
1974). Similar results were reported from natural populations by
comparing the differential gelling potentials and the presence or
absence of 3,6-anhydrogalactose, respectively in the gametophytes and sporophytes of C. crispus (Mathieson and 1\teter
1975; Craigie and Pringle 1978). As suggested by Shacklock and
associates (Shacklock, Robson, Forsyth, and Neish 1973;
Shacklock, Robson, and Simpson 1973) seed stock selection of
differential phases would provide a uniform and consistent supply of the different carrageenan fractions.
A Sea Grant project by D. Cheney and A. Mathieson at the
University of New Hampshire has attempted to apply genetic
studies to enhance cultivation of C. crispus through seed stock
selection and improvements in the plant. Specifically, the pro-
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program. For example, Doty (1977) suggested that such introductions could aid in the stabilizing of supplies, the shortening of transport distances between farm and factory, and the
possible purification of wastewater discharges into the sea. Even
so, efforts to introduce new seaweeds in Hawaii currently have
involved 11 Federal, State, and local agencies, and similar efforts
in Guam required clearance from at least 7 Federal agencies. Doty
emphasized that new crop species should only be introduced afte r
careful consideration of possible damaging effects, but that they
should not be strangled by bureaucratic complexities. he cited examples of the recent proposal for Macrocystis introduction to
Hawaii, as well as experiments with the introduction of the Tambalang strain of Eucheuma.
A considerable amount of information is available on
Eucheuma spp. found in Florida, including investigations of
their biology (Cheney and Dawes 1973, 1974a, b; Cheney 1975;
Cheney and Mathieson 1978b), ecology (Dawes, Mathieson, and
Cheney 1974), physiology (Mathieson and Dawes 1972, 1974;
Shipman 1974; Dawes 1976, 1979; Dawes et al. 1976; Moon and
Dawes 1976a, b; Dawes et al . 1978), and biochemistry (Dawes
1974b, 1977; Dawes, Lawrence, Cheney, and Mathieson 1974;
Shipman 1974; Cheney and Babbel 1975, 1978; LaClaire and
Dawes 1976). Much of this information is relevant to the plant's
mariculture and resource management. For example, the recent
electrophoretic studies of Eucheuma spp. (Cheney and Dawes
1973, 1974a, b; Cheney and Babbel 1975, 1978; Cheney 1976)
have obvious potential applications to both seed stock selection
and genetic improvement programs, as noted in the section on
Chondrus crispus.
A compilation of relevant data regarding the potential
mariculture of E. isijorme was summarized by Dawes (1974a),
who suggested that fragments could be dispersed and grown in
either natural embayments. which are common in Florida, or in
culture tanks. In a natural habitat a number of factors should be
considered to optimize the growth of E. isijorme (Dawes,
Mathieson, and Cheney 1974), including adequate water movement, water depth (0.5-3.0 m below ML W), fum substrata
without sand, and adequate illumination. Plants grown on lines

(1974). Successful farming techniques evolved after a variety of
different propagation methods, growth studies, and biochemical
and environmental investigations (Kraft 1970; Doty and Santos
1978). For example, constant-level planting techniques were
developed because of extensive grazing by fish and sea urchins
(Doty 1973a, b; Parker 1974). Basically, about 10 kg of
Eucheuma are planted on a single net, with the nets being arranged in four modules with 800 nets each. The cost of installing
and operating a 1-ha farm in the northern Sulu Sea area of the
Philippines is about US$3,126.00/yr, based on a 3-yr amortization. It is estimated that about 10 tons of dry weed per hectare
are produced, leaving 50-100 g of live weight of each thallus for
seed. Large-scale Eucheuma farms seem to have the potential of
competing advantageously with other crops, including sugar and
coconuts (Doty 1973a, b).
There are four major problems associated with the increased
production (agronomy) of Eucheuma (Doty 1977): 1) The
danger of production monopolies in a developing country,
which may change its politics, policies, and regulations; 2) the
traditional advantage of merchants over individual farmers; 3)
the need to improve farming methods; and 4) governmental
bureaucracy and the management of introduced species. With
respect to the fust problem, Doty suggested that the best solution was to encourage farm development in several countries, including the U.S. Trust Territories of the Pacific Islands. In an
economic sense such competition would stabilize the price of
raw seaweed materials and improve the reliability of the supply.
The unreliability of the price of Eucheuma has discouraged
many farmers who cannot entrust their family's livelihood to a
wildly fluctuating market.
A major theme of the University of Hawaii's marine
agronomy program has been to enhance cooperation between
farmers, as well as to initiate better management, which would
increase and stabilize seaweed prices (Doty 1977). Different
methods of planting (lawn, hollow, and pen), as well as the
selection of fast-growing plants such as the very successful Tambalang strain, were conducted (Doty and Alvarez 1975). The introduction of strains may also be advantageous to a mariculture

A concrete block used fo r outplanting studies of Florida Eucheuma by C. J . Dawes and associates in the Florida
Keys. Photograph by A. Mathieson.
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detachment process itself. As noted previously, when young
sporelings were transplanted to the field, they became reproductively mature within 6-10 wk, which was similar to that of
aerated, detached macroscopic plants.
Temperature, rather than light, was the critical factor determining spore germination with G. tikvahiae, since it occurred in
darkness but not at low temperatures (Bird, McLachlan, and
Grund 1977). Carpospores showed a lower percentage of germination than tetraspores, presumably because carpospores
were released simultaneously at various stages of maturity.
Tetraspores showed a continual release with an apparent high
germination percentage, which suggests they provide maximum
opportunity for spore germination. The process of fertilization
is not required for the production of tetraspores, which may be
of considerable ecological importance.
A variety of field and laboratory studies on G. tikvahiae from
Prince Edward Island, Canada, have been summarized (Goldstein 1974a). Three actively growing forms were observed in
estuaries and embayments on the Island: 1) Plants securely attached by a true holdfast to benthic bivalve molluscs; 2) detached,
free-floating fronds; 3) large, bushy plants anchored in benthic
areas by byssus fibers produced by Mytilus (see also Goldsten
1974b). The latter form was very abundant in the late summer and
was found producing tetraspores and, to a lesser degree, carpospores. Both spore types were readily isolated in culture and
sporeling development was studied. Goldstein (1977) also described the artificial recruitment and cultivation of G. tikvahiae in
Prince Edward Island. The tetraspores of the plants were seeded
on scallop shells in the laboratory, and after 1-2 wk of incubation
50,000 sporelings were outplanted at two sites in Cascumper Ba/
The outplants were monitored for 13 mo. The greatest decline in
sporelings, especially those incubated for only I wk, occurred during the rust month after outplanting, due to burial by sedimentation, grazing by herbivorous snails, epiphytism, and competition
for substrata with other animals and algae. Active growth ceased
when the water temperature fell below 15°C and the plants
entered a quiescent phase which was characterized by dark
pigmentation, brittle texture, and frond erosion. The plants remained quiescent from late September to mid-June, after which
time active growth resumed. Most of the plants were sexually
reproductive in August.
The recruitment of G. tikvahiae sporelings on ceramic tiles
(11 x 11 cm), which were submerged weekly during the summers
of 1975 and 1976, was evaluated by Busby and Goldstein (1977).
~fter 1 wk in the field, as well as 2 wk under laboratory conditIOns, G. tikvahiae sporelings were counted on the tiles. High
sporeling density was observed in late July, concomitant with an
abundance of in situ tetrasporic plants. A significantly lower
number of sporelings was noted during 1976 than 1975 coincident with lower light intensities and water temperatures.' A welldefined "edge effect" was observed on the tiles. Overall the tiles
appeared to have a substantial potential for augmenting recruitment of G. tikvahiae.
The growth of G. tikvahiae under greenhouse conditions
(Neish and Fox 1971) has been determined (Edelstein et al.
1976). As would be expected from its natural distribution (Bird
Edelstein, and McLachlan 1977a, b), the plant's growth in tank~
was depe~dent upon warm-water temperatures (i.e., i 5 °_28 0C).
Equally lmportant was a proper combination of light and
temperature. The highest yield was an increase of 423Ofo /in o or
14.1 %/d at 20°C and 12-12 LD (light-dark) period.
Gametophytes showed optimal growth with 18 h of artificial il-

winter-germinated spores. Unfortunately the project was
discontinued in 1977 because of problems of maintaining seed
stock throughout the year.

Graci/aria
Several Canadian scientists from the northeastern Atlantic
have recently initiated a variety of biological (Goldstein 1974a;
Bird, Edelstein, and McLachlan 1977a; Busby and Goldstein
1977; McLachlan and Edelstein 1977), taxonomic (Chapman et
al. 1977; McLachlan 1979), ecological (Bird 1974-76, 1975;
Edelstein et al. 1974; Goldstein 1974a, 1977; Taylor 1975a; Bird,
Edelstein, and McLachlan 1977b; Busby and Goldstein 1977),
genetical (Meer 1977; Meer and Bird 1977; Meer and Todd
1977; McLachlan et al. 1977), chemical (Hong et al. 1968;
Duckworth et al. 1971; Young 1973, 1974), and cultural Edelstein et al. 1974; Goldstein 1974b, 1977; Bird 1975; Bird,
McLachlan, and Grund 1977; Edelstein 1977; McLachlan and
Edelstein 1977; Bird et al. 1979) studies of G. tikvahiae from the
Canadian Maritime provinces. ' Overall, their efforts are
directed to an increased utilization of Canadian agarophytes,
because of the growing commercial needs for agar (Mathieson
1975; Moss 1977). Preliminary summaries of many of these efforts have been presented at the Canadian "Agar and
Agarophyte Workshops" (Anonymous 1973b, 1974b, 1975).
The ecology of attached populations of G. tikvahiae at Barrachois Harbour, Nova Scotia, was described by Bird (1974-76).
The growing season of the plant, which is characterized by water
temperatures of about 20°C, is < 3 m. Accordingly, the plant is
restricted to shallow, warm-water embayments (Edelstein et al.
1967; Bird, Edelstein, and McLachlan 1977b). When sporelings
of Gracilaria were transplanted to the field, they became
reproductively mature within 6-10 wk (Bird 1974-76).
Tetraspores were released in June and carpospores between July
and September. The mode of reproduction of attached and
detached populations was different. Attached populations
reproduced via spores and exhibited an alternation of generations
(Bird 1974-76). In contrast, free-floating populations, which were
usually dominated by tetrasporophytes, primarily perennated by regeneration of adventitious branches (Bird, Edelstein,
and McLachlan 1977a).
The in vitro life history of G. tikvahiae from the Canadian
Maritime provinces was recently described (Bird, McLachlan,
and Grund 1977). A typical Polysiphonia-type life history was
observed in culture. The male to female ratio for plants
originating from tetraspores was 1: 1. In addition to a normal sex
ratio, the requirement of males for carposporophyte formation
in culture provided presumptive evidence for the necessity of
fertilization to complete the life history. In contrast to earlier
studies of free-floating populations of Gracilaria where a scarcity of reproductive material was noted (Causey et al. 1946;
Stokke 1957; Kim 1970; Simonetti et al. 1970), detached plants
of G. tikvahiae showed an enhanced potential for reproduction
if aeration was applied. That is, the reproductive maturation of
these detached and aerated plants occurred in 8-10 wk versus 8
mo for nonaerated cultures. The rapid induction of fertility in
detached plants was attributed to favorable growth conditions
(greater availability of nutrients and dissolved gases) and the
'The species designated as Graci/aria tikvahiae from the northeastern coast of the
north Atlantic has previously been designated as Graci/aria species or incorrectly
referred to as G. fo/ii/era (see McLachlan 1979).
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plants weighing about 5 g each were fastened to vertical lines.
The plants were attached at seven depths, which were constant
at all stages of the tide. Initially the plants showed a lag in
growth for 1-4 d, presumably because of a change in light intensity after having been transplanted. The growth rate of the experimental plants was correlated with light intensity, with the
maximum growth occurring nearest the surface (0.3 ft), even
though the plants were bleached. A comparison of the growth
studies in Florida and North Carolina showed that plants which
initially weighed 5 g increased 14-fold in 20 d at Alligator Harbor, Fla., versus 15-fold in Beaufort Harbor, N.C.
.
The growth rate of G. folii/era populations from North
Carolina, which were under approximately optimal conditions,
was only about one-half to two-thirds that of G. verrucosa
under the same conditions (Causey et al. 1946; Kim and Humm
1965). Both species appear to be very tolerant of high light intensities, as their maximum growth occurs near the surface of
the water; in addition the optimum growth for both is close to
the maximum temperatures of inshore waters of the
southeastern' coast of the United States (28 °-32 0q. The
temperature tolerances of the two species seem to vary, as G.
folii/era is in good vegetative condition year-round throughout
its geographical range, while G. verrucosa is absent or dormant
during the winter north of Florida (Causey et al. 1946).
The physiological ecology of estuarine populations of G. verrucosa from Florida was recently studied (Dawes 1976; Dawes et
al. 1978). The plant exhibited an increase in net photosynthesis
from 50 fc (1,150 /kW/cm2) to 2,000 fc (13,800 /kW /cm 2) : as
well as maximum net photosynthesis at 24 °_36 °C (30 °C optimum) and 10-50 '100 (30 '100 optimum). Accordingly, G. verrucosa shows a broad tolerance to light, temperature, and salinity, characteristic of its estuarine-mangrove habitat. The effects
of light quality on ammonium uptake with Floridian populations of G. verrucosa have also been described (Bird 1979). In
nitrogen-enriched cultures there was an enhanced ammonium
uptake under blue light, as compared to green or red light. In
contrast, nitrogen-starved cultures of G. verrucosa showed no
effect of light quality on ammonium uptake.
Additional investigations of Gracilaria from the Pacific coast
of North America have recently been conducted. For example,
Whyte and Englar (1976a) evaluated the growth and chemical
composition of Gracilaria (= G. verrucosa?) in culture, based
upon British Columbia populations. The plants were propagated as free-floating entities in tanks which were flushed with
fresh seawater and with effluent seawater originating from a fish
rearing tank. After a 113-d culture period, the plants from the
fresh seawater tank increased in mass by 21.3%. The plants
from the effluent seawater tank showed a 1.37% growth/d
and an increase in mass of 55% after 113 d. Cultured specimens
had higher contents of dry matter and higher yields of agar than
in situ populations. The phycocolloid yields and properties of
other British Columbia populations of Gracilaria sp. have also
been evaluated by Whyte and Englar (l979a, b, 1980).
The growth and productivity of Graci/aria ( = G. verrucosa?)
from British Columbia, Canada, has also been studied
(Saunders and Lindsay 1979). The reproductive strategy,
biomass production, and agar quality and quantity of intertidal
and subtidal populations were different. Regrowth in vegetatively propagating intertidal beds was more seriously affected than
in subtidal beds, which rely on spore recruitment. Culture
studies of free-floating populations were conducted, employing
six different phenotypes. A series of floating net enclosures were

Various approaches to culturing G. tikvahiae in tanks are being evaluated (Brochu 1977), including using plants with three
sets of chromosomes or triploids. Triploid plants seem to be
larger and grow faster than the normal (In or 2n) ones. Their
use, along with other refmements in culture conditions, might
make possible the commercial culture of G. tikvahiae in tanks or
salt ponds.
Several other studies dealing with G. tikvahiae from the
Atlantic coast of the United States have recently been conducted. Fralick (1974) summarized the growth of G. tikvahiae
(as G. folii/era in Taylor 1957) as well as Chondrus crispus and
Neoagardhiella baileyi, in a nutrient-enriched, multipurpose
aquaculture system at the Woods Hole Oceanographic
Institute's Environmental System Laboratory. Specific details
regarding the Environmental System Laboratory are given in the
section dealing with Polyculture systems. Growth rates as high
as 4O%/d were recorded, as well as the successful removal of
nutrients from the system. Further descriptions of the growth of
G. tikvahiae in the Environmental System Laboratory were
given by Fralick et al. (1975), DeBoer (1979), and LaPointe and
Ryther (1979). In addition, the net photosynthetic responses of
the plant under a variety of different light, temperature, and
salinity conditions were described by Fralick and DeBoer (1977).
The optimal conditions for growth are 800-2,500 fc
(footcandle), salinities of < 32 '100 and temperatures of
20°-30°C. The experimental results were interpreted in relation
to seasonal variations in growth.
The seasonal changes in chemical constituents and reproductive generations for G. tikvahiae populations (designated as G.
folii/era) from Great Bay, N.H., were enumerated by Penniman
(1977). There were slight differences in agar yields between
vegetative, cystocarpic, and tetrasporic samples. Agar yields were
at a maximum from November to January, while protein and
phosphate contents showed no consistent differences with season
nor reproductive status. The maximum occurrence of cystocarpic
and tetrasporic plants was in June and July, with cystocarpic
plants showing their maximum somewhat earlier than
tetrasporic plants. The innermost estuarine sites exhibited earlier
reproductive maxima. Low percentages of cystocarpic plants
were consistently found at all three sites. Tetrasporic plants were
absent in the innermost estuarine sites during the winter.
An additional study of biochemical properties of G. tikvahiae
was recently conducted in Rhode Island by Asare (1979a) in
order to optimize its harvesting and agar yields; he found that
tissue nitrogen was highest during the winter. In addition, he
emphasized that factors apart from nitrogen status were involved
in the increasing and decreasing of phycocolloid content in these
plants.
The agar variations of G. bursapastoris and G. coronopi/olia
from Hawaii have been reported by Hoyle (l978a, b). Crude
agar extracts from tetrasporic, male and female plants showed
no significant differences in yield nor gel strengths (Hoyle
1978a), similar to that observed for G. tikvahiae (Penniman
1977) The thallus nitrogen content of both Hawaiian species of
GraCI/aria was correlated with NO,-N in the seawater (Hoyle
1978b) In addition, the agar yields of both plants were inversely
related to the total nitrogen of the thalli. The reproductive
phenology and growth rates of G. bursapastoris and G. coronopifo/ta from Hawaii were also reported by Hoyle (l978c).
The ummer growth potential of G. folii/era populations at
Alligator Harbor on the Florida Gulf coast and at Beaufort,
.c.. \\t:re determined by Kim and Humm (1965). Portions of
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de igncd and t ted in order to del ermine
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ult ure condition In order tll rccn a lar number ot pI n
fa!t· I ll\lo 10 ' " tram .' (Buntin ct al. lit ).
The efle t of lighl inten ity and temperature on the rO\lo1h
rate of cult urL'll G. n'rroco\o Irom \Va' hillgton VI ere rl'flOrted
by (an and \Vaaland (1977). 1 he 111 h t gro 11h rut
ere
recorded at 2!l.2"1oo • 28
and 1,400 fe. In general, the fO\Io1h
rale\ in!;rea cd with increasing light inten lIle at aJltempcrature .
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trom 2 0
to 2M • Only at 1.4(X) f wa\ there a ignific3nt Inlr
In
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In addition to the refercnce~ di~cu~scd abovc, the reader
l>ho uld consult thc extensivc revie\lo of Gracr{arta gl\Cn by Hoyle
(197 ). He summarile~ information regarding the ta onom).
orphology, ecology, phylogeny, and cconomic importance of
Gractfarta. much of which IS relevant to the future manculture
and resource management of this plant. furthcr dcscriptions of
growth of Gractfaria in w~tc-rccycling polyculture s 'stem~ at
Woods Hole, Mass., and in Florida (LaPointe ct aI. 1976; DeBoer
and Ryther 1977; Hanisak et aI. 1979), as well a~ In Rhode
"land (Harlin et aI. 1979; A~are 1980), are givcn in the
Polyculture section.

Ilypl/ea
The red alga H~'Pnea is a species of considerable c\Conomlc
\alue, as its cell \vall contains the poly\aceharide \.:apna \C'arrugeenan ( toUion 1973. 1979; Humrn and Kreule 19 5). At
present wild st cks arc insufficient to meet the requIrement of
the carrageenan produ(;ers; thus its mariculture ma) become
profitable \Iohen large· scale cultivation procedures are perfected .
e'eral recent studies ,ummarllC the sea anal 6rowth (Humm
and !\:reulcr 1975; Mshlgeni 1977; hhlgem and Mliray 1979;
IIUIllI11 1911 I), reproduction ( 1shlgem 1976c). sporcllng dc\ elopl11t:nt (\tslllgcni 1976a. b. c). bilXhc:mistl) (\!shlgeni 1979;
Durako J.mJ DJ\\(; 19Sfu). ,l.J1d ph) ioloSY (DJ\\l: 1')"6: [).l\\~ et
011 1976; Durako and Da\\e . 19 Ob) of HV[lflco. mu~h of \\hi.:h
" rele\ ant to the future mariculturc of thi ~pecIC. An c tcnd~'(j
rt:\ie\\ or the literature l1n HY[lfIlo 1\ al 0 a\"aIlablc (i\t hi em
1974).
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There was no appre(.;iable increa\e in cover from additional
seedings during the second and third year~, due to coloni/ation
by ulvoids and kelp\. 1 hus, artificial \ecding of net~ In tanb
may be reqUired As the tetrasporic rlants of I. cordata contain
only lambda carrageenan and the gametophyul rlants only kappa carrageenan (Waaland 1974a, 1977; Mc andless et al. 1975),
it is possible to seed for one phase of the life history and get a
particular carrageenan. Two harvests arc ros ible rer year ""ith
the fir t occurnng In . pring and the ~econd dunng Augu t or
eptember when the maximum tanding crop occurs.
FertilizatIOn technique (e.g., ammonia) for rope-cultured
populatlOm of I. cordata are being perfected in order to determine their effects on growth, phenology, and carrageenan content (Mumford 1977b). 0 major diseases were recorded on
rope outplants of I . cordata, although everal herbivores cau ed
extensive damage. Thu , Mumford (I977b) concluded that the
major obstacles to any aquaculture program, including I. cordata, may be ol:lal and legal, rather than biologic-d!,
technological, or economical. Ho\\ever, if the u e of artifi ial
substrata for the culture of ea""eeds continue In Puget ound,
he suggested that the current te hniques could open ur ",ide
areas of the 0 ean for production of hydrocarbons, energy,
food, chemicals, and pharmaceutical product. Further de riptlOns of I. cordata farming in the Pacific Northwest ha\e been
given (Jamison and Be wick 1972; Kemp and ~1umford 1976;
\1umford I977a, 1979: Anon)mouS 197 '; lumford el al.
1979), including a hi torical a count of re earch pon ored by
the Washington tatc D\!partment of. atura] Re ource and the
Washington Sea Grant Program.
Growth experiments "'lth free-noaung populations of I. cordata, as well as Glgartma ewsperala, ha\e been condu ted in
semiclosed culture system~, con Isting of large tanks supplied
",,;th running ~ea\\ater (Wa'uand 19 6, 197 , 19 9, In pres ;
Cooper 1981). He used evenl tank designs, y,hich \\ere baslcalJ}
similar to tho e employed by:-'larine oUoid, Inc., for Chondrus
crispus and Eucheuma lSijorme (Deveau and astle 19 6.) The
major factor regulating the grO\\1h and optimal production of I.
cordata were plant size, rate of sea\\ater 110\\, ratio of blomas to
surface area, and light Intensity. The yield br I. ~ordala in uch a
culture system was estimated as 5,700 kcal f m' per}T or 1,950 g
ash-free dry matter m' per yr, which was si\fold that of natural
populations (Waaland 1976). A companson of the annual production of 1. cordata with some major terrestial plants indicated
that it compared favorably with the biomas produced from the
highest yielding corn, wheat, and rice farmmg technique
(Waaland In press). A comparative summar} of the ummer
growth rates (as percent dry weight per day) of 13 Pacific orthwest marine algae showed that I. cordata and G. e'(asperata
were ranked first (9.5%) and fourth (8.31T'0), \\;th Porphyra perjorata (8.8%), I. cornucopiae (8.7%), and I. heterocarpa
(8.1 %) showing comparable growth rates (Waaland 1977).
A major requirement for a sustained sea\\ eed aquaculture
operation, such as with I. cordata and G. exasperata, is the
availability of sufficient inocula each spring, prior to the major
growing season (Waaland 1977). In the case of G. exasperata
this is not a problem, as its large perennial blades are present
throughout the year, and they produce new blades from surface
and marginal proliferations. In contrast, I. cordata is a
pseudoperennial species, which has a perennial holdfast and

salinity between estuarine and coastal populations were noted,
which might be relevant to potential seed stock selection of fa tgrowing strains. Such methods can be employed to assay the
physiological state as well as strain tolerances to environmental
paraIJ1eters. Further descriptions of the physiological ecology of
H. muscijormis are given by Dawes (1976) and Durako and
Dawes (1980b) .
A model for the growth of detached H. muscijormis, based
upon the extensive outdoor cultivation program of the Marine
Colloids, Inc., at Summerland Key, Fla., from January 1975 to
March 1976, was also summarized by Guist et al (1977). The
culture system consisted of large tanks with running seawater,
and was basically similar to that used by Marine Colloids, Inc.,
for C. crispus and Eucheuma isijorme (Deveau and Castle
1976). The model related growth under a wide range of ambient
temperatures and light intensities to concurrent laboratory
measurements of the photosynthetic and respiratory activity of
H. muscijormis. The model allowed a more quantitative determination (assay) of the effects of water temperature and illumination on the growth rate of this species in culture.

Iridaea-Gigartina
The marine red alga Iridaea cordata has a very high carrageenan content (52-66070) and is of considerable economic
potential (Mumford 1977b; Waaland 1977). Several investigators have studied Iridaea evaluating the plant's growth
(Fralick 1971; Waaland 1972, 1973a, b, 1974b, 1976,1977,1979,
In press; Hansen 1974, 1975, 1976, 1977a; Hansen and Doyle
1976; Adams and Austin 1977; Packard 1977), development
(Norris and Kim 1972), reproduction (Norris and Kim 1972;
Waaland 1972, 1973a, b, 1974b, 1977, 1979; Hansen 1974, 1975,
1976; Hansen and Doyle 1976), cytology (Fralick and Cole
1973), physiology-biochemistry (Waaland 1973a, b, 1974a,
1975; McCandless et al. 1975; Hansen 1977b), ecology (Fralick
1971; Waaland 1972, 1973a, b, 1974b; Austin et al. 1973; Austin
and Adams 1974; Hansen 1974,1975,1976, 1977a; Hruby 1974,
1975, 1976; Foster 1975b; Hansen and Doyle 1976; Adams and
Austin 1977; Packard 1977), biogeography (Kim and Norris
1974; Kim 1976), and taxonomy (Abbott 1971,1972; Kim 1976).
Much of this information should be helpful in furthering the
mariculture and conservation of Iridaea.
Detailed accounts of the successful seeding of nets with carpospores and tetras pores of 1. cordata, as well as their subsequent yields and growth rates in various locations in Puget
Sound and the San Juan Islands, Wash., have been given (Kemp
and Mumford 1976; Mumford 1977b). Three types of nettings
were evaluated: A white type-66 nylon seine netting made of no.
60 cord, black plastic Vexar 6 (Dupont, Inc.), and orange
polypropylene. The plant's growth on the expanded nylon and
polypropylene netting was excellent, while the plastic Vexar was
unsuitable. The density of the plants on the best netting was approximately 10 times that in natural populations in Washington
(Fralick 1971; Waaland 1976) and British Columbia (Austin and
Adams 1974) and approximately 1.5 times that in central
California (Hansen 1976). The location and season of net
emplacement were found to be very important. For example, in
1975 only about one-half of the nets placed were seeded with
enough I. cordata to produce 100% cover the followi ng year.
'Reference to trade names does nOI imply endorsement by the National Marine
Fisheries Service, NOAA.

'Anonymous. 1977. Seaweed farming in the Pacific nonhwesl. Aquaculture
Newsletter #34, p. 1-3. Jerden Industries. Inc., Bellevue, Wash.
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blades that die off each year following reproduction. Even so, if
net cultures of I. cordata were established , they could produce
new blades each year from the perennial holdfasts (Mumford et
al. 1979). According to Waalarid (1977), the blades of I. cordata
frequently produce spores 1-2 mo earlier in culture than in situ;
no such observations have been made with C. exasperata. One
particularly fast-growing strain (m-II) of C. exasperata was
maintained by Waaland through three winters in outdoor
cultivation tanks. Two major factors made this possible: The
plant can be propagated vegetatively by means of cuttings or
outgrowths from the blades; and the plant can be sustained
through the winter, when the solar radiation is at a minimum,
by adjusting the plant density per tank . Unfortunately, the same
procedures cannot be followed with I. cordata, and in tank
cultures the spring seed material must be initiated either by
juvenile sporelings (i.e., new plants), by the perennial holdfast
system, or by artificial substrata inoculated in the field. Thus,
Waaland (1977) suggested that C. exasperata was a better candidate for tank mariculture than I. cordata, especially if strains
with faster growth rates and yields were developed. In this vein,
Waaland (1977, 1979) has conducted some strain selection
studies by growing a variety of plants under uniform conditions
for 4-6 wk periods. He found that fast-growing strains can be
isolated, propagated by vegetative means, maintained in
semi closed culture for at least 2 yr, and grown in large quantities.
For example, the m-II strain increased its fresh weight at a rate
of 4.25 OJo/d versus 3.II% / d for wild material.
A variety of productivity studies of I. cordata have been
described (Hansen 1977b). The time periods required for a
doubling in dry weight, as well as carbon and nitrogen contents,
were used to evaluate the gap between laboratory-determined
and in situ estimates of productivity as well as to identify
limiting parameters. During the winter, spring, and summer, in
situ weight and thallus carbon doubling times were similar, indicating that laboratory-determined photosynthetic rates, for
these seasons, were indicative of field produdion rates. During
the fall, when natural populations senesced , laboratorydetermined photosynthetic rates gave inaccurate estimates of
field production. Doubling time comparisons of in situ populations suggested that production was light-limited during winter
and spring but limited by other factors during summer and
autumn. Laboratory-determined doubling times for thallus
nitrogen were longer than in situ times during all seasons except
winter. This suggested that in situ thalli utilized additional
nitrogen sources not considered in this study or that the thalli
carried out luxury consumption and stored nitrogen for utilization when seawater sources were depleted.
The photosynthetic rates for a fast-growing strain (m-II) of
G. exasperata were evaluated by Merrill and Waaland (1978,
1979). The photosynthesis and respiration rates of the plants (i.e.,
blades) were measured and compared with values similarly obtained from wild material of the same species. Measurements
were made with an oxygen electrode over a wide range of light
intensities (5-750 !!E/m' per s) and temperatures (6°-22°C), in
order to predict the effects of manipulation of light intensities
and temperatures in aquaculture operations.
Genetic improvement studies of seaweeds may be critical in
expanding the production of certain limited and / or underutilized
economic red algae, such as the carrageenophyte Cigartina
(J. West', In press). Thus, West and his associates have initiated

a genetic program for the improvement of carrageenan production in Cigartina subgenus Mastocarpus, a kappa carrageenan
producing species of high quality. Most of their efforts have
centered on C. papillata and C. agardhii, which may exhibit two
life histories, a heteromorphic alternation of generations between a gametophytic Cigartina phase and a crustose
tetra sporophyte (Petrocelis) or an apomictic recycling of Cigartina (West 1972, In press; West and Polanshek 1972, 1975, 1977;
Polanshek 1974, 1975; Polanshek and West 1975, 1976, 1977;
West et al. 1978). A major premise in West's efforts is that there
is a genetic control of carrageenan synthesis in several Gigartinalean red algae (Chen et al. 1973; Pickmere et al . 1973, 1975;
McCandless et al . 1975; Waaland 1975), with the primary types
of carrageenans being linked to the nuclear and morphological
phases of the life history, i.e., gametophytes primarily produce
kappa carrageenan and tetrasporophytes produce mainly lambda carrageenan. Accordingly, a knowledge of the plant's life
history, whether it be apomictic or a heteromorphic alternation
of generations, may enable a selection of specific carrageenans
via different reproductive generations or strains of Cigartina. At
present West is attempting to produce high-yielding strains of C.
papillata and C. agardhii. In addition, promising strains have
been grown and crossed in the laboratory and their progeny
transplanted into the field. Analyses are being conducted in
order to determine the types and quantity of carrageenans in
both the parents and progeny.
The influence of substrata and spore concentration on spore
survival and germination in C. agardhii and Petrocelis jranciscana has been evaluated (West and Crump 1974). The carpospores of C. agardhii and the tetraspores of P. jranciscana
were germinated on three different substrata: Microscope slides,
polystyrene petri dishes, and Plexiglas (acrylic) plates. Spores
liberated 24 h or more showed greater developmental abnormalities than freshly liberated ones (0-6 h old). A greater
number of spores developed as discs on smooth polystyrene and
glass than on Plexiglas. In addition, growth was more rapid on
polystyrene and glass than on Plexiglas. At the lowest concentration tested (1,080 spores/cm') P. jranciscana spores did not
survive; however, at higher concentrations many spores germinated and developed as normal discs. With C. agardhii on
polystyrene, carpospore concentration had little apparent influence on the percentage germination. However, it did have a
dramatic effect on germling development. More carpospores of
C. argardhii developed as discs in low concentrations (63%)
than in high concentrations (9%). Only spherical germlings
developed on Plexiglas and about 10% were discoid on glass. Of
the substrata tested, Plexiglas was least suitable for outplanting,
whereas polystyrene appeared best because it permitted rapid
spore germination and attachment of discs.
Additional information on Cigartina carpospore discharge
periodicity was summarized by West and Crump (1975). Each
papilla discharged carpospores at 14(1O-16)-d intervals with
discharge occurring on 2-3 successive days during each cycle. In
addition, each papilla discharged 5,000-100,000 spores/d. Thus,
the total spore production per papilla averaged 3,600,000.
A variety of studies have been conducted on C. stellata, a
plant which is often harvested in mixed lots with C. crispus as a
source of carrageenan (Burns and Mathieson 1972a). For example, the seasonal growth, reproduction, and ecology of natural
and harvested populations have been evaluated (Burns and
Mathieson 1972b). In addition, culture and morphological

•John West, Botany Department, University of California, Berkeley, pers. commun. January 1975 .
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were recently interpreted (Santelices 1978b). The plants'
biological cycles were signiflcantly correlated with seasonal
changes in light intensity and water movement but not with
seasonal changes of water temperature and salinity. Laboratory
experiments tested the effects of five single factors and nine
types of interactions on plant growth. Water movement and
light intensity were the primary factors regulating growth. Water
enrichment compensated for water movement, as all three
species attained maximum growth at comparatively low water
movement intensities when grown in fertilizer-enriched media.
A preliminary account of an artiflcial flotation technique for
the cultivation of Gelidium sp. was summarized by Gibor
(1976). He described a Simple and inexpensive system for
floating Gelidium plants near the surface of water with perlite
particles, i.e., aerated volcaniC rocks . Small fronds of Gelidium
were glued to the particles, while other plants such as Bryopsis
attached themselves. Gibor suggested that the potentials for
mass cultivation of Gelid/um using these methods were excellent.
One of the few papers dealing with ma<;.s culture of gelidioid
algae (i.e., P. caerulescens, P. capillacea, and Gelidiella acerosa)
is given by Santelices (I 976b). Working with Hawaiian material,
he evaluated the growth of unattached specimens as well as
minimum water volume reqUirement per unit of algal mas .
Gelldiella acerosa was unable to grow detached. However, P.
caerulescens and P cap/llacea grew continuously for 50 d,
reaching maximum daily growth rates of 2.3 and 1.6070 reS'pectively. Both of the latter species adopted a globose or subglobo e
habit, showing modifications similar to other free-floating
species of algae (Austill 1960). The optimum \olume per unit of
algal mass was 1 liter of enriched seawater per 3.3 g for P.
caerulescens and 1.7 g for P. capillacea.

studies were made to determine the plant's life history (Chen et
al. 1974; Edelstein et al. 1974; TVeter and Mathieson 1976a), and
growth and ecology (Burns and Mathieson 1972a). The
physiological ecology (Mathieson and Burns 1971) and carrageenan ecology of G. stellata (Mathieson and TVeter 1974,
197~ have also been investigated. Abbott (1980) has recorded
similar evaluations of colloid variations in several red algae in
central California, including the kappa-carrageenan producing
species Gigartina leptorhyncos.

Gelidium-Pterocladia
Extensive reviews of the gelidioid algae, including their taxonomy, morphology, ecology, phylogeny, and economic importance, have been summarized (Santelices 1974, 1976a, 1977,
1978a, b). Most of the agronomy-related studies of this group
have been oriented towards improving harvests and protecting
the species as a natural resource (Santelices 1974). Barilotti and
Silverthorne (1972) gave an excellent evaluation of resource
management of subtidal populations of G. robustum in
southern California, based upon a variety of ecological information including biomass and agar variations, growth, reproduction, regeneration capacity, and seasonal and habitat differences
(Cooper and Johnstone 1944; Johnstone and Feeney 1944;
Barilotti 1974). Silverthorne (1973, 1977) also developed a
harvesting model for G. robustum based upon the above information. According to this model, a natural population has a
standing crop of about 500 glm' (fresh weight). After harvesting
and regrowth for 14 quarters, the standing crop would be 900
glm' and it could be reharvested with minimal effects. The
harvesting model permits a prediction of yields under various
management schemes.
The ecology, distribution, and abundance of G. robustum in
southern California was described by Barilotti (1974). He suggested that light, water motion, and their interactions influenced
vegetative growth rates. Transplant studies indicated that water
motion, through its effect of limiting grazing pressure, was
responsible for determining frond density. Barilotti also suggested that the disappearance of G. robustum from large areas
of the California coastline was due to pollution.
The growth, reproduction, and harvesting of the commerically important agarophyte G. robustum (as G. cartilagineum var.
robustum) in Baja California has also been described (Guzmandel Pro'o and de la Campa-de Guzman 1969). The growth of
harvested and nonharvested (control) plants was assessed, in
order to evaluate their regrowth potentials. Tetrasporic plants
were predominant throughout the year, while carposporic plants
were observed in smaller numbers and for more limited periods.
The spore dispersal of the plants was found to be predominantly
southeast from the parent populations. Spore shedding and germination of G. robustum was also studied by Guzman-del
Prdo et al. (1972). The plants showed a maximum reproductive
activity during August and September, and minimal activity in
January and February. Both tetrasporic and carposporic plants
showed diurnal discharge periodicities; in each case, carposporic
plants released the greatest number of spores. Guzma'n-del
Pro'o and de la Campa-de Guzman (1979) further summarized
a variety of synoptic, ecological, and biological information for
G. robustum populations in Baja California.
The multiple interaction of several factors in deflning the
distribution and abundance of three Hawaiian Gelidiales
(Gelidiella acerosa, Pterocladia caerulescens, and P. capillacea)

Little is known about the nutrient physiology of seaweeds, including that of the gelidioid algae. Bird (1976a, b) evaluated the
physiological responses of the agarophyte Gelidium nudifrons
to various combinations of ammonia and nitrate. He observed a
simultaneous assimilation of both nitrogen sources in culture experiments, employing four different combinations of the two
nutrients. His study suggested that there were pools of both
nutrients which were simultaneously available for algal assimilation.

Palmaria palmata (Dulse)
An appraisal of the dulse industry in Canada, including a
historical analysis of the industry, an evaluation of the resource,
and its marketing and developmental opportunities, was recently given by Ffrench (1974). Dulse is usually harvested by hand
(rake), air dried and packaged as a source of food (Morgan et al.
1980; Sirota and Uthe 1979). One company, Atlantic Mariculture Ltd. of Grand Manan Island, New Brunswick, Canada,
has utilized impoundment and cultivation techniques (Anonymous 1974a; Neish 1976a), which consisted of ferrocement
tanks and air agitation. The company held detached plants in
tanks until they were processed; any growth that occurred offset
the operating cost of impoundment. Neish (1976a) stated that
dulse harvesting is only carried out during very low tides of
spring and fall, so the flow of raw material thro~gh a processing
facility is uneven. A capacity for holding live material greatly
enhances processing efficiency. Dulse is cleansed of dirt,
mussels, epiphytes, and other contaminants in the storage tanks.
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densities of approximately 10 kg fresh wt/ m'. He suggests that
P. pa/mata, which has an annual frond and a perennial basal
system, must be propagated differently than perennial species
like Chondrus crispus. Such techniques may require the
development of new methods involving grow-out from hatchery
seed. Some commercially significant marine plants have been
successfully brought through their life-cycle in the laboratory,
and tht;! commerical production of hatchery seed is well
established in the Porphyra industry in Japan (MacFarlane
1968; Okazaki 1971; Korringa 1976).
The effects of total carbon supply, irradiance, pH,
temperature, and salinity on the short-term photosynthetic rates
of P. pa/mata were enumerated by Robbins (1979), based upon
oxygen and pH measurements. Photosynthetic, but not
respiratory; rates showed some seasonal adaptation. Maximal
photosynthesis occurred at 10 °-15 °C, 32 '7'00' and pH values of
6.5-7.5. Light saturation was at approximately 212 jili/m' per s
and P max was temperature dependent. The compensation
point in late winter was 6.6 jili/ m' per s. Raising the total carbon dioxide concentration to 6.0-7.0 mM/ 1 resulted in
photosynthetic stimulation up to 2.7 times normal levels. A
photosynthetic quotient of about 1.28 was determined for
Pa/maria pa/mata by measuring carbon dioxide flux with infrared gas analysis.
The life history and cytology of P. pa/mata from the Atlantic
coast of Canada have recently been studied (Meer and Chen
1979). Tetraspores from diploid tetrasporophytes, the most obvious plants in situ, gave rise to two types of haploid sporelings,
one of which grew more robustly and was less branched than the
other. AI: 1 ratio of the two types was obtained from random
spores. The more robust plants were males, while the smaller
plants, which were believed to be females, grew more slowly and
eventually formed sporangia. The sporangia on the female
plants aborted without releasing viable spores, presumably
because of nuclear abnormalities associated with haploid
meiosis. On one occasion fertile (i.e., diploid) tetrasporic fronds
of P. pa/mata were obtained from gametophytes in culture, and
these gave rise to a second generation of segregating sporelings.
As noted by Meer (1976) in an earlier cytological study of P.
pa/mata, a complete elucidation of the plant's life history will
only be achieved when it is determined how the diploid state is
attained. Since diploid tetrasporic plants appear to give rise only
to haploid plants, a compensating mechanism such as fertilization or somatic chromosome doubling must exist to generate
diploid plants. Hopefully, this mechanism can be found by
future studies. An ultrastructural study by Pueschel (1979) has
also demonstrated that meiosis occurs during tetrasporogenesis
in P. pa/mata.

creased interest in oriental cookery by Americans as well as the
presence of large numbers of Japanese in the United States and
Canada have also stimulated the markets for nori.

Porphyra is a potentially important food resource in the
United States, as approximately US$700,OOO worth of nori is imported through San Francisco alone (NeushuI 9 ). In addition, the
rate of consumption of nori is increasing in the United States.
As a result, Neushul and his associates (Woessner 1974, 1979;
Woessner et al. 1977) at the University of California, Santa Barbara, have initiated several biological and economic studies on
Porphyra nereocystis, in order to provide necessary information
for intelligent management and cultivation of this underutilized,
but potentially important, species. Neushul (footnote 9)
estimated that the natural crop within a 55-mi distance of the
California coastline could be worth in excess of US$500,OOO.
Extensive nori cultivation may be possible in Puget Sound
because the area has moderate winter (6 °_8 0q and summer
temperatures (seldom > 15 0q, a lack of sea ice, high nutrients
due to runoff from nearby mountains, adequate currents, and
sufficient light for the growth of many Porphyra species
(Hunter and Nyegaard 1974). Because the amount of stable
substrata is limited in shallow water, artificial substrata would
have to be employed in order to use the great body of water in
Puget Sound for seaweed production. Commercial culture of
nori would also require a mechanical harvesting system and
local processing of nori sheets.
One of the few accounts of mass cultivation of Porphyra in
North America (i.e., in Washington) is given by Waaland
(1977). He compared the growth of free-floating populations of
P. perjorata in a semiclosed culture system with 12 other Pacific
Northwest red algae, including the carrageenophytes Iridaea
cordata and Gigartina exasperata. Porphyra perjorata showed a
summer growth rate of 8.8070 dry weight increase per day, with
I. cordata being the only species tested with a higher growth rate
(9.5%).
Sea Grant studies by M. B. Allen and C. P. McRoy at the
University of Alaska examined the feasibility of Porphyra
cultivation in Alaska (W. Shaw IO ). The studies included an
evaluation of favorable sites for cultivation, a determination of
the time course of the alga's life history under Alaskan conditions, laboratory cultivation of germlings suitable for inoculation in favorable habitats, and the establishment of an experimental "farm."
Another Sea .Grant project by D. Kapraun of the University
of North Carolina (Wilmington) was initiated in 1977, in order
to determine the feasibility of establishing a nori harvesting industry in North Carolina. He assessed the distribution and standing crop of Porphyra in North Carolina tidal marshes, determined harvesting and processing techniques, and initiated a
pilot production plant and marketing procedures for the local
product.

Porphyra (Nori)
Porphyra, or nori as it is commonly called, is extensively
cultivated in the Orient (Korringa 1976) and is one of the most
important economic seaweeds in the world (Mathieson 1975).
Imada et al. (1972) stated that the annual sales of nori in 1970
were about US$I40 million, which was higher than any other
marine product in Japan. As a result of increased pollution of
Japanese coastal waters (culture areas), as well as increased demand for the product, the Japanese are seeking additional
sources of foreign Porphyra. Accordingly there is considerable
potential for the development of culture systems of nori in
North America (Hunter and Nyegaard 1974; Hunter 1975). In-

The nutritional composition (McLachlan et al. 1972), life
history (Bird et al. 1972; Bird 1973), and ecology (Bird 1973) of
P. linearis have recently been studied in Canada. McLachlan et
al. (1972) determined that P. linearis was superior to many other

'Michael Neushul, Biology Department, University of California, Santa Barbara, pers. commun. January 1975.
"William Shaw, NOAA Office of Sea Grant, Washington, D.C. , pers. commun .
March 1971.
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resulting from a high concentration of isofloridoside and several
free amino acids. The life history of P. linearis was completed in
ulture through fi\e generations (Bird et al . 1972). Conho porangia formed at 5 _20 °C, but release of conchospores
began only at 13 °C and continued at a slower rate at 5°C. The
conchocehs phase was long lived despite continuous sporulation
and attrition. Variations m ability to shed conchospores indicated the existence of different strains of conchocelis. Additional details regarding the life history and ecology of in situ
populations of P. Imeans were summarized by Bird (1973).
A detailed account of sexual reproduction in P. gardneri was
recently summarized by Hawkes (1978). He observed fertilization and diploid chromosome numbers in the carpospores and
vegetative cells of the conchocelis phase, which was the first unequi\ocal e\ ence for sexual reproduction in Porphyra.
Ha\\ kes (1 977a, b) further summarized a variety of field,
culture, and cytological studies of P. gardneri.
The gro"'1h of detached P. umbilicalis in a flowing seawater
S} tern at the Manne Plant's Experimental Station near
~liminegash, Prince Edward Island, Canada, was reported by
McDougall (1974). In one experiment, detached specimens gained 107010 weight (wet) during 42 d, showing that P. umbilicalis
could be successfully cultured as unattached plants. Several
small rocks bearing attached reproductive plants were also
cultured in shallo'" tanks (18 m deep) with running seawater.
The tanks ere drained each day, leaving the plants exposed to
air for about 4 h, approximating the conditions prevailing in
nature. Porphyra umbilicalis grew well under these conditions,
almost doubling in length in 42 d. Furthermore, small plants
de\eloped on the rocks, suggesting the potential use of various
ubstrata for the growth and transfer of sporelings as is done
"'1th the Japanese nori industry (Mathieson 1975 ; Korringa
1976).
A vanety of other studies dealing with the life histories
(Hollenberg 1958; Kri hnamurthy 1969a, b; Bourne et al . 1970;
hen et al. 1970: Conway and Cole 1973; Mumford 1973a, b,
1975; Karlfaun and Luster 1980), taxonomy (Krishnamurthy
1% a, 1972, ~lumford 1973a, b, 1975; Conway 1975 ; Conwayet
a1. 1975), ecology (Edelstem and McLachlan 1966; Mumford
I 3a), and ultural perspective-significance (Williams 1979) of
I'orph~ro ha\ e been conducted in
orth America. As noted
earher, u h ~tudle may ultimatel) aid in the utilization and
dc\elopmem of uch marine plant re ouree .
0
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punctures approached the tips of the blades, new ones were
made at the base. The blades behaved like moving belts of
tissue, eroding at the tips while growing at the bases, so that a
year's growth amounted to 1-5 times the initial length. Surprisingly, growth was most rapid from January to April, i.e., during
periods of short day length, low light intensity, and low water
temperatures. Conversely, it was slowest during July to October, when contrasting environmental conditions occurred.
The authors suggest that during the winter the plants are using
some of the dry matter stored in the summer as an energy and
material source for part of their growth. Since winter is time of
high concentration of dissolved nitrogen and phosphorous in
the sea, it seems possible that the plants are making some of
their new tissue by using a stored carbon source and taking up
nutrients from the seawater. This could obviously place them in
an advantageous position for making maximum use of sunlight
for photosynthesis in early spring.
The summer biomass of kelps in St. Margaret's Bay has a turnover of 4-10 times in the course of 1 yr (Marm I 972b). Marm
estimated thilt the annual production of kelps in St. Margaret's
Bay amounts to 603 g Cl m' averaged over the whole bay, 1,750
g C/m 2 averaged over the seaweed zone, or 648,000 g Cl m of
shoreline. The approximate caloric equivalents were 6,030
kcal/m 2 over the whole bay or 648 x 103 kcall m of shoreline.
Overall, the growth strategy of kelps seems to center around
their ability to carry out intensive photosynthesis in the summer,
as well as to store and mobilize carbon reserves during periods
of low light intensity (Mann 1973; Mann and Chapman 1975).
Such a growth strategy would greatly extend their growing
season and allow the plants to use the nutrients for growth during a time (winter) when the phytoplankton show slow growth
due to the lack of an energy source.
The seasonal fluctuation in dissolved inorganic nutrients, internal reserves of nitrogen, and growth rates of L. longicruris in
St. Margaret's Bay were summarized by Chapman and Craigie
(1977). The onset of winter growth, as noted by Mann (1972b),
correlated with improved nitrate conditions in the sea. During
the winter, tissue reserves of nitrate reached 150 j.tM /g fres h
weight in March, which was'a concentration factor of approximately 28,000 over ambient (water) levels. Depletion of this
nutrient pool followed the disappearance of the external nitrate
with a lag period of up to 2 mo. Rapid kelp growth was
measured at this time. Reserves of organic nitrogen also reached
maximum values in March and declined slowly throughout the
summer into autumn . Accordingly Chapman and Craigie (1977)
suggested that the combined inorganic and organic nitrogen
reserves sustained rapid growth rates into July and reduced rates
through the late summer. Fertilization of an experimental kelp
bed with NaN0 3 increased the internal plant reserves of nitrate
and produced a much improved summer growth rate. The
enriched plants developed very small reserves of carbohyrate
dunng this period .
The role of carbohydrate reserves as a carbon source during
the seasonal growth of L. longicruris has been determined
(Chapman and Craigie 1978) . Seasonal variations in the levels of
laminarin and mannitol showed maximum value during late
summer. Minimum values occurred in February at the time
when growth rate were increasing rapidly. Erosion of the blades
in ",inter carried away much of the tissue containing carbohydrate reserve accumulated during the previou summer.
penmental reducllon of carbohydrate reserves by fertilization
",ith odium nitrate during the summer did not affect sub equent "'Inter growth rate~. Truncation of the plants in
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November significantly reduced growth rate. The lower rate of
growth wa~ attributed to a reduction in photosynthetic area
rather than a loss of storage product~. An additional de cription
of the annual carbon budget for L. lonRicruri5 in Sl. I 1argaret'~
Bay was given by Hatcher et al. (1977).
The seasonal patterns of nitrate uptake in L. longicruris were
determined by Harlin and Craigie (1976), based upon populations from St. Margaret's Bay. Their experiment suggested that
L. long/cruris was capable of using nitrate under winter conditions, and that it did not depend upon stored compounds for a
nitrogen source during periods of rapid growth, i.e., late winter
and spring. Discs were punched from the thin edges of L.
longicruris plants and they were subjected to external nitrate in a
series of concentrations under different light and temperature
regimes. The optimal rate of uptake, with summer material
(June and July) was 7-9 JLM /g dry wtlh at 15 °C and approximately 700 fc. At 5°C, uptake was 60%, and at O°C it was 40070
of that at 15°C. The uptake in the dark was 60-80070 of that in
the light. Algae pretreated for 12 h with antibiotics removed
nitrate from the medium at a rate of 84070 of the untreated
material. Nitrate uptake was inhibited in proportion to the concentration of nitrate in the medium. Further studies of nitrate
uptake by L. longicruris have been reported by the same investigators (Harlin and Craigie 1978).
The growth and production of L. longicruris are interrelated
with nutrients, water motion, and other parameters (Gerard and
Mann 1979). That is, measurements of internal inorganic
nitrogen (i .e., nitrite and nitrate) reserves and dry organic weight
indicated that low concentrations of dissolved nutrients in
summer and low levels of illumination in fall and winter were
more limiting to growth at exposed than sheltered sites.
The morphological differentiation of nondigitate Laminaria
populations from the North Atlantic was evaluated by Chapman (1973a, b), who found that the occurrence of long, hollow
stipes (the L. longicruris types) decreased with increasing
exposure. The differentiation of population~ in relation to
exposure was elinal with overlap in the variation patterns The
major taxonomic finding of the analyses was the lack of
nonoverlapping criteria by which L. agardhii and L. fong/crurlS
may be delimited. Subsequently, Chapman (l973b, 1974a) has
conducted heritability te ts between the two morphological
types within the Simplices section of Laminaria. The production
of fertile hybrids e tablished interfertility between populations
from the extremes of the morphological range. Reciprocal
Iran plantation experiments between exposed and sheltered sites
produced no significant change in tipe morphology. Quantitative genetic analysi of the degree of re emblance between
relati es indicated a high genetic component in the Interpopulation differentiation. Estimate of within-population heritabiht)
at the exposed Ite were low, perhaps because of intensi\ e local
stabilizing election which reduce genetic \'ariabilit).
The Inheritance of mucilage canal in Laminar/a, section
implice , from eastern Canada has alo been de,cribed b)
Chapman (l974b, 1975). A matri, of heritability test. hO\\cd
complete mterfertihty between all mucilage anal type, femle
F. hybrids beIng produced m all a. e~. Quanlltati\ e genetic
anal), is re\ ealed a large emlronmenta.l component in the
phenotypic \ anance of degree of mucilage canal de\t~lopm nt
Onl~ plant. from 0\ a eOlIa bred true \\ irh rl.: pct to muul
·anals. ThIS characteri,tlc \\ a. cconidered un uitabk f r t -
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punctures approached the tips of the blades, new ones were
made at the base. The blades behaved like moving belts of
tissue, eroding at the tips while growing at the bases, so that a
year's growth amounted to 1-5 times the initial length . Surprisingly, growth was most rapid from January to April, i.e., during
periods of short day length, low light intensity, and low water
temperatures. Conversely, it was slowest during July to October, when contrasting environmental conditions occurred.
The authors suggest that during the winter the plants are using
some of the dry matter stored in the summer as an en:rgy and
material source for part of their growth. Since winter is a time of
high concentration of dissolved nitrogen and phosphorous in
the sea, it seems possible that the plants are making some of
the;r new tissue by using a stored carbon source and taking up
nutrients from the seawater. This could obviously place them in
an advantageous position for making maximum use of sunlight
for photosynthesis in early spring.
The summer biomass of kelps in St. Margaret's Bay has a turnover of 4-1q times in the course of I yr (Mann 1972b). Mann
estimated that the annual production of kelps in St. Margaret's
Bay amounts to 603 g Cl m' averaged over the whole bay, 1,750
g Cl m ' averaged over the seaweed zone, or 648,000 g Clm of
shoreline. The approximate caloric equivalents were 6,030
kcall m' over the whole bay or 648 X 10' kcallm of shoreline.
Overall, the growth strategy of kelps seems to center around
their ability to carry out intensive photosynthesis in the summer,
as well as to store and mobilize carbon reserves during periods
of low light intensity (Mann 1973; Mann and Chapman 1975).
Such a growth strategy would greatly extend their growing
season and allow the plants to use the nutrients for growth during a time (winter) when the phytoplankton show slow growth
due to the lack of an energy source.
The seasonal fluctuation in dissolved inorganic nutrients, internal reserves of nitrogen, and growth rates of L. longicruris in
St. Margaret's Bay were summarized by Chapman and Craigie
(1977). The onset of winter growth, as noted by Mann (1972b),
correlated with improved nitrate conditions in the sea . During
the winter, tissue reserves of nitrate reached 150 j.tM/g fresh
weight in March, which was a concentration factor of approximately 28,000 over ambient (water) levels. Depletion of this
nutrient pool followed the disappearance of the external nitrate
with a lag period of up to 2 mo. Rapid kelp growth was
measured at this time. Reserves of organic nitrogen also reached
maximum values in March and declined slowly throughout the
summer into autumn. Accordingly Chapman and Craigie (1977)
suggested that the combined inorganic and organic nitrogen
reserves sustained rapid growth rates into July and reduced rates
through the late summer. Fertilization of an experimental kelp
bed with NaNO, increased the internal plant reserves of nitrate
and produced a much improved summer growth rate. The
enriched plants developed very small reserves of carbohyrate
during this period.
The role of carbohydrate reserves as a carbon source during
the seasonal growth of L. longicruris has been determined
(Chapman and Craigie 1978). Seasonal variations in the levels of
laminarin and mannitol showed maximum values during late
summer . Minimum values occurred in February at the time
when growth rates were increasing rapidly. Erosion of the blades
in winter carried away much of the tissue containing carbohydrate reserves accumulated during the previous surrUner.
Experimental reduction of carbohydrate reserves by fertilization
with sodium nitrate during the summer did not affect subsequent winter growth rates. Truncation of the plants in

species of nori used in the Orient, with its desirable flavor
resulting from a high concentration of isofloridoside and several
free amino acids. The life history of P. linearis was completed in
culture through five generations (Bird et al. 1972). Conchosporangia formed at 5 0 -20°C, but release of conchospores
began only at 13 °C and continued at a slower rate at 5°C. The
conchocelis phase was long lived despite continuous sporulation
and attrition. Variations in ability to shed conchospores indicated the existence of different strains of conchocelis. Additional details regarding the life history and ecology of in situ
populations of P. linearis were summarized by Bird (1973) .
A detailed account of sexual reproduction in P. gardneri was
recently summarized by Hawkes (1978). He observed fertilization and diploid chromosome numbers in the carpospores and
vegetative cells of the conchocelis phase, which was the first unequivocal evidence for sexual reproduction in Porphyra.
Hawkes (1977a, b) further summarized a variety of field ,
culture, and cytological studies of P. gardneri.
The growth of detached P. umbilicalis in a flowing seawater
system at the Marine Plant's Experimental Station near
Miminegash, Prince Edward Island, Canada, was reported by
McDougall (1974). In one experiment, detached specimens gained 1070/0 weight (wet) during 42 d, showing that P. umbilicalis
could be successfully cultured as unattached plants. Several
small rocks bearing attached reproductive plants were also
cultured in shallow tanks (18 in deep) with running seawater.
The tanks were drained each day, leaving the plants exposed to
air fo r about 4 h, approximating the conditions prevailing in
nature. Porphyra umbilicalis grew well under these conditions,
almost doubling in length in 42 d. Furthermore, small plants
developed on the rocks, suggesting the potential use of various
substrata for the growth and transfer of sporelings as is done
with the Japanese nori industry (Mathieson 1975; Korringa
1976).
A variety of other studies dealing with the life histories
(Hollenberg 1958; Krishnamurthy 1969a, b; Bourne et al. 1970;
Chen et al. 1970; Conway and Cole 1973; Mumford 1973a, b,
1975 ; Kapraun and Luster 1980), taxonomy (Krishnamurthy
1969a, 1972; Mumford 1973a, b, 1975; Conway 1975; Conway et
al. 1975), ecology (Edelstein and McLachlan 1966; Mumford
1973a), and cultural perspective-significance (Williams 1979) of
Porphyra have been conducted in North America. As noted
earlier, such studies may ultimately aid in the utilization and
development of such marine plant resources.

Laminaria
In contrast to the substantial production of Laminaria in
China (Cheng 1969) and Japan (Hasegawa 1976), this species is
not cultivated commercially in North America, presumably
because there is little market for its product (e.g., kombu).
However, there is considerable interest in its ecology and productivity because of the plant's major role in nearshore
ecosystems. Much of the recent work on Laminaria in North
America and Europe (Boden 1979; Kain 1979; Luning 1979) has
direct applications to its potential mariculture and resource
management, and will be reviewed herein.
The productivity and growth strategy of L. digitata, L.
longicruris, and Agarum cribrosum were studied in St. Margaret's
Bay, Nova Scotia (Mann 1972a, b, 1973; Mann and Chapman
1975). The growth of individual plants was measured periodically
for 2 yr by recording the distance between holes that
were initially spaced at 10 cm intervals along the blades. As the
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ovember significantly reduced growth rates. The lower rate of
rowth was attributed to a reduction in photosynthetic area
ather than a loss of storage products. An additional description
f the annual carbon budget for L. longicruris in St. Margaret's
ay was given by Hatcher et al. (1977).
The seasonal patterns of nitrate uptake in L. longicruris were
etermined by Harlin and Craigie (1976), based upon populaions from St. Margaret's Bay. Their experiments suggested that
. longicruris was capable of using nitrate under winter condiions, and that it did not depend upon stored compounds for a
nitrogen source during periods of rapid growth, i.e., late winter
nd spring. Discs were punched from the thin edges of L.
longicruris plants and they were subjected to external nitrate in a
series of concentrations under different light and temperature
egimes. The optimal rate of uptake, with summer material
(June and July) was 7-9 ,.MIg dry wtlh at 15 DC and approx'mately 700 fc. At 5 DC, uptake was 60070, and at 0 DC it was 40%
of that at 15°C. The uptake in the dark was 60-80% of that in
he light. Algae pretreated for 12 h with antibiotics removed
nitrate from the medium at a rate of 84% of the untreated
aterial. Nitrate uptake was inhibited in proportion to the concentration of nitrate in the medium. Further studies of nitrate
uptake by L. longicruris have been reported by the same investigators (Harlin and Craigie 1978).
The growth and production of L. longicruris are interrelated
r:th nutrients, water motion, and other parameters (Gerard and
!v~ann 1979). That is, measurements of internal inorganic
nitrogen (i.e., nitrite and nitrate) reserves and dry organic weight
Indicated that low concentrations of dissolved nutrients in
summer and low levels of illumination in fall and winter were
bore limiting to growth at exposed than sheltered sites.
The morphological differentiation of nondigitate Laminaria
populations from the North Atlantic was evaluated by Chapan (1973a, b), who found that the occurrence of long, hollow
tipes (the L. longicruris types) decreased with increasing
xposure. The differentiation of populations in relation to
xposure was clinal with overlap in the variation patterns. The
ajor taxonomic finding of the analyses was the lack of
nonoverlapping criteria by which L. agardhii and L. longicruris
ay be delimited. Subsequently, Chapman (1973b, 1974a) has
conducted heritability tests between the two morphological
types within the Simplices section of Laminaria. The production
of fertile hybrids established interfertility between populations
from the extremes of the morphological range . Reciprocal
transplantation experiments between exposed and sheltered sites
produced no significant changes in stipe morphology. Quantitative genetic analysis of the degree of resemblance between
relatives indicated a high genetic component in the interpopulation differentiation . Estimates of within-population heritability
at the exposed site were low, perhaps because of intensive local
stabilizing selection which reduces genetic variability.
The inheritance of mucilage canals in Laminaria, section
Simplices, from eastern Canada has also been described by
Chapman (1974b, 1975). A matrix of heritability tests showed
complete interfertility between all mucilage canal types, fertile
F\ hybrids being produced in all cases. Quantitative genetic
analysis revealed a large environmental component in the
phenotypic variance of degree of mucilage canal development.
Only plant from ova Scotia bred true with respect to mucilage
canal . Thi characteri tic was considered un uitable for taxonomic and biological specie determinations, though there \\as
evidence for intraspecific genotypic differentiation in orne
ova Scotian population. Li.ining et al. (19 ) conducted cro -

ing experiments in the nondigilate c mple of Lammona fr m
both sides of the Atlantic . Lammuna longl nms from
\
Scotia and two forms of European I . 0 channa were ucessfully crossed. Parental and hybrid porophy1
were
cultivated in the sea near Helgoland, \\ here the> reached m
imum frond lengths of 40-120 cm. her 7 mo all e penmental
plants were nonsporogenous and were remO\ eel from the ea
The authors di cussed a vanety of obsen alion on genelJ all)
fixed traits and problems of the relatiomhir bet\\een n ndigitate Laminana forms from the eastern and \\e tern Ide of
the North Atlantic Ocean.
A quantitative genetic analysis of alginate content In 1.
longicruris was conducted by Chapman and Doyle (1979), In
order to partition the plant's phenotypic \ariance Into genetic
and nongenetic components. Regres Ion anal) I of mean offspring on midparent values and artificial selection were u~ed to
estimate heritability and realized heritabilit y, respectivel). Both
estimates showed that there was a low additive genetic comronent in the phenotypic variance and that a simple ma~s selectIOn
program would produce a very small genetic response.
A summary of the experimental and numerical taxonomy of
the Larninariales was given by Chapman (1978). He de\cribeel
crossability tests, transplant expenments, standard laborator)
cultivation, and quantitative genetics of the Lammariales, much
of which is relevant to the genetic improvement of kelp and
their ultimate mariculture. In most cases the crossability tc
showed relatively easy hybridization between taxa ha\ ing clo e
orthodox taxonomic affinities. Conversely, distantly related
taxa, in a classical taxonomic sense, sho\\ed little or no
hybridization. In the same way, transplant expenment ha\e
demonstrated that some closely related taxa were the phenotypic
manifestations of plastic responses to diverse habitats
The destructive grazing of kelp beds by common green urchins, Strongylocentrotus droebachiensis, and its relation hip
to lobster, Homorus american us, abundance have been reported
in Nova Scotia (Mann and Breen 1972; Breen and ;\Olann 1976a,
b; Mann 1977). As in other geographical area ( orth 1971) ea
urchins have a major effect on the abundance of kelp , ~ well
as on preventing the return of kelps with contmued ea urchm
settlement. Lobster harvesting was shown to have mterrelated
effects on the abundance of kelps. For example, in one Ite In t.
Margaret's Bay, the abundance of lobsters decreased by nearh
50% in 14 yr. The lobster is a major predator of ea urchm ,and
during the past 6 yr (1970-76) the sea urchm~ ha\ e d troyed
70% of the beds of Lammaria spp. in the area. A the kelp bed
are destroyed, their high primary prodUCtlVlly I 10 t (Mann
1972b), which will cau e sub lantial chang at higher trOPI
levels. The authors suggest that a management program rna be
required to increase the abundance of lob te~ In order to pro
teet the remaining kelp-bed commumUes.
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1974, 1976; Lobban 1975, 1977, 1978b; Schmitz and Lobban
1976; Whyte and Englar 1976b, 1978; Fankboner and de Burgh
1977; Schmitz and Srivastava 1979a, b; Wheeler 1980a, b), and
nutrient uptake (W. Wheeler 1976,1977; Jackson 1977a, b; North
and Wheeler 1977; P. Wheeler 1977, 1979) should be consulted, as
they also contribute substantially to our understanding of the
plant's biology, management, and potential mariculture.
The southern California kelp beds, Macrocystis pyrijera,
have undergone a rapid deterioration since 1940, the kelp crop
being at an all-time low in the early 1960's (North 1971, 1976;
Branning 1976). An extensive study was conducted by North
and his associates from 1956 to 1962 to determine the cause of
this decline (North 1971). Their studies indicated that many
fomler kelp areas had become dominated by populations of
small purple urchins, Strongylocentrotus purpura Ius, which
grazed seaweeds and exhibited a preference for M. pyrijera. In
addition, a decline in an important predator of the sea urchin,
the sea otter, was documented (Leighton 1962; Leighton et al.
1966). In 1962, the Kelp Habitat Improvement Project was initiated (North 1972c, 1973) in order to control urchin populations and to restore the vanishing kelp beds. The fust large-scale
urchin control experiments at Point Lema, Calif., were very
successful. However, similar experiments at other sites met with
varying success. A number of factors influenced the outcome of
a given urchin-control operation. For example, juvenile M .
pyrijera plants did not appear in abundance unless a stand of
adult plants occurred near the area cleared of urchins. Kelp
spores can only propagate the species within a few hundred feet
of an established stand (Anderson and North 1966, 1967). Eventually only the urchins close to adult M. pyrijera plants were
removed, allowing juvenile plants to proliferate. Thus, urchin
control was primarily initiated around the periphery of the beds,
gradually permitting the colony to expand.
A detailed description ot the Macrocystis cultivation programs, developed during the Kelp Habitat Improvement Project
studies, was given by North (1972b, c, 1973, 1974, 1976, 1979b).
He emphasized that a natural evolution of mariculture techniques occurred during their programs. Initially, transplant

distribution, abundance, and phenology of the kelps are interrelated with their differential tolerances to temperature and
salinity. Axenic culture techniques were perfected (Druehl and
Hsiao 1969) to evaluate the control of gametogenesis (Hsiao and
Drueh,l1971, 1973a, b,; Hsiao 1972) by such factors as light, different culture media, nutrient content, and halogen concentration. Furthermore, the in situ development of gametophytes and
young sporophytes of L. saccharin a was described (Hsiao and
Druehl 1973c). Zoospores were labeled with fluorescent stain
(calcofluor white), cultivated, and recoved (examined) at frequent intervals. The gametophytes produced gametes
throughout the year. However, the production of macroscopic
sporophytes appeared to be limited by survival of microscopic
sporophytes, particularly during the summer. Macroscopic
sporophytes were evident during the late winter and autumn.
In addition to the references summarized above, the reader
should consult the extensive review of Laminaria given by Kain
(1979). She summarized information on the taxonomy and
distribution, life history, structure, physiology, and ecology,
much of which is relevant to the future mariculture and resource
management of this plant.

Macrocystis
Macrocystis is one of the most important natural resources on
the Pacific coast of North America, for it is both a major source
of alginic acid and a significant component of the nearshore
kelp bed community. In addition to North's (1971) extensive
monograph on the plant, several recent papers dealing with the
growth (Neushul et al. 1972; North 1972a; Coon 1974; Coon
and Wheeler 1976; Neushul et al. 1976; Jackson 1977c; Neushul
1977 In press; Neushul et al. 1977; Lobban 1978a, c; Coon 1981),
reproduction (Chi and NeushulI972; Gherardini and North 1972;
Neushul 1974, 1977; Sanbonsuga and Neushul 1978, 1979, In
press), ecology (Charters 1974; Harger et al. 1974; North 1974;
Pace 1974; Rosenthal et al. 1974; Foster 1975a, c; Harger 1976,
1977; Pearse and Hines 1977a, b; Rhoades 1977; Devinny and
Volse 1978; Luning and Neushul 1978), physiology (Wheeler

Kelco's kelp-harvesting boats in a southern California kelp forest. Photograpb by A. Mathieson.
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techniques were attempted with large Macrocystis plants (North
1964), particularly in areas where the giant kelp had vanished
completely. Such transplants were very laborious and often
frustrating, for many plants did not survive. In some cases, the
transplants were too small to achieve ecological stability, due to
heavy urchin and fish grazing. North (1976, 1979b) summarized
his transplanting techniques for macroscopic plants, including
descriptions of the anchoring systems used, transporting procedures, and optimum plant size for viable transplants. He indicated that in one joint effort with Kelco Corporation (a kelpharvesting company in San Diego, Calif.), approximately 20,000
juvenile kelp plants were transplanted and installed to
repopulate one kelp bed in La Jolla.
Ultimately, mass culture techniques were developed which incorporated the use of microscopic sporophytes as seed for
natural reforestation (North 1972b, 1974, 1976). One very successful technique used in the program involved the attachment
of spores on strips of polyethelene fIlm 8.5 m long, folded in
pleats so as to fit in a refrigerated aquarium with a dense inoculum of spores. After the spores had settled on the film for
several days and developed as gametophytes, the fIlm was
transferred to a sloping tray with a swiftly flowing seawater
source. Juvenile sporophytes were produced after only 1-2 wk
because of enhanced growth due to the vigorous water motion.
The external surfaces of the sporophytes are sticky. Accordingly, sporophytes can be scraped off the polyethelene strips and
immediately dispersed in the sea, or if necessary, held in culture
prior to dispersal if aerated and kept in suspension. North (1973,
1976) estimated an average survival rate of 11100,000 with the
present techniques. Consequently culturing techniques were
developed to produce billions of sporophytes very inexpensively.
He emphasized that the seeding techniques should be
economically feasible for use in the United States, with its high
labor costs.
A number of factors were shown to influence the sporophyte
dispersal operations, including seasonal variability of the seed,
turbidity, sedimentation of rocky surfaces, and the age and
amount of seed'used (North 1976). The summer and fall were
the poorest seasons for dispersing sporophytes. Unfortunately a
considerable length of time (3-4 mo) was required before the
success of a seeding experiment could be evaluated. An additional 6-9 mo must elapse before a juvenile kelp develops sufficient canopy to be visible.
A variety of other transplant techniques were attempted
(North 1972b, 1973, 1976), including the growing of juvenile
kelps on plastic (PVC) rings (\1.1-12 inches in diameter), which
could be attached to a rocky bottom by epoxy resin. The
method involved considerable labor so it was used only in
special circumstances. For example, such techniques were
employed to select for heat-tolerant strains. Such strains exist
primarily in southerly regions. They showed good potential as
transplants to areas where heated discharges were produced
from coastal generating stations (North 1971), thus creating kelp
beds with considerable immunity to thermal effects.
Devinny and Leventhal (1979) have also outlined several new
methods for the mass culture and dispersal of juvenile M.
pyrifera sporophytes. Basically, they have attempted to reduce
costs for laboratory space, refrigeration, and water flitration,
i.e., as compared to those previously developed by North
(1976). In addition, diatom contamination was successfully controlled by washing cultures with turbulent seawater.
Other summaries of the kelp restoration program in southern
California have been given (Wilson et al. 1977, 1979). The latter

investigators suggested that although techniques have evolved to
the point where it is possible to strongly influence competing
vegetation and sea urchin populations, the ultimate success of a
kelp restoration effort will be the identification, protection, and
maintenance of a healthy environment.
As noted in the section dealing with Marine Biomass, there
has been a rapid enhancement of techniques for the domestication of M. pyrifera (NeushuI1977, In press). Even so, there are
several priority areas necessary for the mariculture of the giant
kelp, including selective breeding of fast-growing strains, the
storage of germ plasm of genetically identical progeny, and a
detailed understanding of the recruitment and loss of juvenile
stages. With respect to the first two priorities, a greenhouse and
tank complex at the University of California at Santa Barbara
have been perfected (Neushul 1977, In press; Neushul et al.
1977; Charters and Neushul 1979) where it is possible to raise
kelp sporophytes to reproductive maturity and to make controlled crosses. With such a system various crosses can be initiated
and their progeny raised to verify and evaluate the heritability of
growth characteristics. Intergeneric hybrids have been established between M . pyrifera and Nereocystis leutkeana and between
M. pyrifera and Pelagophycus porra (Sanbonsuga and Neushul
1978, 1979, In press). In each case the hybrids were very different from either parental types. Neushul (1977, In press) has
further suggested that while the implications of intergeneric
hybridization are not yet fully appreciated, the ability to produce these plants implies that Macrocystis itself, when known

Seaweed cultivation facill!) at Unher;it) of Oilifom... iOla Barban.
sho"ing • close-up of kelp culti,ation in • long. /'Klangular t.n~ ..ith •
"water-broom" aenltion unit. Pbotognlpb b) 4. \lathle>On
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Cultivation of Eucheuma uncinatum at University of California, Santa Barbara. Photograph b} A. Mathieson.

of nitrate-N, as well as ammonia and phosphate, varied with
light intensity and nutrient concentration. P . Wheeler (1977)
summarized further infonnation on ammonia-N uptake rates in
M. pyrifera.
The growth of M. pyrifera is limited by the availability of certain nucronutrients (North 1977c). Renewal of nutrients other
than nitrogen and phosphorous probably depends on runoff
and local regeneration from decomposition processes. According
to North, M. pyrifera increased its nitrogen content when
transferred to nitrogen-edriched media, which suggested a
storage function. Thus, lertilizing strategies should consider
these characteristics, and certain classes of limiting
micro nutrients might best be dispersed continuously while
others applied only as needed. North further emphasized that
caution must be used when delineating the nutritional quality of
seawater by inorganic nitrogen, for micronutrients may be
limiting. That is, experiments have shown that growth rates of
juvenile Macrocystis sporophytes in seawater are greatly
stimulated by proper nutrient enrichment (North 1977a, b). Fertilizing programs should foster the production of commercial
kelp farms (North and Wheeler 1977).
Further descriptions of the growth of M. pyrifera have been
given by Jackson and North (1973), Bryce (1977), Flowers and
Bryce (1977), Jackson (1977c, 1980), Neushul (1977, In
press), and Hart et al. (1979) in the section dealing with Marine
Biomass. A variety of biological, technical, and cultivation infonnation is summarized by the above investigators, in order
to evaluate the production potentials of methane from kelp
biomass.
A Sea Grant project by J. Pearse at the University of California, Santa Cruz, evaluated the population dynamics and interactions within the giant kelp forests off the central California
coast. One of the major differences between the central and
southern California kelp beds, other than hydrographic variations, is the presence of sea otters in some of the central California forests (e.g., the Hopkin Marine Life Refuge) and their imminent establishment in others (e.g., Santa Cruz). Basically,
Pearse and associates studied the productivity of the giant kelp
(Towle and Pearse 1973), as well as the population dynamics of

varieties are crossed and the progeny grown, will be amenable to
genetic marupulation. In addition, it has been possible, using appropriate culture conditions, to maintain Macrocystis
gametophytes for prolonged periods in culture vials, thereby
providing a means of stockpiling genetic strains as a gene bank.
Several fouling-plate studies have been conducted to evaluate
the in situ growth, recruitment, and survival of seaweeds, including M. pyrifera (Harger et al. 1974; Neushul 1974, 1977;
Harger 1976; Neushul et al. 1976). The fouling plates were
horizontally positioned to concrete parking bumpers and attached
on the ocean floor ( - 12 m); they were periodically taken from
the sea, subjected to nondestructive microscopic survey in the
laboratory, and then replaced in the ocean in order to quantify
the growth and reproduction of seaweed populations. Neushul
et al. (1972) made direct microscopic observations of algal spores
under natural conditions by taking a microscope into the sea
that was equipped for incident light and high magnification.
The techniques of outplanting and microscopic examination in
the laboratory and field should provide detailed understanding
of the in situ biology of seaweeds such as M. pyrifera.
The interrelations of nutrients and productivity with M.
pyrifera were determined by Jackson (1977a, b). The most
limiting condition for M. pyrifera was the low concentration of
dissolved nutrients, especially nitrogenous substances.
Translocation of nitrogenous compounds by the kelps from
depths where concentrations were higher compensated for this
limitation.
Other accounts of nutrient uptake kinetics in M. pyrifera have
also been summarized. Haines and Wheeler (1977) showed that
M. pyrifera exhibited saturable kinetics for nitrate-N. Ammonia
uptake showed saturable kinetics at concentrations below 22
pM; at higher concentrations the uptake increased linearly.
Nitrate and ammonia were taken up simultaneously; the
presence of one fonn had no effect on the other. According to
W. Wheeler (1976, 1977), the photosynthetic rates of
Macrocystis increased in situ as the rate of water flow increased
from 0 to 6 cm/s. The development of a turbulent boundary
layer adjacent to the blade at such low water velocities was
enhanced by the corrugate morphology of the blade. The uptake
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cultures were included as a final phase in the system (Haines
1975; Haines and Monahan 1976; Roels et al, 1976a, b; Haines
and Wheeler 1977), In order to recover some of the nitrogen
losses from the system and to reduce a potential environmental
hazard, the carrageenan-producing red alga Hypnea musciformis was grown very successfully in the effluent from shellfi h
tanks, Hypnea grew five times faster in the shellfish tank effluent than in unaltered deep seawater and about three times
faster than in surface seawater (Roels et al, 1976a). The seaweed
grown in the effluent doubled its weight every 60 h (Haines
1975), The average ammonia-N utilized by the seaweed was
511110, varying between 41 % in one study (Roels et al, 1976a) and
61 % efficiency in another study (Roels et al. 1976b), Higher efficiency of arnmonia-N utilization would be possible if a slower
turnover volume were employed, i,e., < 95/d, A variety of other
details regarding the growth of H. musciformis in the artificial
upwelling system at St. Croix (Haines 1975) were given in the
section dealing with Hypnea,
Economic seaweeds were employed in the deep-water upwelling mariculture system, in order to reduce its costs (Roels et al,
1976a) , For example, the potential yield of H. musciformis
alone would be 165 tons dry wt/ha per yr; at $650/ton this would
represent a yield of $107,250/ha per yr.

important invertebrate grazers and their predators (Pearse and
Hines 1977a, b). A detailed description of the densities, sizes,
and distribution of abalones and sea urchins , as well as the
spatial distribution of grazing 'snails, was summarized (Lowry
and Pearse 1973; Lowry et al, 1974), Pearse's studies have provided a unique opportunity to document changes in kelp bed
communities (e,g" Santa Cruz) after the reestablishment of an
important carnivore-the sea otter (Pearse and Hines 1977a).
Such studies will ultimately provide the information needed for
predictive manipulation of the complex interactions within kelp
forests. For example, the giant kelp provides the major trophic
base, particularly in the form of debris (drift) and detritus, for
many animals within the kelp forest, including economically important species such as abalone and crabs,
The potential use of NASA-LANDSAT data to make annual
evaluations of the sea otter-urchin-kelp relationship was outlined
by Rhoades (1977), He suggested that an annual census of the
kelp canopy in California could be prepared to evaluate the
stability and resilience of all kelp beds from Point Sur to Diablo
Canyon.
A variety of studies were recently initiated in British Columbia, Canada, in order to enhance the management of M. integrifolia (Druehl 1977, 1978, 1979; Druehl et al . 1977). The
species is restricted to regions having little seasonal variation of
temperature and salinity or sites where the lower salinities occur
during the winter (Druehl 1978), A provision of substrata adequate for the giant kelp but inadequate for herbivorous invertebrates , such as urchins and turbon snails, allows the
establishment of new beds, The distribution of photosynthetically fixed carbon, respiratory requirements, exuded
dissolved carbon, and detritus were determined (Druehl 1978),
As a result, the standing crop of M, integrifolia was circumscribed
in terms of total biomass, pigments, carbon, nitrogen, and
alginic acid, Major invertebrate and vertebrate inhabitants of
the kelp beds have also been defined, as well as the food chains
originating from M, integrifolia (Druehl et aI. 1977). Druehl
(1979) emphasized that an understanding of the total ecology of
giant kelp beds in British Columbia was necessary for continued
management of this valuable natural resource,

Marine Biomass
The Office of Technology Assessment of the U.S. Federal
Government conducted a feasibility study, "Energy From
Marine Biological Processes," at the request of the Senate Committee on Commerce (Committee on Commerce, Science, and
Transportation 1980). The study, which was also referred to as the
"Energy From Marine Biomass," addressed a variety of topics as
follows: 1) The potentials for specific seaweeds as biomass producers; 2) the status of the technology of ocean farming; 3) the
status of marine plant culture research; and 4) regulatory, environmental, and social impacts. In addition to the above investigation, several other studies have also evaluated the potentials
of seaweeds for marine biomass production and/ or the conversion of marine biomass to methane (Jackson and North 1973;
Leese 1976; Bryce 1977; Flowers and Bryce 1977; Goldman and
Ryther 1977; Krauss 1977; Mitsui et al. 1977; Neushul 1977, In
press; Anonymous I978c; Hruby 1978; Michanek 1978; North
1978, 1979b; Hart et al, 1979; Committee on Commerce, Science,
and Transportation 1980; Doty In press b; Jackson 1980; Rao et
al, 1980; Hanisak 1981), Some of the major conclUSIOns of
these investigations are given in the subsequent paragraphs of this
section.
An extensive review of the problems and potentials of marine
biomass production through seaweed aquaculture was given by
Jackson (1980) and Jackson and North (1973). The) emphasized the need for more basic physiological and ecological information in designing seaweed aquaculture systems, panicularly modeling evaluations. For example, little is known about the
interactions of high temperatures and low nutrient concentrations, two factors that could be separately controlled in an
aquaculture facility. A simple model was presented whIch suggested that yields of the giant kelp, Macrocystis pyrtjera, could
be increased 50% by increasing water temperatures 10
Observations about the size and type of culture facilities were
also reviewed by Jackson and orth (1973) . The) uggested that
a closed system would require an exchange of water atleasl once
per day, as slower exchange rates .... ould lead to carbon depletion by seaweeds and unwanted ph)toplankton accumulation.

SELECTED MARICULTURE PROGRAMS
This section describes the growth and potential benefits of
seaweed populations in three mariculture programs, That is, the
mariculture of several economically important seaweeds is
described at the artificial upwelling system in St. Croix, U.S.
Virgin Islands, as well as in association with the Marine Biomass
Program and several polyculture waste-recycling projects.

Artificial Upwelling Systems
The improvement of seaweed growth by supplying nutrientrich deep water from an artificial upwelling system should be
cited as a good technological application in mariculture. A
detailed description of an artificial upwelling site at St. Croix,
U.S, Virgin Islands, and its application to mariculture was summarized (Roels et al. 1970; Roels et al. 1971; Roels 1975;
Sunderline et al, 1975; Sunderline 1976), Basically, nutrient-rich
deep water (870 m) was pumped into ponds (45,000 liters) where
phytoplankton were grown as food for ftlter-feeding shellfish.
The deep water employed in the mariculture system was free of
pollutants, parasites, diseases, and predators, In addition to the
primary unialgal culture system described above, seaweed
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method for \ccding M . p)'rtjera on natural ub\tfata in the~,
North (1976) has ulrcudy IIJ.lde u)flslderahle progr
In Ihi~ area .
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A I'ariet) of other Infomlution on marine bioma \a ummarized at a recent conference entitled "The EconomiL and
Engineering of Large-Scale Igae Biom~ ) tem ." held at the
Mas achusetts Institute of Technology during JanuaT)' 19 .
The conference reviewed the tate 01 the an on vadou marine
biomass systems (Anonymous 197 b).
synopsi of the
workshop on fuels from manne bioma pointed out that I,
there was potential error in extrapolating today' mall y terns
to the prOjected 100 mi' farm becau e of the relatively primItive
state of the an in mass culture of algae; 2) the de igning,
building, and operating of a large algal biomass y tem olely
for the energy product would be prohibimely expen ive based
on current knowledge of mass algal culture and e.xtrapolations
from this knowledge; also, such a system would pro\oke considerable environmental concern, because of competing uses for
land and water; 3) for very large systems, pro\iding the required
nutrients would be the major engineering and cost problem; 4)
basic research in genetic engineering would be needed to obtain
additional valuable end products, such as feedstocks and protein, in addition to energy, as economic justification of mass
culture; 5) small, I-mi' systems using sewage sludge as nutrients
may merit further study; 6) the advantages of disposing of
undesirable sewage sludge may, in site-specific cases, make

Carbon concentrations can be regulated by bubbling carbon
dioxide through the system, but it would be prohibitively expen
sive. Oceanic culture facilities would have to be I km or more in
length, jf the nutrients were to be efficiently used by the desired
seaweed. However, if an oceanic system becomes too large, its
flushing requiremen ts would be similar to those of a closed
system.
Additional information regarding the selection of the giant
kelp, M. pyn!era, for possible cultivation on offshore manne
farms has been summarized (Jackson and North 1973). The major advantages of M, pyrijera, as abstracted from Hower and
Bryce (1977), are as follows: I) The giant kelp is ea ily cultured
and has a relatively simple hfe cycle; 2) AI. pyn!era is sufficiently
tough to resist rough water conditions and han'esting strc e~; 3)
the size of the adult plant IS substantial. approximately 60 m.
and it requir s a minimum of supporting struc( ure tor it
cultivation; 4) /\1. pvrijera make maximum utilization of
sunlight at the surface and is therefore relatiyely effiCient at capturing solar energy; 5) the morphology ot the giant kelp ullo\\s a
portion. at the surface, to be han'ested. lea\ing the remamder to
replace lost tIssue, thus replanting after harvest is nnt rCQuired;
6) the flotation mechanism of .'1-1 pryifera facilitate mechanical
hanesting . Three critical con ideration' involved in ulti\utlon
of M. p~'fijera are growth substrata. nutrient suppl~, and
han'esting
The Em:rgy From Marine Biomass program ha as it 01 crall
goal the de termination of the technical and economic feasiblltty
of a commercial-sized system for the production of methane
from kelp biomass (Anonymous I977c; Flower and Bf) e
1977), MacrocystlS could be cultivated on artificial ub trata in
the open ocean and harvested and converted b} biological or
physical/ chemical processes into substitute natural gas. Rc idual
by-products of commercial value would be separated, further
processed, and used for feed and fertilizer.
A quarter-acre module (QAM) marine farm has been deSigned to demonstrate the feasibility of growmg and han csting
giant kelp in the open sea (Flowers and Bryce 1977). The marine
farm would be moored in a minimum of 500 ft of water, approximately 5 mi offshore from Corona Del Mar, Calif. A
substratum structure, consisting of a tension grid system, was
selected for the marine farm. This system is a net like unit hal ing
discrete, flexible cable members which are capable of supporting
loads by axial tension. Flowers and Bryce summarized two
general approaches for the conversion of Macrocystis to
methane: Anaerobic digestion and hydrogasification. Since
anaerobic techniques are fairly well defined, while processes for
hydrogasification of biomass are just now being investigated,
the program emphasis is placed on biological conversion. Further details regarding methane generation and the different
phases of the Energy From Marine Biomass program are summarized. Prelimianary approximations indicated that the costs
of methane from Macrocystis biomass would be in the same
range as gas produced by coal gasification.
The domestication of M. pyrifera as a marine plant biomass
producer was discussed by Neushul (1977, In press). He emphasized that preliminary research in the use of seaweeds as collectors of energy is underway (Jackson and North 1973), and
with improved techniques, progress in domestication will be
rapid. Of particular importance will be the long-term storage of
germ plasm or single-cell isolates (gametophytes) of genetically
identical progeny, similar to that described by Saga et aI. (1978)
for clones of single isolated cells of Laminaria. A number of
other problems exist, including the necessity to improve the
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energy production commercially viable. An opportunity brief
summarizing many of the above described economic and
engineering considerations associated with algal biomass energy
systems was recently publisheo (Anonymous 1978c),

marized by Ryther (1975, 1977). Successful cultures of
unicellular algae and seaweeds were sustained for several
months with only minor problems. Algal yields and nitrogenremoval capacity varied seasonally by threefold to fourfold and
appeared to be primarily controlled by solar radiation. The
combined unicellular algae-shellfish-seaweed system was
capable of completely removing nitrogen from wastewater effluent within an area of 48 acres. Ryther estimated an annual
production of 183 tons of oyster meat (38,000 bu of whole
oysters), 3,350 tons (wet weight) of seaweeds, and undetermined
quantities of flounder and/or lobsters per treated effluent of
10,000 people. The seaweed system alone was capable of complete nitrogen removal in an area of 60 acres with an annual production of 16,300 tons wet weight. The above figures were for
year-round operations such as would be possible in tropical to
semitropical climat("s. Operation of the system in temperate
climates would be possible within the same areas but only on a
seasonal basis (approximately 6 mo), with one-half the above
yields.
The removal efficiencies (i.e., stripping potentials) and algal
bioassay procedures employed for inorganic nitrogen removal in
a combined tertiary treatment-marine aquaculture system at the
Environmental Systems Laboratory have been described
(Goldman, Tenore, Ryther, and Corwin 1974; Goldman,
Tenore, and Stanley 1974). A prototype facility consisting of
growth containers for marine algae, oysters, and seaweed, joined in a series, was fed secondarily treated wastewater diluted 1:4
with seawater for 11 wk. During this time, 95070 of the intluent
inorganic nitrogen was removed by algal assimilation. The
oysters in turn removed 85 % of the algae, but regenerated
16-18% of the original nitrogen contents of the algal cells as
soluble ammonia. All of the regenerated nitrogen was removed
by the seaweed system so that the total inorganic nitrogen
removal efficiency was 95%. Phosphorus removal, on the other
hand, was less efficient, as only 45-60% was removed. The algal
bioassay studies (Goldman, Tenore, and Stanley 1974)
demonstrated that nitrogen removal was necessary to prevent increased algal growth of coastal marine waters receiving

Polyculture
Several recent experiments involving the growth of unattached economic seaweeds have been conducted in the outdoor mass
culture facilities (tanks, raceways, and ponds) of the Environmental Systems Laboratory of Woods Hole, Mass., and of
the Harbor Branch Laboratories in Fort Pierce, Fla. (Ryther et
aI. 1972; Anonymous 1973a; Fralick 1974; Goldman, Tenore,
Ryther, and Corwin 1974; Goldman et aI. 1974; Prince 1974;
Ryther 1975, 1976, 1977; Ryther et aI. 1975; DeBoer, D'Elia,
and Lapointe 1976; DeBoer and Lapointe 1976; DeBoer, Lapointe, and D'Elia 1976; DeBoer, Ryther, and Lapointe 1976;
D'Elia et aI . 1976; Lapointe and DeBoer 1976; Lapointe et aI.
1976; DeBoer et aI . 1977; DeBoer and Ryther 1977; Nicotri
1977; Hanisak et aI . 1979; Ryther et aI. 1979; Stenberg 1979).
Basically the studies incorporated seaweeds as well as
phytoplankton in a waste-recycling marine polyculture system,
which also included fish and shellfish (Ryther et aI. 1972; Ryther
1975, 1976, 1977; DeBoer, Ryther, and Lapointe 1976; Fralick
and Ryther 1976). Such a system has the potential of removing
inorganic nutrients from treated sewage effluent, prior to its
discharge into the environment, and recycling these nutrients into commercially valuable products. The basic concept of the
system is to involve three or more cultured organisms. For example, unicellular marine algae can be grown in ponds with a
continuous flow of mixtures of seawater and secondarily treated
sewage effluent. The unicellular algae are then fed to shellfish in
order to remove nutrients from the wastewater. Finally the effluent from the shellfish cultures passes through tanks containing seaweeds, which remove the dissolved nutrients regenerated
by the animal cultures before the final effluent is discharged.
A preliminary account of the pilot plant waste-recycling
marine aquaculture system at Woods Hole, Mass., was sum-

Seaweed culture tanks at the Environmental Systems Laborntory, Woods Hole Oceanogrnphic Institute, Woods
Hole, Mass. Photogrnph by D. Cheney.
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~inter . By mid-December the production rate lor I. tlkva
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mained viable with a productIon rate of 6 g dry y.l/m' pe
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radIation ~ere presumabl) optimal lor seaweed ge
(DeBoer, I apolOte, and D'E.ha 1976), production hoy.ed
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likvahlae, respectIvely
The mean annual dr) weIght production for} . baIleyl v.
g/m' per d (63 tlha per T) \crsu <) glm l per d (33 tlha
for G. tthahlae (DeBoer et I. 197 ).
rates may be hi
than tho e of a commer 1al cnterpn bealU e the ra CY.a
maintained at elevated temperatures for approximately 6
the year. Annual production rat based on a 5.5-mo geo
eason ~hen the ra CY.ay y.ere not heated ( Ma)-~O 0
1975) y.cre 46 tlha per )T and 2 tlha per)7 for N. batle},
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mall- ale, hon-durauon c pcnments (Hain
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Lapointe, and D'Elta 1976; ruh 19, ,Waaland I ,6,
production rate of cultured eay.eed .... ere r orded
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to threefold higher, hoy.e\er, th e yield .... ere not ubstant
b} large- cale, long-term produ tlon tudi .
everal operational onslderation for impro\ed ea
marlculture ha\e been re\ley.ed (DeBoer and Ryther 1977).
con ideration i the maintenance of ea .... eed bioma at
sitie that provide rna '1mum yield per unit area. For e .
the density of G. lIhahloe and \'. baile) I hould be maint
at 1,800-2,
g/m 1 dunng the y.1nter, 2, ()(}..4,5 gl m'd
late spring and ummer, and at intermediate den itie durin
remainder of the year. The optimum depth of the culture .
is another variable that i best determined empirically
penence with \ arious type of culture endo ures and mod
circulation showed that the optimum depth for the t~o s
60-110 cm. Another critical operating parameter i the 0
tration of nutrients neces ary to u tain a maximum
rate. For example, ammonia-~ was limiting below O.
another study, DeBoer, Lapomte, and D'Elia (1976) dete
that the half-saturation constants for gro~lh of G. tih'
and N. baileyi were approximately 0.5 /lffi ammonianitrate-No Since such constants were very low when comp
phytoplankton, they indicated that seaweeds utilized ve
concentrations of inorganic nitrogen. Further informati
the nutrient uptake kinetics of N. bailevi was summariz
D'Elia, DeBoer, and Ryther (1976).
.
The impact of grazing by herbivorous crustaceans
phithoe and Idotea) on mass cultures of G. tikvahiae
baileyi raised in the Environmental System Laboratory
Hole) was summarized by Nicotri (1977). Grazing rates
estimated in the laboratory and approximate crustace
sities determined in the raceways. Grazing losses were gen
very small in comparison to algal productivity, but they.

wastewater discharges. Assays of effluent from the seaweed
system showed that the removal of regenerated nitrogen lowered
the potential growth to that of natural seawater.
The outdoor mass culture of GraCilaria and Hypnea
ml4cijormis in the third stage of a nutrient removal-aquaculture
system at Fort Pierce, Fla., was reported by Lapointe et a!.
(1976). Mixtures of secondary-treated wastewater and seawater
constituted the initial nutrient source to the system, which included microscopIc algae and oysters The Hypnea cultun:
could not be maintained dunng the summer when tank
temperatures reached 30°C, but Gracilaria grew dunng the entire year. On the basis of periodIC harve ting, yields were kept
consistently between 12 and 17 g dry wt/m 2 per d for both
species. Such yields were as high as those achieved for mass
cultures of microscopIc marine algae and fa t-growlng commercia! crops such as sugar and rice.
Tl e nutrient assimilation and growth of Juvenile Chondm
crispus plants in mixtures of seawater and secondary se~age
treatment effluents y.ere summarized by Prince (1974) O\erall,
the growth of C. crispus was similar whether nitrogen Y.as provided by ammonia-N or nitrate-No Optimal gro~th of ju\enile
C. crispus plants occurred in a sewage-sea~ater mIxture upon
addition of trace elements. The plant's growth In a 10070 ey.ageseawater mixture was not inhibited, probabl} because the ammonium levels were approximately one-half thos\: of typical
sewage (compare Dunstan and 1enzel 1971).

n.ese

Three additional nutritional studies of red algae lDeBoer et
al. 1978; D'Elia and DeBoer 1978; DeBoer 1979) have been
summarized, based upon culture experiment at the Environmental Systems Laboratory of the Woods Hold
Oceanographic Institution. DeBoer (1979) and DeBoer et at.
(1978) evaluated the growth rates of G. tikvahiae (de ignated as
G. joliijera) and Neoagardhiella baileyi as a function of mtrogen
source and concentration. Gro~lh rates appeared to follow
saturation-type nutrient uptake kinetics for plants recei\;ng ammonium, nitrate, urea, or sewage effluent enrichments. Ammonium enrichment produced higher growth rates than nitrate
or sewage enrichment The lowest groy.lh rates occurred in
unenriched seawater or urea. Half-saturation constants (K) for
growth were approximately 0.2-0.4 ~t N for all nitrogen
enrichments examined. D'Elia and DeBoer (1978) evaluated the
kinetics of ammonium and nitrate uptake with the same two red
algae. Nitrate-N was taken up In a rate-saturating fashion
described by the Michaelis-Menten equation. Ammoniumuptake was multicomponent, with a saturable component being
accompanied by a high K component showing no evidence of
saturation. Nitrogen-starved plants showed higher transient
rates of ammonium-N uptake at a given concentration than
nonstarved plants. Ammonium-N was preferred over nitrate-N,
even with plants preconditioned in nitrate-N as a sole nitrogen
source. Nitrate-N uptake was suppressed at 5 ~ (NH. +), but
simultaneous uptake occurred at unsuppressed rates at lower
concentrations. The potentials for nitrogen accumulation were
greater via NH. + than NO, - uptake.
The production yields of G. tikvahiae and N. baileyi, which
were grown in a waste-recycling raceway system at Woods Hole,
were summarized by DeBoer and Ryther (1977). As noted in an
earlier section dealing with Gracilaria, the plant is an important
agarophyte. Neoagardhiella baileyi contains iota carrageenan
(DeBoer, D'Elia, and Lapointe 1976; DeBoer, Ryther, and Lapointe 1976), and although not yet harvested, it has potential
commercial value. Noeagardhiella baileyi had very high rates of
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c) There is a continuing need for the support and training
of talented phycological manpower (students) who will
be the seaweed farmers of the future.
d) An enchancement of scientific information (Le., exchanges) with Asiatic phycologists-aquacuJturists is
similarly important in the development of current and
future seaweed maricuJture programs.

ACKNOWLEDGMENTS
The author would like to thank his wife, Myla Mathieson, for
her helpful editing of the manuscript. Donald Cheney and
Clayton Penniman of the Jackson Estuarine Laboratory and
Northeastern University, respectively, are acknowledged for their
critical reviews and constructive comments on the paper. The typing skills and efforts of Debbi Jackson in the fmal completion of
the manuscript are gratefully acknowledged.

LITERATURE CITED
ABBOTI,I. A.
1971. On the species of Iridaea (Rhodophyta) from the Paclfic Coast of
North America. Syesis 4:51-72.
1972. Field studies which evaluate criteria used in separatmg species of
Iridaea (Rhodophyta). In I. A. Abbot! and M. Kurogi (editors), Contribution to the systematics of benthic marine algae of the North Pacific,
p. 253-264. Jpn. Soc. Phycol. , Kobe .
ABBOTI,I. A.
1980. Some field and laboratory studies on coUoid-producing red algae in
central California. Aquat. Bot. 8:255-266
ABBOTI, I. A., M. S. FOSTER, and L. F. EKLUND.
1980. Pacific seaweed aquaculture. Proc. Symp. Useful AJgae, 288 p.
ADAMS, R. W., and A. AUSTIN.
1977. Potential yields of Iridaea cordata (F1orideophyceae) m natural and
artificial populations in the Northeast Pacific . In A Jensen and J R.
Stein (editors), Proceedings of the IX International Seaweed SympoSIUm,
Santa Barbara, Calif. (U.S.A.), 2lJ.-27 Aug. 1977, p. 499-507 Sci. Press,
Princeton.
ADAMS, W. T., and R. W. ALLARD.
1977. Effect of polyploidy on phosphoglucose isomerase diversity in
Festuca microstachys. Proc. Natl. Acad. Sci. (U.S.A.) 74:1652·1656
ANDERSON, E. K., and W . J. NORTH.
1966. In situ studies of spore production and dispersal in the giant kelp,
Macrocystis. In E. O. Young and J. L. McLachlan (editors), Proceedings
of the Y International Seaweed Symposium, Halifax, Canada, Aug. 25-28,
1965, p. 73-86. Pergamon Press, N.Y.
1967. Zoospore release rates in giant kelp Macrocystis. Bull. South . Calif.
Acad. Sci. 66:223-232.
ANDREWS, J. H.
1976. The pathology of marine algae. BioI. Rev. (Camb.) 51:211 -253 .
1977. Observations on the pathology of seaweeds in the Pacific Northwest.
Can. J. Bot. 55:1019-1027.
1979a. Pathology of seaweeds: Current status and future prospects. Introduction. Experientia 35:429.
1979b. Conclusion: The seaweed pathosystem . Experientia 35:448450.
ANONYMOUS.
1973a. Aquaculture and advanced waste treatment. Woods Hole Notes
5(5): 1-8.
1973b. Summary record of agar and agarophytes workshop. Workshop help
at Atlantic Regional Office, Fisheries Research Board of Canada, Halifax,
N.S., Mar. 20-21, 1973, under the auspices of Halifax Laboratory, Fisheries Research Board of Canada, 50 p. (Mimeogr.)
1974a. Applied Marine Research Ltd., A technological program for dulse
cultivation on Orand Manan Island, New Brunswick. Dep. Fish. Environ . ,
Final rep., Fredericton, N .B., 54 p.
I 974b. Summary record of the second agar and agarophytes workshop.
Workshop held at Halifax Laboratory, Research and Development Directorate, Fisheries and Marine Service, Environment Canada, Halifax, N .S.,
Jan. 4-5, 1974, 34 p. (Mimeogr.)
1974c. Seaweed fanning could be profitable. BioScience 25:134.
1975. Summary report of the third agarophyte workshop. Workshop held

54

exposure, and depth in the non-digitate complex of Laminaria Lamour .
(Phaeophyta, Larninariales) in Nova Scotia. Phycologia 12:53-57.
1973b. Differentiation in Laminaria populations. J. Phycol. 9(Suppl.):3.
1973c. Methods for macroscopic algae. In J. Stein (editor), Handbook of
phycology, p. 87-104. Univ. Press, Cambridge.
I 974a. The genetic basis of morphological differentiation in some Laminaria
populations. Mar. BioI. (Berl.) 24:85-91.
I 974b. Inheritance of mucilage ducts in Laminaria (Simplices). In Scientific Programme and Abstracts of Papers, VlII International Seaweed
Symposium, Bangor, Wales, Aug. 17-24, 1974, Abstr. A72.
1975. Inheritance of mucilage canals in Laminaria (Section Simplices) 10
eastern Canada. Br. Phycol. J. 10:219-223.
1978. Experimental and numerical taxonomy of the Laminariales: A review.
In D. E. G. Irvine and J. H. Price (editors), Modem approaches to
the taxonomy of red and brown algae, p. 423-432. Syst. Assoc. Spec.
Vol. 10. Acad. Press, N.Y.
CHAPMAN, A. R. 0., and J. S. CRAJGIE.
1977. Seasonal growth in Laminaria longicruris: relations with dissolved
inorganic nutrients and internal reserves of nitrogen. Mar. BioI. (Berl .)
40: 197-205.
1978. Seasonal growth in Laminaria longicruris: relations with reserve
carbohydrate storage and production. Mar. BioI. (Berl .) 46:209-213 .
CHAPMAN, A. R. 0., and R. W. DOYLE.
1979. Genetic analysis of alginate content in Laminaria longicruris
(phaeophyceae). In A. Jensen and J. R. Stein (editors), Proceedings
of the IX International Seaweed Symposium, Santa Barbara, Calif.
(U .S.A .), 20-27 Aug. 1977, p. 125-132. Sci. Press, Princeton.
CHAPMAN, A. R. 0 ., T. EDELSTEIN, and P . J. POWER.
1977. Studies on Graci/aria. I. Morphological and anatomical variation in
samples from the lower Gulf of St. Lawrence and New England. Bot.
Mar. 20:149-153.
CHARTERS, A. C.
1974. Studies of submarine light in forests of giant kelp, Macrocystis.
In Scientific Programme and Abstracts of Papers, VlII International
Seaweed Symposium, Bangor, Wales, Aug. 17-24, 1974, Abstr. A47.
CHARTERS, A. c., and M. NEUSHUL.
1979. A hydrodynamically defmed culture system for benthic seaweeds.
Aquat. Bot. 6:67-78.
CHARTERS, A. c., M. NEUSHUL, and D. A. COON.
1972. Effects of water motion on agal spore attachment. In K. Nisizawa
(editor), Proceedings of the VII International Seaweed Symposium, Sapporo, Japan, Aug. 8-12, 1971, p. 243-247. Univ. Tokyo Press, Japan.
1973 . The effect of water motion on algal spore adhesion. Lirnnol.
Oceanogr. 18:884-896.
CHEN, L. C.-M., J. S. CRAIGIE, C. L. McCANDLESS, A. C. NEISH,
P. F. SHACKLOCK, and J. A. WALTER.
1975 . Algal polysaccharide production. United States Patent 3 879 890,
8 p.

from the maritime provinces. Can. J. Bot. 55:1281-1290.
BIRD, N. L.
1975. Culture and field studies pn the growth and reproduction of
Gracilaria species in the Maritime Provinces of Canada. M.S. Thesis,
Acadia Univ., Wolfville, N.S., 114 p.
BIRD, N. L., L. C.-M. CHEN, and J. McLACHLAN.
1979. Effects of temperature, light and salinity on growth in culture of
Chondrus crispus, Furcellaria lumbricalis, Gracilaria tikvahiae (Gigartinales, Rhodophyta), and Fucus serratus (Fucales, Phaeophyta.) Bot.
Mar. 22:521-527.
BODEN, G. T.
1979. The effect of depth on summer growth of Laminaria saccharina
(Phaeophyta, Larninariales). Phycologia 18:405-408.
BONOITO, S.
1976. Cultivation of plants. Multicellular plants. In O. Kinne (editor),
Marine ecology. A comprehensive, integrated treatise on life in oceans
and coastal waters, Vol. 3, p. 467-529. Wiley-Interscience, Lond.
BOURNE, V. L., E. CONWAY, and K. COLE.
1970. On the ultrastructure of pit connections in the conchocelis phase of
the red alga Porphyra per/orata J. Ag. Phycologia 9:79-81.
BOWIE, P.
1976. The blights and blessings of marine fungi. Sea Front. 22:194-203.
BRANNING, T. G.
1976. Giant kelp: Its comeback against urchins, sewage. Smithson.
7: 102-109.
BRAUD, J. P ., and R. PEREZ.
1979. Farming on pilot scale of Eucheuma spinosum (Florideophyceae)
in Djibouti waters. In A. Jensen and J. R. Stein (editors), Proceedings
of the IX International Seaweed Symposium, Santa Barbara, Calif.
(U.S.A.), 20-27 Aug. 1977, p. 533-539. Sci. Press, Princeton.
BRAUD, J . P ., R. PEREZ, and G. LACHERADE.
1974. Etude des Possibilit~s d'Adaptation de l'Algue Rouge Eucheuma
spinosum aux CStes du Territoire Francais des Afars et des Isaas.
Science et P&he, Bull. Inst. P&he, Bull. Inst. P~ches Marit. 238 , 19 p.
BREEN, P. A., and K. H. MANN.
I976a. Destructive grazing of kelp by sea urchins in eastern Canada. J.
Fish. Res . Boad Can. 33: 1278-/283.
1976b. Changing lobster abundance and the destruction of kelp beds by
sea urchins. Mar. BioI. (Berl.) 34:137-142.
BRINKHUIS, B. H ., and R. F. JONES.
1974. Photosynthesis in whole plants of Chondrus crispus. Mar. BioI.
(Berl .) 27:137-141.
BROCHU, M.
1977 . Mariculture - cultivating the crops of the sea. [In Engl. and Fr.]
Sci. Dimens. 9(4):8-11.
BRYCE, A. J.
1977. A research and development program to assess the technical and
economic feasibility of methan production on a commerical scale from
giant brown kelp. J. Phycol. 13(Suppl.):IO.
BUNTING, B. L., J. G. LINDSAY, and R. G. SAUNDERS.
1980. Survey and selection of agarophytes and carreenophytes for culture
seedstock. Provo B.C., Minist. Environ., Mar. Resour. Branch, Fish. Dev.
Rep . 25, 91 p.
BURNS, R. L., and A. C. MATHIESON.
I972a. Ecological studies of economic red algae. II. Culture studies of
Chondrus crispus Stackhouse and Gigartina stellata (Stackhouse) Batters.
J. Exp. Mar. BioI. Ecol. 8:1-6.
1972b. Ecological studies of economic red algae. III. Growth and reproduction of natural and harvested popUlations of Gigartina stellata
(Stackhouse) Batters in New Hampshire. J. Exp. Mar. BioI. Ecol. 9:77-95.
BUSBY, B. c., and M. E. GOLDSTEIN.
. 1977. Recruitment of Graci/aria sporelings on ceramic substrates. J.
Phycol. 13(Suppl.):IO.
CALHOUN, J. c., Jr.
1968. Food from the sea: A systems approach. Ocean Ind. 3(V1.7):65-68.
CARR, K. M., and J . R. WAALAND.
1977 . The effect of light intensity and temperature on the growth rate of
Graci/aria verrucosa in culture. Supplemental abstract #457, presented
at the IX International Seaweed Symposium, Santa Barbara, Calif.
(U.S.A.), 20-27 Aug. 1977. (Xerox.)
CAUSEY, N. B., J. P . PRYTHERCH, J. McCASKILL, H. J. HUMM, and
F. A. WOLF.
1946. Influence of environmental factors upon the growth of Gracilaria
confervoides. Bull. Duke Univ. Mar. Stn. 3: 19-24.
CHAPMAN, A. R. O.
1973a. Phenetic variability of stipe morphology in relation to season,

CHEN, L. C.-M., T. EDELSTEIN, and J. McLACHLAN.
1974. The life history of Gigartina stellata (Stackh.) Batt. (Rhodophyceae, Gigartinales) in culture. Phycologia 13:287-294.
CHEN, L. C.-M., T. EDELSTEIN, E. OGATA, and J. McLACHLAN.
1970. The life history of Porphyra miniata. Can. J. Bot. 48:385-389.
CHEN, L. C.-M., and J. McLACHLAN.
1972. The life history of Chondrus crispus in culture. Can. J. Bot.
50:1055-1060.
CHEN, L. C.-M., J . McLACHLAN, A. C. NEISH, and P. F. SHACKLOCK.
1973. The ratio of kappa- to lambda-carrageenan in nuclear phases of the
rhodophycean algae, Chondrus crispus and Gigartina stellata. J. Mar.
BioI. Assoc. U.K. 53:11-16.
CHEN, L. C.-M., and A. R. A. TAYLOR.
1976. Scanning electron microscopy of early sporeling ontogeny of Chondrus crispus. Can. J. Bot. 54:672-678.
1978. Medullary tissue culture of the red alga Chondrus crispus. Can.
J. Bot. 56:883-886.
1980a. Investigations of distinct strains of Chondrus crispus Stackh. I.
Field and laboratory observations. Bot. Mar. 23:435-440.
1980b. Investigations of distinct strains of Chondrus crispus Stackh. ll.
Culture studies. Bot. Mar. 23:441-448.
CHENEY, D. P.
1975. A biosystematic investigation of the red algal genus Eucheuma
(Solieriaceae) in Florida. Ph .D. Thesis, Univ. South Florida, Tampa,
228 p.
1976. Electrophoretic studies in the red algae. Abstracts 15th Nonheast Algal Symposium, Marme Biological Laboratories, April 30-May I,
1976. (Xerox.)

55

enan from Floridian Eucheuma (Rhodophyta, Gigartinales).

CHENEY, D. P., and G. R. BABBEL.
1975. Isoenzyme variation in Florida populations of the red alga Eucheuma.
J . Phycol. II(Suppl.):17-18.
1978. Biosystematic studies of the red algal genus Eucheuma. I.
Electrophoretic variation among Florida populations. Mar. BioI. (Berl .)
, 47:251-264.
CHENEY, D. P., and C. J. DAWES.
1973. A systematic study of the Florida species of Eucheuma: Preliminary
results. J. Phycol. 9(Suppl.) :4.
I 974a. Biosystematic studies of the genus Eucheuma (Rhodophyta, Solieriaceae) in Florida. J . Phycol. IO(Suppl.):4.
1974b. Ecological studies of Florida Eucheuma (Rhodophyta, Gigartinales).
V. Interpretation of morphological variation. In Scientific Programme
and Abstracts of Papers, VIII International Seaweed Symposium, Bangor,
Wales, Aug. 17-24, 1974, Abstr. A57 .
CHENEY, D. P ., and A. C. MATHIESON .
1977. Genetic variation and population differentiation in Chondrus
cnspus. J Phycol. 13(Suppl.): 13.
! 978a. Population differentiation in the seaweed Chondrus crispus: Preliminary results . Isozyme Bull. 12:57.
1978b . On the ecological .and evolutionary significance of vegetative reproduction in seaweeds. J. Phycol. 14(Suppl.):27.
1979. Carrageenan yield in Chondrus crispus - are all populations created
equal? J . Phycol. 15(Suppl.):18.
CHENG, T .-H .
1969. Production of kelp - a major aspect of China's exploitation of
the sea. Econ . Bot. 23 :215-236.
CHI, E. Y., and M. NEUSHUL.
1972. Electron microscopic studies of sporogenesis in Macrocystis. In
K. Nisizawa (editor), Proceedings of the VII International Seaweed
Symposium, Sapporo, Japan, Aug. 8-12, 1971, p. 181-187. Univ. Tokyo
Press, Japan.
COFFIN , G. W., and A. P . STICKNEY.
1966. Codium enters Maine waters. U.S. Fish Wildl. Serv., Fish . Bull.
66: 159-161.
COMMITIEE ON COMME RCE, SCIENCE, AND TRANSPORTATION.
1980. Energy from open ocean kelp farms. Natl. Ocean Kelp Stud.,
U.S. Senate, 96th Congr., 1st Sess., Wash., D.C., 82 p .
CONWAY, E.
1975. Porphyra macu/osa sp. nov. in British Columbia. Syesis 8:317-320.
CONWAY, E., and K. COLE.
1973. Observations on an unusual form of reproduction in Porphyra
(Rhodophyceae, Bangiales). Phycologia 12:213-225.
CONWAY, E., T . F. MUMFORD, Jr., and R. F. SCAGEL.
1975. The genus Porphyra in British Columbia and Washington. Syesis
18: 185-244.
COON, D.
1974. The measurement of harvested and unharvested populations of marine
crop plant Macrocystis. In Scientific Programme and Abstracts of
Papers, VIII International Seaweed Symposium, Bangor, Wales, Aug.
17-24, 1974, Abstr. A46.
1981. Studies of whole plant growth in Macrocycstis angustifolia. Bot.
Mar. 24:19-27.
COON, D., and W. N. WHEELER.
1976. Ecological studies in kelp forests : Short-term variations in the
growth of Macrocystis. J . Phycol. 12(Suppl.):14.
COOPER, L.
1981. Seaweed with potential . Sea Front. 27(1):24-27.
COOPER, N. c., and G. R. JOHNSTONE.
1944. The seasonal production of agar in Gelidium carli/agineum, a
perennial red alga. Am . J . Bot. 31 :638-640.
CRAIGIE , J . S., and J. D. PRINGLE.
1978. Spatial distribution of tetrasporophytes and gametophytes in four
Maritime populations of Chondrus crispus. Can. J. Bot. 56:2910-2914.
DAWES, C. J .
I 974a. On the mariculture of the Florida seaweed Eucheuma isiforme.
Fla. Sea Grant Rep. 5, 10 p.
1974b Ecological studies of Florida Eucheuma (Rhodophyta, Gigartinales).
IV. Biochemical variations in reproductive and vegetative plants of E.
nudum C. Agardh from three ecologically distinct sites taken at different
seasons of the year. In Scientific Programme and Abstracts of Papers,
VIII International Seaweed Symposium, Bangor, Wales, Aug. 17-24, 1974,
Abstr B61.
1976. Producuvity and physiological ecology of benthic algae in the Gulf of
Mexico. J . Phycol. 12(Supp\'):29.
1977 Seasonal and reproductive aspects of plant chemistry, and karrage-

Bot. Mar

20:137-147 .
1979. Physiological and biochemical comparisons of Eucheuma spp
(Florideophyceae) yielding iota-carrageenan . In A. Jensen and J. R. Steir
(editors), Proceedings of the IX International Seaweed Symposium
Santa Barbara, Calif. (U.S.A.), 20-27 Aug. 1977, p. 199-207. Sci
Press, Princeton.
In press. Physiological methods and mariculture of economically importan
seaweeds . Proc. Cult. Util. Econ. Algae. Repub. China-U.S. Coop
Sci. Program, June 5-7, 1978, Guam.
DAWES, C. J ., J. W. LA CLAIRE, and R. E. MOON.
1976. Culture studies on Eucheuma nudum J. Agardh, a carrag~nan pro
ducing red alga from Florida. Aquaculture 7: 1-9.
DAWES, C. J., J. M . LAWRENCE, D. P. CHENEY, and A. C. MATHI
ESON.
1974. Ecological studies of Floridian Eucheuma (Rhodophyta, Gigartinales
Ill. Seasonal variation of carrageenan, total carbohydrate, protein an(
lipid. Bull. Mar. Sci. 24:286-299.
DAWES, C. J., A. C. MATHIESON, and D. P . CHENEY.
1974. Ecological studies of Floridian Eucheuma (Rhodophyta, Gigar
tinales). I. Seasonal growth and reproduction. Bull. Mar. Sci. 24:235-273
DAWES, C. J ., R. E. MOON, and M. A. DAVIS .
1978. .The photosynthetic and respiratory rates and tolerances of bent hi,
algae from a mangrove and salt marsh estuary: a comparative study
Estuarine Coastal Mar. Sci. 6:175-185.
DAWES, C. J ., R. MOON, and J . LA CLAIRE.
1976. Photosynthetic responses of the red alga, Hypnea musciformis (Wul
fen) Lamouroux (Gigartinales). Bull. Mar. Sci. 26:467-473.
DAYTON, P. K.
1974. Experimental studies of algal canopy interactions in a sea otter
dominated kelp commurtity at Amchitka Island, Alaska. Fish. Bull.
U.S . 73 :230-237 .
DeBOER, J . A.
1979. Effects of nitrogen enrichment on growth rate and phycocolloi(
content in Gracliana foliifera and Neoagardhiella baileyi (Florideophy
ceae). In A. Jensen and J. R. Stein (editors), Proceedings of the IJi
International Seaweed Symposium, Santa Barbara, Calif. (U .S.A.), 20-2~
Aug. 1977, p. 263-271. Sci. Press, Princeton.
DeBOER, J . A., C. R. D ' ELIA, and B. E. LAPOINTE.
1976. Utilization of nitrate and ammonium by Neoagardhiella baileyi. Ab
stracts 15th Northeast Algal Symposium, Marine Biological Laboratories
April 30-May I, 1976. (Xervx.)
DeBOER, J. A., H . J. GUIGLI, T . L. ISRAEL, and C. F. D'ELIA.
1978. Nutritional studies of two red algae. I. Growth rate as a function 0'
nitrogen source and concentration. J . Phycol. 14:261-266.
DeBOER, J. A., and B. E. LAPOINTE.
1976. Effects of culture density and temperature on the growth rate and yiele
of Neoagardhiella baileyi. In J. H . Ryther (editor), Marine polycultur.
based on natural food chains and recycled wastes, 8 p. Woods HoI<
Oceanogr. Inst. , Tech . Rep., WHOI-76-92.
DeBOER, J . A., B. E. LAPOINTE, and C. F. D'ELIA.
1976. Effects of nitrogen concentration on growth rate and carrageenar
production in Neoagardhiella baileyi. In J. H. Ryther (editor), Marin.
polyculture based on natural food chains and recycled wastes, 14 p
Woods Hole Oceanogr. Inst., Tech. Rep., WHOI-76-92.
DeBOER, J . A., B. E. LAPOINTE, and J . H. RYTHER.
1977. Preliminary studies on a combined seaweed mariculture-tertiary
waste treatment system. In J. W. Avault, Jr. (editor), Proceedings
of the Eighth Annual Meeting World Mariculture Society, San Jose,
Costa Rica, Jan. 9-13, 1977, p. 401-410. Louisiana State Univ. Division
of Continuing Education, Baton Rouge.
DeBOER, J. A., and J. H. RYTHER.
1977. Potential yields from a waste-recycling algal mariculture system. In
R. W. Krauss (editor), The marine plant biomass of the Pacific northwest coast, p. 231-249. Oregon State Univ. Press, Corvallis.
DeBOER, J. A., J. H. RYTHER, and B. E. LAPOINTE.
1976. Yields of the seaweeds Neoagardhiella baileyi and Graci/aria
foliifera in a waste recycling-polyculture system. In J. H. Ryther (editor),
Marine polyculture based on natural food chains and recycled wastes,
7 p. Woods Hole Oceanogr. Inst., Tech. Rep., WHOI-76-92.
D'ELIA, C. F., and J. A. DeBOER.
1978. Nutritional studies of two red algae. II. Kinetics of ammonium and
nitrate uptake. J. Phyco\. 14:266-272.
D'ELIA, C. F., J. A. DeBOER, and J. H. RYTHER.
1976. Some aspects of the nutrient uptake kinetics of the macroscopic
red alga, Neoagardhlella baileyi. In J. H. Ryther (editor), Marine poly_

56

culture ba;cd on natural food chams and recycled wa'tes, 10 p. Wood,
Hole Oceanosr. In~l, Tech . Rep ., WHOI -76-92
DeVEAU, l E., and J . R CASTll:. .
1976. The Jndu~tnal development of farmed marine algae: the case-h"tory
of Eucheuma in the Philippines and U.S.A
FAO Tech . Conf. on
Aquaculture, Kyoto, Japan, 26 May-2 June, 1976. FAO, FIR.A Q Conf.!
76/ E . 56, 6 p.
DEVINNY, J. 5., and J . lEVENTHAL.
1979. New methods for mass culture of MacrocysllS pyrifera sporophytes.
Aquaculture 17:241 -250.
DEVINNY, J . 5., and l . A . VOlSE .
1978. Effects of sediments on the development of MacrocysllS pyrifera
gametophytes. Mar. BioI. (Berl.) 48:343-348 .
DODDS, J. A.
1979. Viruses of marine algae. Experienlia 35:440-442.
DOTY, M . S.
1970. The Eucheuma opportunity. Sci. Rev . August 1969:4- 11
1973a. Farming the red seaweed, Eucheuma, for carrageenans. Mlcronesica 9:59-73 .
1973b. Eucheuma farming for carrageenans. Univ. Hawaii Sea Grant Rep.
UNIHI-SEAGRANT-AR-73-{)2, 21 p.
1977 . Eucheuma-current marine agronomy . In R. W . Krauss (editor), The
marine plant biomass of the Pacific nonhwest coast, p. 203-214. Oregon
State Univ . Press, Corvallis.
1979a. Stalus of marine agronomy. wilh special reference to the tropIcs .
In A . Jensen and J . R. Stein (edilors), Proceedings of the IX Internalional
Seaweed Symposium. Sanla Barbara, Calif. (U .S. A .), 20-27 Aug. 1977. p.
35-58 Sci . Press, Princeton .
1979b. The presenl and fulure for algal materials. In B. SanleUces (editor),
Actas Primer Symposium Sobre AJgas Marinas Chilenas, p. 35-49 Subsecretaria de Pesca, Ministerio de Economia, Chile.
I979c . Realizing a nation 's seaweed potential. In B. Santelices (editor),
Actas Primer Symposium Sobre AJgas Marinas Chilenas, p. 133-153. Subsecretaria de Pesca, Ministerio de Economia, Chile.
In press a . Worldwide status of marine agronomy . Proc. Cult. Util. Econ.
AJgae. Repub. China-U.S. Coop. Sci . Program , June 5-7, 1978, Guam .
In press b. Realizing a nation 's potential in phycology. Proc. Cult .
Util. Econ . AJgae. Repub. China-U .S. Coop. Sci. Program, June 5-7,
1978, Guam .
DOTY, M. S., and V. B. ALVAREZ.
1973. Seaweed farms: a new approach for U .S. Industry. Proc . IX
Annual Conference, Mar. Tech . Soc., Wash ., D.C., Sept. 10-12, p. 701-708.
1974. The productivity of Eucheuma farms . In Scientific Programme and
Abstracts of Papers, VlII International Seaweed ymposium, Bangor,
Wales, Aug . 17-24, 1974, Abstr. B63.
1975 . Slatus, problems, advances and economics of Eucheuma farms.
Mar. Technol. Soc . J . 9(4):30-35.
DOTY, M . S., and G . A . SANTOS .
1978. Carrageenans from tetrasporic and cystocarpic Eucheuma species.
Aquat. Bot. 4: 143-149.
DRUEHL, L. D.
1965. On the taxonomy, distribution and ecology of the brown algal genus
Laminaria in the northeast Pacific. Ph .D . Thesis, Univ. British Columbia,
Vancouver. 133 p .
1967. Distribution of two species of Laminaria as related to some environmental factors . J. Phycol. 3: 103-108.
1968. Taxonomy and distribution of northeast Pacific species of Lammana.
an . 1. Bot. 46:539-547 .
1969. The northeast Pacific rim distribution of the Laminariales. In
R. Margalef (editor). Proceedings of the VI International Sea"eed
ymPOSlum. Santiago de Compostela, Spain, p. 161-170. Subsecretaria
de la Marina Mercante, Madrid .
1970. The pattern of Laminariales distribution in the northeast Paofic
PhycologI39:237·247 .
1972. Kelp distribulion in the nonheast PaCIfic as relat«l to oceanograpluc
conditions: a prelimin3f) resume. In k. . isizawa (<<lltor). Proceedings
of the \ 11 International Sea"e.ct ympo ium, Sapporo. Japan, Aug .
8- 12. 1971. p. 61. Uruv. Tokyo Press, Japan
19 7 A re,ie" of MacrocysllS mlegrt/o/w stuciJes m Bnwh Columbia. J .
Phycol. 13( uppl.) : 19.
197
The distnbuUon of Macroc} lIS mll!1l.rt/ollo m Bnll h olumbia ll>
relat«l to en,ironmental parameters Can. J . Bot. 56:69-79
19 9
n enhancement scheme for \(acroc}/IS mll!1l.rt/oIw (Phaeoph)ceu)
/n . Jen. nand J . R . tem (editors). Pr~. of the IX Intem&uonal
"eed )mpmlUm . Santa Barbara. Calif (t. . A). ~~" -I.u . 1
• Pr . Pnnceton .
p '9-84

DR EHL, I D, and S. I <. HSI \ 0
1%9. A,cOIc culture of l.aITllIIl1J'iaIes m defmed med
Ph
49
19 7. IntertIdal ~c1p response 10 sea naI en; r
\0
Bn tl h ColumbIa tnlct. J f Ish Res Board
DR E Hl . L. D, \\ . ROL
D, and T ICO II I
1977. ~ood chams ongmatlng from \fa roc) lIS tnlt'1(rt/ol.,
,..,
13(Suppl ): 19
DUCI\.WORTH. \1 " 1\. . C. HOSG. and \\ . ',\PHI
1971
The agar polY"3ccharldcs of Gra Ilana pee!
boh.
R
18:1·9

I

DUNSTA . \\ . 'I , and D W 'I E. lei
1971. Contmuou; cultures of natural populal1on of ph;10rlan I n
dilute, treated "'''age eflluent
llmn(ll O,".Ino r It.-/,23·{J32
DURAKO, M . J ., and
J . DA\HS
1980. A comparative ,,!asonal stud, of t"o IX'rulal1on of IIlpnea mu. ,
10rmlS from the east and "c t o~ t 01 llonda, l
~ I C,ro"lh and
chemistf}
'lar BIOI. (Berl.) 59:151-151>
198Ob. A comparati;. seasonal Mud) of t"'o rorulatlon of I/)pnro nil
10rmlS from the east and "est CO"" t of 1l0f'liI, l
~ II Ph
synthetic and respirator-, rates. \I ar BIoi (Berl ) 59157-11>2
(Berl.) 59: 157-162.
EDEL TEl. T
1977 Studies on GraCi/ana ~p . e'rcnmcnts on mocula mcub31ed under
greenhouse conditlon~. J Exp. 'Iar . BIoi I col 30 149·259
EDELSTEIN . T, . J . BIRD, and J . McLACHI A.
1974. Prelimin3f)' field and laboraton \(udl< on the agarorhyte Gra ,lana
sp. In ScIentific Programme and Ab tracts C'f Papers, \ III International
Seawe.ct Symposium, Bangor, Wales, Aug. I 24, 1974 \b tr
1976. Studies on GracI/ana. 2: Gro"1h und r greenhouse
J . Bot 54.2275-2290.
EDELSTE I . T , L c.-, 1. CHE ,and J. \Ie! A( HI
1974. The reproducthe structures 01 Glgarllna
(Gigartinales. Rhodophyceae) m nature and culture
EDELSTEIN. T . and J McLACHLA

1966
of the V InternatIOnal Sea"eed '»mro lum, Halifa ,
1965, P 117- 122.
Pergamo. Pre ,0 f
EDELSTEIN. T., J . McLACHl A ,and J S. LRAI(,IE
1967
Investigations of the mmne algae 01
otla II
Rhodophyceae ne" or rare to ~o'a Olla Lan J Bot 4S I
ENRIGHT, C. T
1979

S,"

Jensen and J. R. Stcm (ednors), Pr eed:,
Seaweed SymposIum. Santa Barbar . Calif (l
p. 209-218 Sci. Pr . Pnnl.-.=ton
ENRIGHT, CT., and A R .O CH P IA
1977. BiolOgical control of the Chlorophyta "eed pcoes ("
Chondrus cmpus aquaculture. J. Ph> 01 13( uppl ) 20
ESTES, 1. A., and 1 F PAL\IlSA 0
197~ .
Sea otters: thelf role In tructunng nearsh
(Wash. DC I I 5: 105 -1060
FANKBO ER. P \', and'!. E de B RGH
1977. DIurnal exudal10n of '-labelled
mpound
.\{acrocysllS Inlegrt/Olto Bory J f p tar
FARSHA\I, W F. R. L FU:TCHER, and I M
1973.
llached Sa'lrlJ.SSlJm found 10 Bnt
FFRESCH, R. A
19 I
'" current appraIsal of the IfIsh
Olta"'a, Canada. l.3O p
19"4 . Rhod'lMmQ pa/mala, an
Res Counc Can., H fax,
FLo\\ ER • . ,andA J. BR\C·
19"" Ener

I

I

F

GUIST, G. G., Jr., C. DAWES, and J . CASTLE.
1977. A model for the growth of Hypnea musciformlS. Supplemental
abstract #469, presented at the IX International Seaweed Symosium,
Santa Barbara, Calif. (U.S.A.), Aug. ]J)..27, 1977. (Xerox.)
GUIST, G. G., Jr., and H. J. HUMM .
1976. Effects of sewage effluent on growth of Viva lactuca. Fla.
Sci. 39:267-272.
GUZMAN-del PROO, S. A., and S. de la CAMPA-de GUZMAN .
1969. Investigaciones sobre Gelidium cartilagmeum en Ia costa occiden
de Baja California, Mexico. In R. Margalef (editor), Proceedings of th
VI International Seaweed Symposium, Santlago de Compostela, Spam
Sept. 9-13, 1968, p. 179-186. Subsecretaria de la Marina Mercante
Madrid.
1979. Gelidium robustum (Florideophyceae), an agarophyte of Baj
California, Mexico. In A. Jensen and J. R. Stein (editors), Proceedin
of the IX Internatlonal Seaweed Symposium, Santa Barbara, Cali
<y .S.A.), W-,27 Aug. 1977, p. 303-308. Sci. Press, ;rinceton.
GUZMAN-del PROO, S. A ., S de la CAMPA-de GUZMAN, and J. PINEDA
BARRERA.
1972. Shedding rhythm and genr.inatlon of spores in Gelld/um robustum
In K. Nisizawa (editor), Proceedings of the VII International Seaw
Symposium, Sapporo, Japan, Aug. 8-12, 1971, p. 221-228. Univ. Toky
Press, Japan.
HAINES, K. C.
1975. Growth of the carrageenan-producing tropical red seaweed Hypne
musciformis in surface water, 870 m dee;> water, effluent from a clanl
mariculture system, and in deep water enriched with artificial fe~
or domestlc sewage. In G. Persoone and E. Jaspers (edItors), Proceedin
of the 10th European Symposium on Marine Biology, Ostend, Belgium,
Sept. 17-23, 1975, 1:207-220. Uruversa Press, Wettern.
HAINES, K. c., and R. K MONAHAN .
1976. Clonal culture of the red seaweed Hypnea musciformis (Wulf.
Lamouroux from St Croix, U.S. Virgin Islands. J. Phycol. 12(Suppl.)
35-36.
HAINES, K. c., and P. A. WHEELER.
1977. Ammonium and nitrate uptake by the marine macrophyt
Hypnea musciformis (Rhodophyta) and Macrocystis pyrifera (Phaeophyta)
J . Phycol. 14:319-324.
HALL, E. N.
1977 The ocean resource challenge. In R. W. Krauss (editor), The marin
plant biomass of the Pacific northwest coast, p. 357-376. Oregon State
Univ. Press, Corvallis.
HANIC, L. A.
1973 . Cytology and genetics of Chondrus crispus Stackhouse. In M . J
Harvey and J . McLachlan (editors), Chondrus crispus, p. 23-52. N.S
Inst. Sci., Halifax.
1977 . Growing Chondrus crispus (Irish moss) in the sea. J. Phycol. 1
(Suppl.):26.
HANIC, L. A ., and J. D. PRINGLE .
1978a. Pottery, a substrate for algal culture. Br. Phycol. J. 13:25-33.
1978b. Outplant method for phenological studies of Chondrus crispus in
mechanically harvested beds. J. Fish . Res. Board Can. 35:336-338.
HANISAK, M. D.
1981. Recycling the residues from anaerobic digesters as a nutrient source
for seaweed growth. Bot. Mar. 24:57-61.
HANISAK, M. D., R. W. STENBERG, and J. H. RYTHER.
1979. Cultivation of Gracilaria tikvahiae (Rhodopbyceae) as a biomasl
source for methane production . J . Phycol. 15(Suppl.): 18.
HANSEN, J. E.
1974. Studies on the population dynamics of Iridaea cordata (Gigartin
anceae, Rhodophyta). In Scientific Programme and Abstracts of Papers
VIII International Seaweed Symposium, Bangor, Wales, Aug. 17-24
1974, Abstr. A3 (substitute).
1975. Population studies of Iridaea cordata (Rhodophyta: Gigartinaceae)
J. Phycol. II(Suppl.):12.
1976. Population biology of Iridaea cordata (Rhodophyta: Gigartinaceae)
Ph.D. Thesis, Univ. California, Santa Cruz, 341 p.
I 977a. Ecology and natural history of Iridaea <:ordata (Gigartinales
Rhodophyta) growth. J. Phycol. 13:395402.
I 977b. Productivity of Iridaea cordata (Rhodophyta: Gigartinaceae). J.
Phycol. 13(Suppl.):27.
HANSEN, J. E., and W. T. DOYLE.
1976. Ecology and natural history of Iridaea cordata (Rhodophyta
Gigartinaceae): Population structure. J. Phycol. 12:273-278.
HANSON, J. A. (editor)
1974a. Open sea mariculture, perspectives, problems, and prospects. Dow

northern Washington. M.S. Thesis, Western Washington State Coli.,
Bellingham, 60 p.
FRALICK, J. E., and K. COLE.
1973. Cytological observations on two species of Iridaea (Rhodophyceae,
Gigartinales). Syesis 6:271-272.
FRALICK, R. A.
'1974. The growth of commercially useful seaweeds in a nutrient enriched
multipurpose aquaculture system. In Scientific Programme and Abstracts
of Papers, VIII International Seaweed Symposium, Bangor, Wales, Aug.
17-24, 1974, Abstr. A25 (revised).
FRALICK, R. A., and J. DeBOER.
1977. Growth physiology of Gracilariafoliifera (Rhodophyta, Gigartinales).
J. Phycol. 13(Suppl.):22.
FRALICK, R. A., B. E. LAPOINTE, and C. GIFFORD.
1975. Preliminary observations on the growth of Gracilaria in a nutrient
aquaculture system. In Summary report of the third agarophyte workshop, p. 14-15. Halifax Laboratory, Res. Dev. Directorate, Fish. Mar.
Serv., Environ. Can., Halifax, N.S., Jan. 3, 1975.
FRALICK, R. A., and J. H. RYTHER.
1976. Uses and cultivation of seaweeds. Oceanus 19(4):32-39.
FULLER, S. W ., and A. C. MATHIESON.
1972. Ecological studies of economic red algae. IV. Variations of carrageenan concentration and properties in Chondrus crispus Stackhouse. J.
Exp. Mar. BioI. Ecol. 10:49-58.
GERARD, V. A., and K. H . MANN.
1979. Growth and production of Laminaria /ongicruris (phaeophyta)
populations exposed to different intensities of water movement. J.
Phycol. 15:3341.
GHERARDINI, G. L., and W . J. NORTH.
1972. Electron microscopic studies of Macrocystis pyrifera zoospores,
gametophytes and early sporphytes. In K. Nisizawa (editor), Proceedings
of the VII International Seaweed Symposium, Sapporo , Japan, August
8-12, 197 1, p. 172-ISO. Univ. Tokyo Press, Japan .
GIBOR, A.
1976. Short communication, A method for cultivation of benthic algae by
artificial floatation. Bot. Mar. 19:397-399.
GEOFF, L. J., and J. C. GLASGOW.
19SO. Pathogens of marine plants. Cent. Coastal Mar. Stud., Univ.
California, Santa Cruz, Spec. Publ. 7, 236 p.
GOLDMAN, J. c., and J. H . RYTHER.
1977. Mass production of algae : Bioengineering aspects. In A. Mitsui,
S. Miyachi, A. San Pietro, and S. Tamura (editors), Biological solar
energy conversion, p. 367·378. Acad. Press, N .Y.
GOLDMAN, J . c., K. R. TENORE, J. H . RYTHER, and N. CORWIN.
1974. Inorganic nitrogen removal in a combined tertiary treatment-marine
aquaculture system-I. Removal efficiencies. Water Res . 8:45-54.
GOLDMAN, J. C., K. R. TENORE, and H. I. STANLEY.
1974. Inorganic nitrogen removal in a combined tertiary treatment-marine
aquaculture system-II. Algal bioassays. Water Res . 8:55-59.
GOLDSTEIN, M. E.
I 974a. Field and laboratory studies on Gracilaria from Prince Edward
Island, Canada. In Scientific Programme and Abstracts of Papers, VllI
International Seaweed Symposium, Bangor, Wales, Aug. 1'1-24, 1974,
Abstr. A63 .
I 974b . Mariculture and mass cultivation potential of the associated marine
resources Gracilaria foliifera and Mylilus edilus. In Summary record of
the second agar and agarophytes workshop, p. 23-27. Res. Dev. Directorate, Fish Mar. Serv., Environ . Can ., Halifax, N.S., Jan. 4-5, 1974.
(Mirneogr. )
1977. Artificial recruitment and mariculture of Gracilaria in P. E. I.,
Canada. J. Phycol. 13(Suppl.):24.
GORDON-MILLS, E. , and E. L. McCANDLESS .
1974. Studies on carrageenan in the cell walls of Chondrus crispus. In
Scientific Programme and Abstracts of Papers, VIII International Seaweed
Symposium, Bangor, Wales, Aug. 17-24, 1974, Abstr. B21.
1975. Carrageenans in the cell walls of Chondrus crispus Stack. (Rhodophyceae, Gigartinales). I. Localization with fluorescent antibody. Phycologia 14:275-281.
1977. Carrageenans in the cell walls of Chondrus crispus Stack. (Rhodophyceae, Gigartinales). II . Birefringence. Phycologia 16:169-176.
GORDON-MILLS, E. M., J. TAS, and E. L. McCANDLESS.
1978. Carrageenans in the cell walls of Chondrus crispus Stack. (Rhodophyceae, Gigartinales). III. Metachromasia and the topooptical reaction .
Phycologia 17 :95-1 04.
GUIRY, M. D.
In press. Chondrus cris.ous 'T4' is a male clone. Science.

58

den, Hutchinson and Ross, Inc., Stroudsburg, Pa., 410 p.
1974b. A national mariculture program. In J. A. Hanson (editor), Open
sea mariculture, perspectives, problems, and prospects, p. 375-396. Dowden, Hutchinson and Ross, Inc ., :'!troudsburg, Pa.
HARGER, B. W. W.
1976. Ecological studies in kelp forests: in situ recruitment, growth and
reproduction. J. Phycol. 12(Suppl.):14.
1977. An integrated system for the study of physical and biological
influences on a kelp bed community. J . Phycol. 13(Suppl.):27.
HARGER, B. W. W., D. A. COON, M. S. FOSTER, M. NEUSHUL, and
J. WOESSNER.
1974. Settlement and reproduction of benthic algae within the Macrocyslis forests in California. In Scientific Programme and Abstracts of
Papers, VIII International Seaweed Symposium, Bangor, Wales, Aug.
17-24, 1974, Abstr. A31.
HARLIN, M. M.
1976. The potential of marine macroalgae in silo culture. Abstracts '
15th Northeast Algal Symposium, Marine Biological Laboratories,
April 30-May I, 1976. (Xerox.)
1978. Nitrate uptake by Enleromorpha spp. (Chlorophyceae): applications
to aquaculture systems. Aquaculture 15:373-376.
HARLIN, M. M., and J . S. CRAIGIE.
1976. Seasonal patterns in the uptake of nitrate in Laminaria /ongicruris. J. Phycol. I 2(Suppl.): 14.
1978. Nitrate uptake by Laminaria /ongicruris (phaeophyceae). J. Phycol.
14:464-467.
HARLIN, M. M., B. THORNE-MILLER, and G. B. THURSBY .
1979. Ammonium uptake by Graci/aria sp. (Florideophyceae) and U/va
/acluca (Chlorophyceae) in closed system fish culture. In A. Jensen
and J. R. Stein (editors), Proceedings of the IX International Seaweed
Symposium, Santa Barbara, Calif. (U.S.A.), 20-27 Aug. 1977, p. 285-292.
Sci. Press, Princeton.
HART, M. R., D. de FREMERY, C. K. LYON, and G. O. KOHLER .
1979. Processing of Macrocyslis pyrijera (phaeophyceae) for fermentation
to methane. In A. Jensen and J. R. Stein (editors), Proceedings of
the IX International Seaweed Symposium, Santa Barbara, Calif.
(U.S.A.), 20-27 Aug. 1977, p. 493-498. Sci. Press, Princeton.
HARVEY, M. J., and J. McLACHLAN (editors).
1973. Chondrus crispus. N.S. Inst. Sci., Halifax, 27 (Suppl.), 155 p.
HASEGAWA, Y.
1976. Progress of Laminaria cultivation in Japan. J. Fish. Res . Board
Can. 33:1002-1006.
HATCHER, B. G., A. R. O. CHAPMAN, and K. H. MANN.
1977. An annual carbon budget for the kelp Laminaria /ongicruris.
Mar. BioI. (Berl .) 44:85-96.
HAWKES, M. W.
I 977a. A field, culture and cytological study of Porphyrella gardneri Smith
& Hollenberg (Bangiales). J. Phycol. 13(Suppl.):28.
1977b. A field, culture and cytological study of Porphyra gardneri (Smith
and Hollenberg) comb. nov., (= Porphyrella gardneri Smith & Hollenberg), (Bangiales, Rhodophyta). Phycologia 16:457-469.
1978.. Sexual reproduction in Porphyra gardneri (Smith et Hollenberg)
Hawkes (Bangiales, Rhodophyta) . Phycologia 17:329-353.
HOLLENBERG, G. J.
1958. Culture studies of marine algae. II;. Porphyra per/orala. Am.
J . Bot. 45:653-656.
HONG, K. C, M. E. GOLDSTEIN, and W. A. YAP HE.
1968. A chemical and enzymic analysis of the polysaccharides from
Graci/aria. In R. Margalef (editor), Proceedings of the VI International
Seaweed Symposium, Santiago de Compostela, Spain, Sept. 9-13, 1968, p.
473-482. Subsecretaria de la Marina Mercante, Madrid.
HOSFORD , S. P. C, and E. L. McCANDLESS.
1975 . Immunochemistry of carrageenans from gametophytes and sporophytes of certain red algae. Can. J. Bot. 53:2835-2841.
HOYLE, M. D.
1975. The literature pertinent to the red algal genus Graci/aria in
Hawaii. Mar. Agron. Program Univ. Hawaii, Dep. Bot., Tech. Rep .
3, 340 p.
1978a. Agar studies in two Graci/aria species (G. bursapasloris (Gmelin)
Silva and G. coronopijolia J. Ag.) from Hawaii. I. Yield and gel strength
in the gametophyte and tetrasporophyte generations. Bot. Mar . 21:
343-345.
1978b. Agar studies in two Graci/aria species (G. bursapaslOris (Gmelin)
Silva and G. coronopijolia J. Ag.) from Hawaii . II. Seasonal aspects.
Bot. Mar. 21 :347-352.
1978c. Reproductive phenology and growth rates in two species of
Graci/aria from Hawaii. J . Exp. Mar. BioI. Ecol. 35:273-283.

HRUBY, T.
1974. A study of several factors influenCing the growth and dlStnbutlon of
Irideae cordala (lUrner) Bory in coastal waters of Washington State. M.S.
Thesis, Univ. Washington, Seattle, 68 p.
1975. Seasonal changes in two algal populations from the coastal waters
of Washington State. J . Ecol. 63:881-889.
1976. Observations of algal zonation resulting from competition Estuarme
Coastal Mar. Sci. 4:231-233 .
1978. Impacts of large scale aquatic biomass systems. Woods Hole
Oceanogr. Inst., Tech . Rep., WHOI-78-31, 25 p.
HSIAO, S. I. C
1972. Nutritional requirements for gametogenesis in Lammaria saccharina
(L.) Lamouroux. Ph .D. Thesis, Simon Fraser Univ., Burnaby. British
Columbia, 131 p.
HSIAO, S. I. C, and L. D. DRUEHL.
1971. Environmental control of gametogenesis in Laminana sacchanna.
I. The effects of light and culture media . Can. J . Bot. 49:1503-1508
1973a. Environmental control of gametogenesis in Lammaria sacchanna.
II. Correlation of nitrate and phosphate concentrations with gametogenesis and selected metabolites. Can. J. Bot. 51:829-839.
1973b. Environmental control of gametogenesis in Lammaria saccharma.
III. The effects of different iodine concentrations, and chloride and
iodine ratios. Can. J . Bot. 51 :989-997.
1973c. Environmental control of gametogenesis in Laminaria sacchanna.
IV. In situ development of gametophytes and young sporophytes. J.
Phycol. 9:160-164.
HUGUENIN, J . E.
1975. Development of a marine aquaculture research complex. Aquaculture 5: 135-150.
1976. An examination of problems and potentials for future large-scale
intensive seaweed culture systems. Aquaculture 9:313-342.
1977. A subjective analysis of alternate approaches to the mass culturing
of seaweeds. In J. W. Avault (editor), Proceedings of the Eighth
Annual Meeting World Mariculture Society, San Jose, Costa Rica. Jan.
9-13, 1977, p. 387-400. Louisiana State Univ., Division of Contmuing
Education, Baton Rouge.
HUMM, H. J.
1981. Marine benthic algae growth study off west coast of Florida. Coastal
Oceanogr. Climatol. News 3(2):18-19.
HUMM, H . J ., and J . KREUZER.
1975. On the growth rate of the red alga, Hypnea muscijormis. in
the Caribbean Sea. Caribb. J. Sci. 15:1-4.
HUNTER, C. J.
1975. Edible seaweeds-a survey of the industry and prospects for farming
the Pacific northwest. Mar. Fish. Rev. 37(1):19-26.
HUNTER, C J., and C W. NYEGAARD.
1974. Seaweed farming in Puget Sound markets and species. In Seaweed
farming in Puget Sound. Washington State Univ., Coil. Agric., Coop.
Ext. Serv , Ext. Bull. 654, p. 22-26.
IMADA, 0., Y. SAITO, and K.-I. TERAMOTO.
1972. Artificial culture of laver. In K. Nisizawa (editor), Proceedings of
the VII International Seaweed Symposium, Sapporo, Japan, Aug. 8-12.
1971, p. 358-363. Univ. Tokyo Press. Japan.
JACKSON, G. A.
I 977a. Nutrients and production of giant kelp, Macrocys(is pyn/era. off
southern California. Linmol. Oceanogr. 22:979-995.
I 977b. Nutrient ecology of giant kelp, Macrocys(/S pyri/era, off southern
California. J. Phycol. 13(Suppl.):32.
1977c. Biological constraints on seaweed culture. In A. MitsUI, S. "U)<lchl.
A. San Pietro, and S. Tamura (editors), Biological solar energy comersion.
p.437-448. Acad. Press., N.Y.
1980. Marine biomass production through sea",eed aquaculture In
A. San Pietro (editor). Biochemical and photosynthetic aspects of energy
production, p. 31-58. Acad. Press, N.Y.
JACKSON, G. A., and W. J. NORTH.
1973. Concerning the selection of seaweeds suitable for mass cull.I\<ltlon
in a number of large, open-ocean, solar energ) facilities ("manne farms",
in order to provide a source of orgaruc malter for comerston to food.
synthetic fuels. and electrical energ). US. a,a1 Weapons enter Rep,
135 p. (Mimeogr.)
JACKSON, S. G., and E L. MeGA.: DLES
1979. Incorporation of S" sulfate and C' bicarbonate mto anotypespecific polysaccharides of Chondrus crupus Planl Ph) 01
585-589.
JAMISO • D. W., and R. A. BESWICK.
In
1972. The future of 5eaV.eed culture m the state of W

S9

V. Krishmanurthy (editor), Proceedings of the Seminar on Sea, Salt a
Plants, Bhavnagar, India , Dec. 20-23, 1965, p. 327-333.
I969a. The conchoce/is phase of three species of Porphyra in culture.
Phycol. 5:42-47.
I969b. On two species of Porphyra from San Juan Island, Washington.
R. Margalef (editor), Proceedings of the VI International Seaw
Symposium, Santiago de Compostela, Spain, Sept. 9-13, 1968, p. 225Subsecretaria de la Marina Mercante, Madrid .
1972. A revision of the species of the algal genus Porphyra occur
on the Pacific coast of North America. Pac. Sci. 26:24-49.
LA CLAIRE, J. W., II, and C. J DAWES.
1976. An autoradiographic and histochemical localization pf sulfa
polysaccharides In Eucheuma nudum (Rhodophyta). J . Phycol.
368-375.
LANGTON, R. W , K. C. HAINES, and R. E. LYON .
1977. Ammonia-mtrogen production by the bivalve moUusc Tapes Japon
and its recovery by the red seaweed Hypnea muscijormis in a trop'
mariculture system. Helgollinder wiss. Meeresunters. 30:217-229.
LAPOINTE, B. E., and J A. DeBOER.
1976. The mass outdoor culture of macroscopic marine algae. Abstra
15th Northeast Algal Symposium, Manne BIological Laboratories, A
30-May I, 1976. (Xerox.)
LAPOINTE, B. E., and J. H. RYTHER.
1979. The effects of nitrogen and seawater flow rate on the growth ~
biochemical composition of Graci/ana JO/iijer'l var. angustissima In
outdoor cultures. Bot Mar 22:529-537.
LAPOINTE, B. E., L. D. WILLIAMS, J. C. GOLDMAN, and J. H. RYTHl
1976. The mass outdoor culture of macroscopic marine algae. Aq
culture 8:9-21.
LAYCOCK, M. V., and J S. CRAIGIE.
1977. The occurrence and seasonal variation of gigartinine and L-ci
linyl-L-arglnme In Chondrus crispus Stackh. Can. J . Biochem. 55:27·
LEESE, T. M.
1976. The conversion of ocean farm kelp to methane and other produ
In Symposium papers Clean Fuels From Biomass, Sewage, Urban Ref
Agncultural Wastes, p. 253-266. Institute of Gas Technology, Chicag
LEIGHTON, D. L.
1962. Locusts of the sea Skin Diver, Aug., p. 38-39.
LEIGHTON, D. L. , L. G. JONES, and W. J . NORTH.
1966. Ecological relationships between giant kelp and sea urchins in soutt
California. In E. G. Young and J . L. McLachlan (editors), Proceedi
of the V International Seaweed Symposium , Halifax, Canada, Aug . 25
1965, p. 141-153. Pergamon Press, Oxford.
LIN, M. N., G. Y. LIN, and T. L. HUANG.
1979. Preliminary report on the unprovement of Graci/aria farming.
Chin. and Engl.] Aquaculture 2(3):22-3 1.
LOBBAN, C. S.
1975. Translocation strategy in Macrocystis pyriJera. J . Phycol.
(Suppl.):IO-II.
1977. Translocation of 14-C in the giant kelps Macrocystis inregri
and M. pyriJera. J . Phycol. 13(Suppl.):42.
1978a. The growth and death of the Macrocystis sporophyte (ph
phyceae, Laminariales). Phycologia 17:196-212.
1978b. Translocation of "c in Macrocystis pyrijera (Giant kelp). R
Physiol. 61 :585-589.
1978c. Growth of Macrocystis integrijolia in Barkley Sound, Vanco
Island, B.C. Can. J. Bot. 56:2707-2711.
LOWRY, L. F., A. J. McELROY, and J. S. PEARSE.
1974. The distribution of six species of gastropod moUuscs in a Califo
kelp forest. BioI. BuU. (Woods Hole) 147:386-396.
LOWRY, L. F., and J. S. PEARSE.
1973. Abalones and sea urchins in an area inhabited by sea otters.
BioI. (Berl.) 23:213-219.
LUBCHENCO, J., and B. A. MENGE.
1978. Community development and persistence in a low rocky inte
zone. Ecol. Monogr. 59:67-94.
LUNING, K.
1970. Cultivation of Laminaria hyperborea in situ iilld in con tim
darkness under laboratory conditions . HelgoHinder wiss . Meeresun
20:79-88.
1979.. Growth strategies of three Laminaria species (phaeophycaea)
hablting different depth zones in the sublittoral region of Helgoland (N
Sea). Mar. Ecol. Prog. Ser. 1:195-207.
LUNING, K., A. R. O. CHAPMAN, and K. H. MANN .
1978. Crossing experiments in the non-<iigitate complex of Laminaria fl
both SIdes of the Atlantic. Phycologia 17:293-298.

Nisizawa (editor), Proceedings of the VII International Seaweed Symposium, Sapporo, Japan, Aug. 8-12, 1971, p. 346-350. Univ. Tokyo
Press, Japan.
JOHNSTONE, G. R., and F. L. FEENEY.
1944. Periodicity of Gelidium carti/agineum, a perennial red alga. Am. J.
, Bot. 31:25-29.
JOKELA, A. T. , and A. W. JOKELA.
1977. Water reclamation, aquaculture and wetland management. In
Coastal Zone '78, Symposium on Technical, Environmental, Socioeconomic and Regulatory Aspects of Coastal Zone Management, San
FranCISCo, Calif., Mar. 14-16, 1978, p. 2176-2188. American Society of
Civil Engineers, N. Y.
JONES, G., and W. FARNHAJ'vl.
1973. Japweed. new threat to British coasts. New Sci. 8:394-395.
JONES, W. E., and E. S. DENT.
1970. Culture of marine algae using a re-circulating sea water system.
HelgoHinder wtss. Meeresunters. 20:70-78.
KAIN, J. M.
1979. A VlcW of the genus Laminaria. Oceanogr. Mar. BioI. Annu.
Rev. li:101-161.
KANE T.
1970. Aquaculture and the law. Univ. Miami Sea Grant Tech. Bull. 2,
98 p.
KAPRAUN, D. F., and D. G. LUSTER.
1980. Field and culture studies of Porphyra rosengurtii CoU et Cox (Rhodophyta, Bangiales) from orth Carolina. Bot. Mar. 23:449-457
KAZAMA, F Y.
1979. Pyth,um "red rot disease" of Porphyra. Experientia 35:443-444.
KEMP, C. 1., and T. F. MUMFORD.
1976. The mariculture of Iridaea cordata (Turner) Bory (Rhodophyta,
Gigartinales) on nets. I. Seeding techniques, substrate preferences and
projected yields. Supplemental abstract, for the meetings of the Phycological Society of America at Thlane University, New Orleans, La., May
30-June 4, 1976. (Mimeogr.)
KENT, G. R., and R. G. BUGGELN.
1972. Quantitative survey of Chondrus crispus in Bay of Islands, Newfoundland. Memorial Univ., Mar. Sci. Res. Lab., Tech. Rep. 5, 20 p.,
St. John, Newfoundland.
KlM, C. S., and H J HUMM.
1965. The red alga, Graci/aria Joliijera, with special reference to the ceU
wau polysaccharides. BuU. Mar. Sci. 15:1036-1050.
KIM,D.H.
1970. EconomicaUy important seaweeds in Chile-I. Graci/aria. Bot. Mar.
13:140-162.
1976. A study of the development of cystocarps and tetrasporangial sori
in Gigartinaceae (Rhodophyta, Gigartinales). Nova Hedwigia 27: 1-146.
KIM, D. H., and R. E. NORRIS.
1974. Possible pathways of world distribution of the Gigartinaceae. In
Scientific Programme and Abstracts of Papers, VIII International Seaweed Symposium, Bangor, Wales, Aug. 17-24, 1974, Abstr. A51.
KlNNE, 0., and H.-P. BULNHEIM (editors).
1970. International Helgollind Symposium, Cultivation of marine organisms
and its importance for marine biology. Helgollinder wiss. Meeresunters.
20:1-721.
KlRAN, E., I. TEKSOY, K C. aiiVEN, E. GULER, and H. GUNER.
1980. Studies on seaweeds for paper production. Bot. Mar. 23:205-208.
KOHLMEYER, J.
1973. Fungi from marine algae. Bot. Mar. 16:201-2 15.
1979. Marine fungal pathogens among Ascomycetes and Deuteromycetes.
Experientia 35:437-439.
KORNMANN, P.
1970. Advances in marine phycology on the basis of cultivation. Helgollinder wiss. Meeresunters. 2O:39~1.
KORRINGA, P.
1976. Farming marine organisms low in the food chain; a multidisciplinary
approach to edible seaweed, mussel and clam production, 264 p. Elsevier
Sci. Publ. Co., Amsterdam.
KRAFT, G. T.
1970. The red algal genus Eucheuma in the Philippines. Univ. Hawaii,
Hawaii Bot. Sci. Pap. 18, 358 p.
KRAUSS, R. W. (editor).
1977 The manne plant bIomass of the Pacific northwest coast. Oregon
State Univ. Press, Corvallis, 397 p.
KRISHNAMURTHY, V.
1967. Manne agla CUltivation-necessity, principles and problems. In

60

"NING, K., and M. NEUSHUL.
1978. Light and temperature demands for growth and reproduction of
laminarian gametophytes in southern imd central California. Mar. BioI.
(Berl.) 45 :297-309.
UTWICK, G. D.
1973. Seasonal variation of chemical composition of Chondrus crispus.
N .S. Res. Found., Rep. Proj. 3036.
acFARLANE, C. I.
1968. The cultivation of seaweeds in Japan and its possible application in
the Atlantic Provinces of Canada. Dep. Fish. Can., Ind . Dev. Serv.,
Proj. Rep. 20, 96 p.
cCANDLESS, E. L.
1974. Biological regulation of carrageenan structure. In Scientific Programme and Abstracts of Papers, Vlll International Seaweed Symposium,
Bangor, Wales, Aug. 17-24, 1974, Abstr. P4.
cCANDLESS, E. L., and J. S. CRAIGIE.
1974. Reeyaluation of seasonal factors involved in carrageenan production
by Chondrus crispus: carrageenans of carposporic plants. Bot. Mar.
17:125-129.
cCANDLESS, E. L., J. S. CRAIGIE, and J. E. HANSEN.
1975. Carrageenans of gametangial and tetrasporangial stages of Iridaea
cordata (Gigartinaceae). Can J. Bot. 53:2315-2318.
cCANDLESS, E. L., J. S. CRAIGIE, and J. A. WALTER.
1973. Carrageenans in the gametophytic and sporophytic stages of
Chondrus crispus. Planta (Berl.) 112:201-212.
cCANDLESS, E. L., W. T. OKADA, J. N. A. LOTT, C. M. VOLLMER,
and E. M. GORDON-MILLS.
1977. Structural studies of Chondrus crispus: the effect of extraction of
carrageenan. Can. J. Bot. 55:2053-2064.
cDOUGALL, W. D.
1972. Annual Report 1971172, Marine plants experimental station, Miminegash, Prince Edward Island. Environ. Can., Fish. Mar. Serv., 41 p.
1974. Annual Report 1973174, Marine plants experimental station, Miminegash, Prince Edward Island. Environ. Can. , Fish. Mar. Serv., 51 p.
VlclNTlRE, C. D.
1977. Marine plant production and utilization-a systems perspective. In
R. W. Krauss (editor), The marine plant biomass of the Pacific northwest coast, p. 315-333. Oregon State Univ . Press, Corvallis.
cLACHLAN, J.
1979. Graci/aria tikvahiae sp. nov . (Rhodophyta, Gigartinales, GraciJariaceae), from the northwestern Atlantic. Phycologia 18:19-23 .
cLACHLAN, J., J. S. CRAIGIE, L. C.-M. CHEN, and E. OGATA.
1972. Porphyra linearis Grev.-an edible species of nori from Nova Scotia.
In K. Nisizawa (editor), Proceedings of the VII International Seaweed
Symposium, Sapporo, Japan, Aug. 8-12, 1971, p. 473-476. Univ.
Tokyo Press, Japan .
cLACHLAN, J., and T. EDELSTEIN.
1977 . Life-history and culture of Graci/aria jOliijera (Rhodophyta) from
south Devon. J . Mar. BioI. Assoc. U.K. 57:577-586.
cLACHLAN, J., J. P. van der MEER, and N. L. BIRD.
1977. Chromosome numbers of Graci/aria joliijera and Graci/aria sp.
(Rhodophyta) and attempted hybridizations. J. Mar. BioI. Assoc. U.K.
57: 1137-1141.
N, K. H.

I972a. Ecological energetics of the seaweed zone in a marine bay on [he
Atlantic Coast of Canada. I. Zonation and biomass of seaweeds. Mar.
BioI. (Berl.) 12:1-10.
I972b. Ecological energetics of the sea-weed zone in a marine bay on the
Atlantic Coast of Canada. II. Productivity of the seaweeds. Mar.
BioI. (Berl.) 14:199-209.
1973 . Seaweeds: their productivity and strategy for growth. Science
(Wash., D.C.) 182:975-981.
1977. Destruction of kelp-beds by sea-urchins: A cyclical phenomenon or
irreversible degradation? Helgollinder wiss. Meeresunters. 30:455-467.
MANN, K. H., and P. A. BREEN.
1972. The relation between lobster abundance, sea urchins, and kelp beds .
J. Fish . Res. Board Can. 29:60Hi09.
MANN, K. H., and A. R. O. CHAPMAN.
1975. Primary production of marine macrophytes . In J. P. Cooper
(editor), Photosynthesis and productivity in different environments.
International Biological Programme, Vol. 3, p. 207-223. Cambridge Univ.
Press, G.B.
MARKHAM, J. W., K. diNING, and K.-R. SPERLING.
1979. Automatic culture systems for growing Laminaria saccharina (Phaeophyceae) and testing the effects of pollutants. In A. Jensen and J. R.
Stein (editors), Proceedings of the IX International Seaweed Symposium,

Santa Barbara, Calif. (U.S.A.), 20-27 Aug. 1977, p. 153-159. Sci
Press, Princeton.
MATHIESON, A. C.
1969. The promise of seaweed. Oceanol. Int. 4(1):37-39.
1975. Seaweed aquaculture. Mar. Fish. Rev . 37(1):2-14.
In press. Reproductive phenology and sporeling ecology of Chondrus
crispus Stackhouse. Proc. Cult. UtiJ. Econ. Algae, Repub . China-U.S.
Coop. Sci. Program, June 5-7, 1978, Guam.
MATHIESON, A. C., and R. L. BURNS.
1971. Ecological studies of economic red algae. I. Photosynthesis and
respiration of Chondrus crispus Stackhouse and Gigartina stellata (Stackhouse) Batters. J. Exp. Mar. BioI. Ecol. 7:197-206.
1975. Ecological studies of economic red algae. V. Growth and reproduction of natural and harvested populations of Chondrus crispus Stackhouse in New Hampshire. J. Exp. Mar . BioI. Ecol. 17:137-156.
MATHIESON, A. C., and C. J. DAWES.
1972. Photosynthesis and respiration of Florida Eucheuma species. 1.
Phycol. 8(Suppl.): 15 .
1974. Ecological studies of Floridian Eucheuma (Rhodophyta, Gigartinales).
II. Photosynthesis and respiration. Bull. Mar. Sci. 24:274-285.
MATHIESON , A. C., and T. L. NORALL.
1975. Photosynthetic studies of Chondrus crispus. Mar. BioI. (Berl.)
33:207-213.
MATHIESON, A. C., and E. TVETER.
1974. Carrageenan ecology of Chondrus crispus and Gigarlina stellata. In
Scientific Programme and Abstracts of Papers, VIII International Seaweed Symposium, Bangor, Wales, Aug. 17-24, 1974, Abstr. B16.
1975. Carrageenan ecology of Chondrus crispus Stackhouse. Aquat.
Bot. 1:25-43 .
1976. Carrageenan ecology of Gigarlina stellata (Stackhouse) Batters.
Aquat. Bot. 2:353-361.
MEADE, T. L.
1976. Closed system salmonid culture in the United States. Univ. Rhode
Island , NOAA Sea Grant, Mar. Advis. Serv., Mar. Memo . 40, 16 p.
MEER, J. P. van der.
1976. A contribution towards elucidating the life history of Pa/maria
pa/mata (=Rhodymenia pa/mata). Can. J. Bot. 54:2903-2906.
1977. Genetics of Graci/aria sp. (Rhodophyceae, Gigartinales) II. The
life history and genetic implications of cytokinetic failure during tetraspore formation. Phycologia 16:367-371
1978. Genetics of Graci/aria sp. (Rhodophyceae, Gigartinales) Ill. Nonmendelian gene transmission. Phycologia 17:314-318.
1979a. Genetics of Graci/aria sp. (Rhodophyceae, Gigartinales). V. Isolation and characterization of mutant strains. Phycologia 18:47-54.
I979b. Genetics of Graci/aria likvahiae (Rhodophyceae) VI. Complementation and linkage analysis of pigmentation mutants. Can. J. Bot. 57:
64-68.

MEER, J . P. van der, and N. L. BIRD.
1977. Genetics of Graci/aria sp. (Rhodophyceae, Gigartinales) I. Mendelain
inheritance of two spontaneous green variants. Phycologia 16:159-161.
MEER, J. P. van der, and L. C.-M. CHEN.
197'1. Evidence for sexual reproduction in the red algae Pa/maria pa/mala
and Ha/osaccion ramentaceum. Can. J . Bot. 57:2452-2459.
MEER, J. P. van der, and E. R. TODD .
1977. Genetics of Graci/aria sp. (Rhodophyceae, Gigartinales). IV. Mitotic
recombination and its relationship to mixed phases in the life history.
Can. J. Bot. 55:2810-2817.
MERRILL, J. E., and J. R. WAALAND.
1978. An investigation of photosynthetic rates in a fast growing strain
of the red alga Gigartina exasperata. J. Phycol. 14(Suppl.):38.
1979. Photosynthesis and respiration in a fast growing strain of Gigartma
exasperala (Harvey and Bailey). J . Exp. Mar. BioI. Ecol. 39:281-290.
MICHANEK, G.
1975 . Seaweed resources of the ocean. FAO Fish. Tech. Pap. 138, 127 p.
1978. Trends in applied phycology with a literature review' Seaweed
farming on an industrial scale. Bot. Mar. 21 :469-475 .
MITSUI, A., S. MIYACHI, A. SAN PIETRO, and S. TAMURA.
1977. Biological solar energy conversion. Acad. Press., . Y., 454 p.
MOELLER, H. W., A. C. CHURCHILL, and S GIORDANO.
1973. Experimental farming Chondrus cnspus in temperate and tropical
waters. J. Phycol. 9(Suppl.): II.
MOLLlON, J.
1979. Seasonal variations in carrageenan from Hypnea muscijormlS, (Flondeophyceae) in Senegal. In A. Jensen and J. R. Stein (editors),
Proceedings of the IX International Sea"eed SympoSIUm, Santa Barbara
Calif. (U.S.A.), 20-27 Aug. 1977, p. 233-240. Sci. Press, Princeton.

MOLLlON, M. J.
1973. Etude pr~liminaire des Hypnea au Senegal comme source de phycocolloides. Bol. Mar. 16:221-225.
MOON, R. E., and C. J. DAWES.
1976a. Pigment changes and photosynthetic rates under selected wavelengths
in the growing tips of Eucheuma isiforme (c. Agardh) J . Agardh var
denudatum cheney during vegetative growth. Br. Phycol. J. 11:165-174.
1976b. Pigment changes and photosynthetic rates under selected wavelengths in the growing tips of Eucheuma lSiforme (C. Agardh) J
Agardh var. denudatum Cheney during vegetative growth. J . Phycol.
12(Suppl.): 12.
MORGAN, K. C. , J. L. C. WRJGHT, and F. J. SIMPSON.
1980. Review of chemical constituents of the red alga Pa/mana pa/mala
(Dulse) . Econ. Bol. 34(1):27-50.
MOSS, J . R.
1977. Essential considerations for establishing seaweed extractIon factories .
In R. W. Krauss (editor), The marine plant biomas of the PacHic
northwest COltSt, p . 301-314. Oregon State Univ. Press, Corvallis.
MSHIGENI, K. E.
1974. An extended review of the literature on Hypnea, a red algal genus
Univ. Hawaii, U.S. Sea Grant Program, Marine Agronomy, Tech . Rep.
2, 221 p. (Mimeogr.)
1976a. Effects of the environment on developmental rates of sporelings of
two Hypnea species (Rhodophyta : Gigartlnales). Mar. Bioi (Berl.)
36:99-103.
1976b. Development studies in Hypnea cervicornis J. Agardh and Hypnea
chordacea Klitzing: spore germination . Bol. Mar. 19:217-221
1976c. Holdfast and shoot differentiation in the sporelings of Hypnea
cervicornis J. Agardh (Rhodophyta, Gigartinales). Bol. Mar. 19:223-226.
1976d. Field cultivation of Hypnea (Rhodophyta) spores for carrageenan :
prospects and problems. Bol. Mar . 19:227-230.
1976e. Stuclies on the reproduction of selected species of Hypnea (Rhodophyta, Gigartinales) from Hawaii. Bol. Mar. 19:341-346.
1977. Seasonal changes in the standing crops of three Hypnea species
(Rhodophyta, Gigartinales) in Hawaii . Bot. Mar. 20:303-306.
1978. Effects of nitrate fertilizer on the growth of the econorruc seaweed
Hypnea Larnouroux (Rhodophyta, Gigartinales) . Nova Hedwigia 19:
231-236.
1979. Contributions on the content, seasonality and gelling propertIes ot the
phycocolloid from three Hypnea species from Hawaii . In H. A. Hoppe,
T. Levring, and Y. Tanaka (editors), Marine algae in pharmaceutical
science, p. 721-746. Walter de Gruyter, Berlin.
MSHIGENI, K. E., and W. R. MZlRAY .
1979. Stuclies on the littoral ecology and ecophysiology of the carrageenophytes, Hypnea musciformis (Wulfen) Larnouroux and H. va/entiae
(Throer) Montagne in Tanzania. In H. A . Hoppe, T. Levring, and Y.
Tanaka (eclitors), Marine algae in pharmaceutical science, p. 747 -782.
Walter de Gruyter, Berlin.
MUMFORD, T. F., Jr.
1973a. Observations on the taxonomy and ecology of some species of
Porphyra from Washington and Vancouver Island, British Columbia.
Ph .D. Thesis, Department of Botany, Univ. Washington, Seattle,
215 p.
1973b. A new species of Porphyra from the west coast of North America.
Syesis 6:239-242.
1975. Observations on the clistribution and seasonal occurrence of Porphyra sch;zophylla Hollenberg, Porphyra torta Krishnamurthy, and Porphyra bruma/is sp. nov. (Rhodophyta, Bangalies). Syesis 8:321-332.
1977a. Some biological, legal, social, and economic aspects of the culture
of the red alga Iridaea cordata on nets in Puget Sound. In The
use, study and management of Puget Sound, Proceeclings March 23-25,
1977, p . 221-229. Univ. Washington, Seattle.
1977b. Growth of Pacific northwest marine algae on artificial substrates-potential and practice. In R. W . Krauss (eclitor), The marine
plant biomass of the Pacific northwest coast, p. 139-161. Oregon State
Univ . Press, Corvallis.
1979. Field and laboratory experiments with Iridaea cordata (FJorideophyceae) grown on nylon netting. In A. Jensen and J . R. Stein (eclitors),
Proceedings of the IX International Seaweed Symposium, Santa Barbara,
Calif. (U.S.A.), 20-27 Aug. 1977, p. 515-523. Sci. Press, Princeton.
MUMFORD, T. F. , Jr., D. MELVIN, and K. CONTE.
1979. Pilot-scale aquaculture using nylon nets innoculated with tetraspores
of the carrageenophyte Iridaea cordata (Turn .) Bory (Rhodophyceae,
Gigartinales). J. Phycol. 15(Suppl.):20.
NAYLOR, J.
1976. Production, trade and utilization of seaweeds and seaweed products.

FAO

Fi~h .

Tech . Pap 15'J, 73 p .

NEISH, A. C
1968. Marine agriculture - the prospects are good for crops from the
sea. Sci. Forum 1(4): 15- 16.
NEISH, A . c., and C. H FOX .
1971 Greenhouse experiment on the vegetatIve propagation of Chondru.
CrlSpUS (lmh moss).
Natl. Res . Counc . Can, Atl. Reg. Lab . Tech
Rep . 12, 35 p.
NEISH, A
and P. F. SHA KLOCK .
1971
Greenhouse experiment (1971) on the propagation of tram T4 0
Irish moss . Natl. Res . Coune. Can. Atl. Reg. Lab . Tech Rep 14, 25 p
NEISH. A C. P F. SHACK I DeK, C. H lOX , and f . J SIMPSO
1977. The cultivatIon of Chrondrus crupus. Factors affectmg growth und
greenhouse conditions. Can 1. Bot ~~ 2263·2271
NEISH.1. C
1976a . Role of mancuJture In the Canadian $C3",eed mdu ry . J .
Res . Board Can . 33:1007-1014
I 976b. Culture of algae and seaweeds. FAO Tc.:hmcal Conference 0
Aquaculture, Kyoto. Japan. 26 1ay·2 Junt 1966. FAO, FIR '
Conf 1761R.I, 13 p.
1979 Principles and peOpecll'es m the rulll'allon of SC3"eedS In tnd
systems . In B. Santeltces (ednor). Actas Primer SymposIUm Sobrt
Marinas Chlleanas. p. 59-47 Sub$ccret.ana de P~,
Economla. ChIle.
NE ISH. l. C • and L B. K~UTSO •
1979 The SIgnificance of del1.Slty, susptlUlon and ... ater movement dun
commerCIal propagallon of macroph)1e clones. In A Jensen and J R
Stein (editors). Proceedm of the IX Incernallonai Sea",eed S,mposlu
Santa Barbara. Calif (l; S .). 2().~7 ug. 197 , p. 451-461. 5..,. Pr
Princeton .
EUSHUL, M.
1974. The ocean 8.5 a cullure dl h: expenmental studies of benthiC al
In Scientific Programme and Ab racts of Papen. \111 InternalJO
Seaweed SymposIUm. Bangor, Wales. Aug . 17-24. 1974. Absu . P3 .
1977. The domestl lion of the !!Iant kelp, \facrocyslls. as a manne p
b,omass produ= In R . .... . KraU5S (editor). The mannt plant b,o
of the Pacific north ... esl COSSI. p. 163-1 I Oregon Stale Urn'.
Corvallis .
In press. Sea .... eed ....ild crop nature and mtergenenc geneucs. Pr
Cult. Uti!. Eeon . Algae, Repub Cltina- .S. Coop. Sci . Program. Jun
5-7, 1978, Guam
NEUSHUL. M .• A. C CHARTERS, D. C. COON. W. WHEELER. B. \\
HARGER . and J . WOESSNER
1977. Studies on the gro ....'h and rtproduction of the giant
rocystlS. J. Phycol. I3(Suppl.): 77.
NELSHUL. M .• D. A. COON. and A. C CHARTERS.
1972. Direct observations of algal pores under natural conclitions. In
Nisizawa (editor). Proceedings of the VII International Sea .... eed S
posium. Sapporo. Japan. Aug. 8-12, 1971. p. 231-236. Uni, Tok)'
Press. Japan
NEUSHUL, M .• M. S. FOSTER. D. A. COON. J W. WOESSNER. an
B. W . W. HARGER.
1976. An in situ study of recruitment. growth and sur.i,·a1 of subtld
marine algae: techniques and prelirrunary results. J. Phycol. 12:39 -408
NEUSHUL. M .• and J . H . POWELL.
1964. An apparatus for experimental cultivation of benthic marine alga
Ecology 45 :893-894.
NICOTRI, M . E .
1977. The impact of crustacean herbivores on cultured seaweed popuiatio
Aquaculture 12:127-136.
NORJUS. R. E., and D. H . KIM .
1972. Development of thalli in some Gigartinaceae. In l. A . Abbott an
M. Kurogi (eclitors), Contributions to the systematics of benthic m
algae of the North Pacific. p. 265-275. Jpn. Soc. Phycol.. Kobe.
NORTH, W. J .
1964. Experimental transplantation of the giant kelp. Macrocystis pynfe
In A . D. Davey de Virville and 1. Feldmann (eclitors), Pr()C(.edings
the IV International Seaweed Symposium, Biarrilz. France, Sept. 181961, p. 248-255. Macmillan Co .• N. Y.
NORTH. W. 1. (eclitor).
1971. The biology of giant kelp beds (Macrocystis) in California. Nov;
Hedwigia 32, 600 p.
NORTH, W. J.
19718. Observations on popUlations of Macrocystis. In l. A. Abbott an
M. Kurogi (editors), Contributions to the systematics of benthic marin
algae of the North Pacific, p. 75-92. Jpn. Soc. PhycoL, Kobe.

1972b. Mass-cultured Macrocys/is as a means of increasing kelp stands in
nature . In K. Nisizawa (editor), Proceedings of the VII International
Seaweed Symposium, Sapporo, J,apan, Aug. 8- 12, 1971 , p. 394-399.
Univ . Tokyo Press, Japan.
1972c. Annual report, kelp habitat improvement project, 1970-71. Calif.
Inst. Technol., 150 p.
1973 . Annual report, kelp habitat improvement project, 1971 -72. Calif.
Inst. Technol., 200 p.
1974. Use of Macrocys/is embryos, grown in mass cultures, to restore
depleted kelp beds. In Scientific Programme and Abstracts of Papers,
Vlll International Seaweed Symposium, Bangor, Wales, Aug . 17-24,
1974, Abstr. A45 .
1976. Aquacultural techniques for creating and restoring beds of giant kelp,
Macrocys/is spp . J . Fish . Res. Board Can. 33:1015-1023 .
1977a. Possibilities of biomass from the ocean: the marine farm project.
In A. Mitsui , S. Miyachi, A. San Pietro, and S. Tamura (editors),
Biological solar energy conversion, p. 347-361. Acad . Press., N.Y.
I 977b. Growth factors in the production of giant kelp. Symposium
papers, Clean Fuels from Biomass and Wastes, Orlando, Fla ., Jan. 1977,
p . 128-140. Institute of Gas Technology, Chicago.
1977c. Algal nutrition in the sea-management possibilities . In R. W.
Krauss (editor), The marine plant biomass of the Pacific northwest
coast, p. 215-230. Oregon State Univ. Press, Corvallis.
1978. The oceanic setting as a site for biomass production . In Fuels
from Biomass Symposium, p. 99-114. Univ . Illinois, Champaign.
I 979a. Adverse factors affecting giant kelp and associated seaweeds .
Experientia 35 :445-447 .
1979b. Evaluacion, manejo y cultivo de praderas de Macrocys/is. In B.
Santelices (editor), Aetas Primer Symposium Sobre Algas Marinas
Chilenas, p. 75-128 . Subsecretaria de Pesca, Ministerio de Economia,
Chile.
RTH, W. J . , and P. A . WHEELER.
1977 . Nutritional requirements of the giant kelp Macrocys/is (Phaeophyceae). In A . Jensen and J . R. Stein (editors), Proceedings of the
IX International Seaweed Symposium, Santa Barbara, Calif. (U.S.A.),
20-27 Aug . 1977, p . 67-78 . Sci. Press, Princeton .
ZAKI,A .
1971. Seaweeds and their uses in Japan . Tokai Univ. Press , Tokyo ,
165 p.
SWALD, W . J ., and J . R. BENEMANN .
1977. A critical analysis of bioconversion with microalgae. In A . Mitsui,
S. Miyachi, A . San Pietro, and S. Tamura (editors), Biological solar
energy conversion, p. 379-3%. Acad . Press . , N .Y.
CE, D .
1974. Kelp community development in Barkley Sound, British Columbia
following sea urchin removal . In Scientific Programme and Abstracts
of Papers, VIll International Seaweed Symposium, Bangor, Wales, Aug.
17-24, 1974, Abstr. A21.
CKARD, J .
1977 . Field studies on the perennial crustlblade complex of Iridaea corda/a
(Gil!artinaceae; Rhodophyta). J . Phycol. 13(Suppl.):52.
RKER , H . S.
1974. The culture of the red algal genus Eucheuma in the Philippines.
Aquaculture 3:425-439.
1976. Seaweed farming in the Sulu Sea. Oceans 9(2) : 12- /9 .
1977 . Seaweed: an important resource with a promising future . Maritimes
21(3):/-3.
TELL, 1. M .
1972. A preliminary feasibility study of Irish moss harvesting systems.
Mass . Inst. Technol. Rep . 72-14, 64 p .
RSE , J . S., and A. H . HINES.
1977a. Ecological studies in a kelp forest inhabited by sea otters. J .
Phycol. 13(Suppl.):52 .
1977b . The expansion of a kelp forest following mass mortality of a
localized population of sea urchins. Supplemental abstract #481, pre·
ented at the IX International Seaweed Symposi um, University of Cali·
fornia , Santa Barbara, Calif. (U.S.A.), 20-27 Aug. 1977. (Xerox.)
E NIMAN, C. A.
1977 .
easonal chemical and reproductive changes m Craci/ana jobi/era
(For k .) B0rg . from Great Bay, ew Hampsture (U.S.A.). J. Phycol.
I3(Suppl.):53.
KMERE, . E., M. J . PARSONS , and R. W. BAILEY.
1973. Composition of Cigar/ina carrageenan in relallon to sporophyte and
gametophyte stages of the life cycle. PhytochemistI) 12:2441-2-14-1.
1975. Variation in carrageenan le\els and composition in three
e....
Zealand species of Clgartlna
.Z. J . Sci I :5 5·590.

POLANSHEK, A R.
1974. Hybndization tudies on C'Kar/rna aRard/w and the game ph 1 of
Pe/roce/IS jranCIScana. J . Phycol. lOt: uppl.):3.
1975. HybridlZ.atJon studies on cultured Pe/roce/IS peel from Cllliforrua
and the Aleutians. J . Phycol II( upp!') · 17.
POLANSHEK, A. R., and J. A. WEST.
1975. Culture and hybridization studies on Pe/roceiLs (Rhodoph)1a) Ir m
Alaska and California. J. Phyco!. II 434-439
1976. The relallonshlp of Pe/roce/IS mlddendorfJiI and P. crum/a an
evaluation of culture and hybridization slUmes. J. Ph)col. 12( upp!.)
25·26.
1977. Culture and hybridization studies on Cigar/rna papillaia (Rhodophyta) . J . Phycol. 13: 141 · 149.
POLNE, M ., A. GIBO R, and M . NEUSHUL.
19W. T he use of ultrasound for the removal of macro-algal eplph)1es
Bot. Mar . 23:731 -734.
PRINCE, J . S.
1974. Nutrient assimilation and growth of some seaweed in ml~tures of
sea water and secondary sewage treatment efOuent . Aquaculture
4:69-79.
PRINCE, J . S., and J . M. KINGSBURY.
1973a. The ecology of Chondrus crispus at Plymouth , M
chu~tl5 . 1
Ontogeny, vegetative anatomy, reprodUCtion, and tife cycle . Am J Bot
60:956-%3.
1973b. The ecology of Chondrus CrlSpUS at P lymouth, Mas,achu5eltl. 11
Field studies. Am . J . Bot. 60:964-975
1973c. The ecology of Chondrus CrlSpUS at Plymouth, Massach~ts . III
Effect of elevated temperature on growth and SUl'Vlval. BIOI Bull
(Woods Hole) 145 :580-588.
PRINGLE, J.
1976. The marine plant industry . commerCially Important 'PCC'CS and
resource management. In G. McKay and K. McKay (editors), Proceedm!!,
of the Bras d'Or Lakes Aquaculture Conference, p. 161·181. College
of Cape Breton Press, Sydney. N.S.
PRINGLE, J . D .
1979. Aspects of the ecological impact of Chondru.5 crlSpUJ (Flondeophyceae) harvesting in Eastern Canada. In A. Jen~n and J . R. tem
(editors), ProceeciJngs of the IX International Seaweed Sympo lum, Santa
Barbara, Calif (U.S. A .), 20-27 Aug. 1977 , p. 225·232. Sci Press.
Princeton.
PRINGLE, J. D., and D. J. JONES.
19W. The IIIteraction of lobster, scallop, and Imh mo;~ fisheries orf Borden,
Prince Edward Island. Can. Tech Rep. Fish. Aquat. Sci 971, 10 p.
PRINGLE, J. D., J . MURCHISON, and D. JONES.
1979. A study to develop a replacement for the basket-dragrakr lor
Chondrus harvesters of the southern Gulf of St. Lawrence En'iron
Can., Fish Mar. Serv., Invertebr. Mar. Plants D,v, Reseur. Branch,
Halifax, N S., Manuscr Rep . 14%,48 p .
PRINGLE, J. D., and R. E. SEMPLE.
1976. A preIurunary assessment of the ecolOgical Impad of an expenmental
Chondrus (Irish moss) harvester off coastal Pnnce Ed"'ard Island
EnV1ron. Can., Fish Mar. Serv ,Halifax,
S., Tech Rep "ARtf·" I,
28 p.
1978. The incidental harvest of Immature Chondrus (IISPUS (Iruh
and its possible effects on commercial )'leld. Fhh . lar Serv, III erte r
Mar Plant DiY ., Resour. Branch, Halifax, . ., Tech Rrp
,7 P
PRINGLE, J. D., and G. J. SHARP
19W. Muilispecies resource mangemrnt of econonucnJly Importanl mannc
plant commUnities of eastern Canada Hdgoland..
l=sun en
33:711·720.
PUESCHEL, C \1 .
1979 UltraStructure of trtrasporogen
III Palmaria pa/mD/Q (Rhodo )u)
J Phycol 15'409-414 .
RANDALL, J. E.
1%5
Grazing effect on sea
Inmes Ecolo 46:~55-~ .
RAO, P. ,S J T R~ o\DE, and K.
19
Sea",eed as source of mer
on blOgas producuon . Bot \Iar
RHEE. C., and \\ . R. BRIGG
1977. Some responses of Chondrus crupus to
t I
m the natural ha lUll Bot Gaz.. 13 123 I.
RHOADES, G J

RICOHERMOSO, M. A., and L. E. DFVEAU.
1979. Review of commercial propagation of Eucheuma (F1orideophyceae)
clones in the Philippines. In A. Jensen and J. R. Stein (editors),
Proceedings of the IX International Seaweed Symposium, Santa Barbara,
Calif. (U .S.A.), 20-27 Aug. 1977, p. 525-531. Sci. Press . Princeton .
RING, P. D ., and R. L. VADAS.
1972. Morphological development of Chondrus cnspus and G'garrtna
stellata in culture. J. Phycol. 8('>uppl.): II.
ROBBINS, J . V.
1979. Effects of physical and chemical factors on photosynthetic and
respiratory rates of Pa/maria pa/mata (F1orideophyceae). In A Jensen
and J . R . Stein (editors), Proceedings of the IX International Seaweed
Symposium , Santa Barbara, Calif. (U.S.A.), 20-27 Aug. 1977, p. 273-283.
Sci. Press, Princeton.
ROELS, O. A.
1975. The economic contribution of 'artificial upwelling' mariculture to seathermal power generation. In G. L. Dugger (editor), Proceedings, Third
Workshop on Ocean Thermal Energy Conversion (OTEC) , 8-10 May
1975, Houston, John Hopkins Univ., Appl. Phys . Lab, APLlJHU SR
75-2:128-130.
I
ROELS, O. A., R. D. GERARD, and A. W. H. BE.
1971. Fertilizing the sea by pumping nutrient-nch deep water 10 the
surface. In J . D. Costlow, Jr. (editor), Fertility of the sea, p. 401-415.
Gordon and Breach Sci. Publ., N.Y.
ROELS, O. A., R. D. GERARD, K. C. HAlNES, and P. CENTENO
1970. Artificial upwelling. Offshore Technol. Conf, Reprint 1179, p.
317-324.
ROELS, O. A., K. C. HAlNES, and J. B. SUNDERLIN
I 976a. The potential yield of artificial upwelling mariculture. In G.
Persoone and E. Jaspers (editors), Proceedings of the 10th European
Symposium on Marine Biology, Ostend, Belgium, Sept. 17-23, 1975, Vol.
I, p. 381-390. Universa Press, Wettern .
I976b. The potential yield of artificial upwelling mariculture. In J. C.
Valle (editor), Proceedings of the International Symposium on Coastal
Upwelling, Nov. 18-19, 1975, Coquimbo, Chile, p . 11 -18. FunJacion,
Chile.
ROSENTHAL, R. J., W. D . CLARKE, and P . K. DAYTON .
1974. Ecology and natural history of a st3.luJ of giant kelp, MacroC)'stis
pyrijera, off Del Mar, California. Fish. Bull ., U.S. 72:670-684.
RYTHER, J. H.
1975. Preliminary results with a pilot plant waste recycling marineaquaculture system. Woods Hole Oceanogr. Inst , Tech. Rep . WHOI75-41,50 p
RYTHER, J. H. (editor).
1976. Marine polyculture based on natural food chains and recycled
wastes. Woods Hole Oceanogr. lnst. , Tech. Rep. WHOl-76-92,
300 p.
RYTHER, J. H.
1977. Preliminary results with a pilot-plant waste recycling-marine aquaculture system. In F. M. D'itri (editor), Waste-water renovation and
reuse, p. 89-132. Marcel Dekker, Inc., N. Y.
RYTHER, J. H., J. A. DeBOER, and B. E. LAPOINTE.
1979. Cultivation of seaweeds for hydrocolloids, waste treaunent and biomass for energy conversion. In A . Jensen and J . R. Stein (editors),
Proceedings of the IX International Seaweed Symposium, Santa Barbara,
Calif. (U.S.A.), 20-27 Aug. 1977, p. 1-16. Sci. Press, Princeton.
RYTHER, J. H., W. M. DUNSTAN, K. R. TENORE, and J. E. HUGUENIN.
1972. Controlled eutrophication-increasing food production from the
sea by recycling human wastes. BioScience 22:144-152.
RYTHER, J. H., J. C. GOLDMAN, C. E. GIFFORD, J. E. HUGUENIN,
A. S. WING, J. P. CLARNER, L. D. WILLIAMS, and B. E. LAPOINTE.
1975. Physical models of integrated waste recycling-marine polyculture
systems. Aquaculture 5:163-177.
SAGA, N., T. UCHIDA, and Y. SAKAI.
1978. Clone Laminaria from single isolated cell. Bull. Jpn. Soc. Sci.
Fish. 44:87.
SAITO, Y.
1976. Seaweed aquaculture in the northwest Pacific. In T. V. R. Piliay
and W . A . Dill (editors), Advances in aquaculture. FAO Technical
Conference on Aquaculture, Kyoto, Japan, 26 May-2 June, 1976, FAO,
FIR: AQ/Conf./76/R. 14, p. 402-410.
SANBONSUGA, Y., and M. NEUSHUL.
1978. Hybridization of Macrocystis (phaeophyta) with other float-bearing
kelps. J. Phycol. 14:214-224.
1979. Cultivation and hybridization of giant kelps (phaeophyceae). In
A. Jensen and J. R. Stein (editors), Proceedings of the IX International

Seaweed Sympo"um, Santa Barbara. Caltf. (U .S.A.). 20-27 Aug. 1977

p. 91-96 . Sci. Press, Pnnceton .
pres!>. Hybridization and genetic of brown algae
PhycologJC<I
Handbook, PhycologJcal Society of Amenca.
SANTELICES, B.
1974 GeUdiold algae. a brief resume of the peninent IIteralure. UOI
HawiIJl, U.S. Sea Grant Program, Mar Agron., Tech. kep I, III P
(Mlmeogr.)
I976a. Taxonomic and nomenclatural notes on some JchdlaJ
phyta) . PhycologJa 15:165·173.
1976b. Nota sobre culuvo maslVO de aJgun,-" espec,es de
(Rhodophyta). Rev BioI. Mar. 1627· 33 .
1977. A taxonom,c review of HaWiIJlaJ1 Gcltd,aJes (Rhodophyta) . P
Sc,. 31.61·84.
1978a. The morpholOgical vanallon of Pteroc/adlO caerulescrftl (GcIi
,ales, Rhodophyta) 10 HawaII
Phycolog13 17 ~3-59
1978b. Multiple IOteracuon of fact on 10 the d, tribullon of some HawaJ'
Gehdiales (RhcxJophyta). Pac &1 32 119· 147
SAUNDERS, R. G, and J G. LIND AY
1979. GroMh and enhancement of the agarophyte CraCi/ana (Flond
phyceae). In A. JeTl5Cn and J R. Stetn (edlton), ProceedlI1gs of t
IX Internallonal Seaweed Sympo lum, Santa Barbara , Calif (
20-27 Aug. 1977, p. 249·2~5. Sci. Press, Pnnceton
SCAGEL, R F
1956 IntroduC1ion of a Japanese: alga, Sarsassum mill/cum. Into
northeast Pacific. V,llSh . Dep Fi h, fuh. Res . Pap. 1(4):49-5
1961. ~Ianne plant resources of Ontuh Columbia. Fuh. Res. Board
Bull. 127,39 p.
SCARRATT. D. J.
1973. The effect ot ra ng Insh m
(Clrondrus cropus) 00 lo~t
10 Prince Ed .... ard Island.
HelgoUinder "'1$5. leeresunters. 24415-424
SCHMITZ, K., and C. S. IOBBA
1976. A sur.ey of translocauon 10 Lammanales (Phacophyceae)
Bioi (Berl.) 36·2()1·216
SCHMITZ, K., and L. M SRIVAST \A
1979a Long dIStance transport 10 ~facr<>0 tIS inll!f(nfO/1O I.
location of 'C-Iabeled assuTlIlates. Plant Ph)'1iol. 63 :995·1 ~
I 979b. Long distance transport 10 fa T(x:ystu Integnfo/IO II .
experiments ...,th 'C and I.p
Plant Ph) rol. 63 : 1 3-1009.
SHACKLOCK. P. F., and G. B. CROFT
1981. Effect of grazer; on ::hondrus cnspus in culture.
22.331-342
SHACKLOCK, P. F., D. ROBSO~ , T FOR YTH, and A. C. • 'EISH
1973 . Further expenments (1972) on the vegetative propagation
Chondrus cnspus T4. Natl. Res. Counc. Can . Ati. Reg. Lab., Tee
Rep . 18, 22 p.
SHACKLOCK, P F., D. ROBSON, and F. 1. Sl!\'IPSO~.
1973 The propagauon of Irish moss II1 tan
Comparative gro ....th
different locations. Natl. Res . Counc. Can, Ati. Reg . Lab .. Tee
Rep. 19, 8 p.
SHANG, Y C.
In

1976. Economic aspects of Graci/ana culture in Taiwan.
1-7
SHIPMAN, J . W .
1974. Biochemical variations in Eucheuma nudum J Agardh from fielo
and laboratory expenmems. M.S. Thesis, Uni,. South Florida. Tam
46 p .
SIL VERTHORNE, W.
1973. Optimal production from a seaweed resource. Ph.D. Th .
Univ. California, Santa Barbara.
1977. Optimal production from a seaweed resource. Bot. Mar. 20:75-98
SIMONETTI, G., G. GlACCONE, and S. PIGNATTI.
1970. The seaweed Graci/aria conjervoides, an important object
autecologic and cultivation research in the northern Adriatic
Helgollinder wiss. Meeresunters. 20:89-96.
SIMPSON, F. J., A. C. NEISH, P. F. SHACKLOCK, and D. R. ROBSON.
1978. The cultivation of Chondrus crispus. Effects of pH on growth an
production of carrageenan. Bol. Mar. 21:229-235.
SIMPSON, F. J., and P. F. SHACKLOCK.
1979. The cultivation of Chondrus crispus. Effect of temperature OD
growth and carrageenan production. Bol. Mar. 22:295-298.
SIMPSON, F. J., P . SHACKLOCK, D. ROBSON, and A. C. NEISH.
1979. Factors affecting cultivation of Chondrus crispus (F1orideophyceae)
In A. Jensen and J. R . Stein (editors), Proceedings of the IX International Seaweed Symposium, Santa Barbara, Calif. (U.S.A.), 20-2
Aug. 1977, p. 509-513. Sci. Press, Princeton .

SIROTA.(,.R,andJ I lITHI
197'1 I lea, y met iii r~lducs
IR41-1-1
S\IITH, R ."1.. and

~.

In

dul·.

n edIble

.. ccd.

,\ u culture

E JONI S.

1970. The culture of I>cnthlc manne 31~ae In the laller tory lind the fkld
Helgolander ,.. ,."lecr~unter, 20:62·69.
SOl/IH. G R
1970. ['rcnmentaJ culture of A/ana In a ubarcllc. Ir~ nO"lng a "ater
'Y\tcm. Helgolander w,,-, , Mcercsunters, 20:216-228.
STLNBlRC,. R. W
1979
lnhanced produClion of a manne macrophyte (GraCi/ana I,hah,ae)
by carbon dIoxide (CO.). J. Phycol. 15(Suppl.):13.
'iTOKKl:. K.
1957
The red alga GraCi/ana "errucOSQ In No",ay
Nytt "lag. Bot.
5.101·111
SUNOL' RUN. J. B.
1976. Growth oj \hellfi,h in an anlfidal upwelling manculture s)"em. In
J. C. Valle (edllor). Proceedings of the Internallonal SympoSIum on
('oaltal Upwelling, Nov. 18-19. 1975,
oqUlmbo, Chile, p. 25-42.
~undaclOn. ChIle.

bloll
I ~fl(T1ent
\1 "TUR,\, L A

1'1 i:l.

1972
orlma.

1973a.
~ \pcnmcntal studl
Ph,col 9(Suppl) I~
1974;)
D,flerm= I ceO wall pol men
ra! roroph ,1cs of Indu('(] and (Jigartma
1974b. ('olom.z.allon and gro"th of POP
on an,fiaaJ -ubstrates In :'lent Ii
VIII Internallonal s.=a"ccd ~ym

UNDER LIN. J B.. P T BAAB. and E . M . PATRY.
1976. Growth of clam and oy,ter larvae on different algal dIe" In a tropICal
arllficial upwelling mariculture system
Proceedings 01 the VII Annual
Meellng World Mariculture SocIety, San DIego. Cali I , Jan . 2529, 1976.
p. 215·228. [oulllana State Unlv., D,v,s,on of Continuing Educallon.
Baton Rouge
SUTO, S.

1974. b It "
1975. Dlflcrcnc In mgeenan In am(\ophyt
red algae. I'hytocheml5try 14 1159 1362
1976.

1963 .

Intergenenc and InterspecIfic cro"llng\ of the lavers (Porphl·ra).
Bull. Jpn Soc ScI. Filh. 29:739-748.
1974
Manculture of seaweeds and ,ts problems In Japan
In ~ N. Shaw
(edllor). Proceedings of the First U.S.-Japan meellng on aquaculture at
Tokyo. Japan, Oct 18-19, 1971, p. 7-16. U.
Dep Commer. NOAA
Tech. Rep. NMFS CIR -388
TAYLOR, A. R. A.
19713. Growth studle, of Chondrus CflSpUS In Prince Edv.ard Island
Proc Meet. Can Atl Seaweeds Ind , Charlolleto"n. P.E. I., Oct 5-6
1971. Ottawa, p. 29-36. Can Seer., Ind. De, Branch, Fish .
1972b. A ba;is for the continuing assessment 01 naturn; and exploited
populations of Chondrus CflSpUS Stackh
In K
im.av.a (editor),
Proceeding, of the VII InternatIonal Seaweed )'IT1po"um. Saproro,
Japan, Aug. 812.1971. p. 263-267. Uni) Tokyo Press, Japan
1975a. StudIes of the GraCllana community In HIli Rher. Pnnce Edward
Island
Emuon. an .• Ind De, . Branch. Ves,els Lng. D" . Tech. Rep.
86. 38 p
1975b
The ChondnlS CrlSpUS Furcellanu Jasl/~/ala communlt) at
amrbell', ('O\C, Prince Edward Island. EnYlron. Can .. Ind . 0\',.
Branch. Ves,els Eng. 01' ,Tech Rer. 88. n p.
1975c. Phototran eet stud,es on Chondrus commUnities In lhe ~lanume
Pro"nce,. Environ
an., Ind. Dev. Branch. Vessels Eng. 0".,
Tech Rer 87. 34 p.

s."

TA\ LOR. A. R A, L. C.-M CHE . B D. MITH. and L
TAPLES
1974. Chondrus holdf<\5\> In natural populatiOn> and In culture
In
ienllfic Programme and Abstract, 01 Papers. VIII Internallonal <;ea.
weed S),mro"um. Bangor. \\ ale>. ug. 17·24, 1974. Allm A65.
1975 CholldnlJ holdfa;t\ In natural popuiullom and In culture. [n"ron.
lan. F"h "lar Sers • Rep . Ind De\ Branch. p.
TAYlOR. \\ R
1957
\lanne algae of the nonheastern coast 01 onh \mmc.. . ~ N
LnI\ '''ch,gan Pre,..\. Ann Arbor. 509 p.
TO\\ L . D. \\ . and J S P -\RSE .
197J
Pr,'<llh:u,\n of thc glam \.elr. .1/<Jcr(>cBtl\' esttrnatN b, In nu
Incorrorallon of 'C In rol\cth\lene b~. [,mnol 0.:,311 gr I 1<$
159 .
TRO~O.

G . C.
19'4
i:.'1J,h,-u"'<J farrlllng In the Phlllppmes
Res . -ent. D,lIman. Que-'l)n Ot). D P
T\ l TfR. land -\. ~ \\ \ THIE.:O
19'4

rTurner)

In rr

sc.a,
Progmm, June 5 7, 1'17 , lJ
\\ L<;T, J., und A POL\ SHEK
1972 t\ ('/~arllna pc\:ICS "lit a
(SUppl) II 12
\\lSI,] \
19'2
lhe lfe history of Pelrocrl Iran
H y bndizallon and Ul1T
at. Repu
(I!

1J tP

\\1

I\E

t(\~<~··~~L"e

I

I

1976b. The ocean food and energy farm project. Paper presented al
Conference Sharing the Sun, International Solar Energy Soc
Winnipeg, Canada, August 15-20, 1976,29 p .
1977. The U.S . Navy's ocean food and energy farm project. In /10
Monney (editor), Ocean energy resources, Vol. 4, p. 83-104. The Efi
Technology Conference, Houston, Texas, Sept. 18-23, 1977. Am.
Mech . Eng., N.Y.
WILKINS, N . P .
1981. The ratiOnal.e and relevance of genetics in aquaculture: an ovel
Aquaculture 22:209-228.
WILLIAMS, M . D.
1979. The harvesting of "sluckus" (Porphyra perforata) by the StraJ
Salish Indians of Vancouver Island , Bntish Columbia . Syesis 12:63

1976. Ecological studies in kelp forests: Factors influencing productivity.
J. Phycol. 12(Suppl.):14.
1977. The interrelationship between light, water velocity, and macronutrients in the productivity of the giant kelp, Macrocystis. J .
Phycol. 13(Suppl.):72.
I980a. Pigment content and photosynthetic rate of the fronds of Macrocystis pyrifera. Mar. BioI. (Berl.) 56:97-102.
1980b. Effect of boundary layer transport on the fixation of carbon by the
giant kelp Macrocystis pyrifera. Mar. BioI. (Berl.) 56: 103-110.
WHEELER, W. N., M. NEUSHUL, and J. W. WOESSNER.
1979. Marine agriculture: Progress and problems . Experientia 35:433435.
WHYTE, J. N. C., and J. R. ENGLAR.
I 976a. Propagation in tanks and chemical composItIon of the marine
alga Graci/aria sp. Dep. Environ., Fish. Mar. Serv., Vancouver, B.C.,
Tech . Rep. 623, 34 p . (Mirneogr.)
1976b. The content of inorganic elements in the marine alga Macrosystis in!egrifolia over the growing season. Environ . Can., Fish. Mar.
Serv., Vancouver Lab., Vancouver, B.C., Tech. Rep. 695, 28 p.
1978 . Seasonal changes in the content of non-metallic inorganic components in the marine alga Macrocystis integrifolia. Fish. Mar. Serv .,
Dep . Fish . Environ ., Vancouver, B.C., Tech . Rep . 765, 26 p.

WILSON, K. C., P . L. HAAKER, and D. A . HANAN .
1977. Kelp restoration in southern California. In R. W . Krauss (edi
The marine plant biomass of the Pacific northwest coast, p. 183Oregon State Univ. Press, Corva1lis.
1979. Restoration of MacrocystlS pyrifera (Phaeophyceae) at Palos Ve
Peninsula , California. In A. Jensen and J . R. Stein (editors),
ceedings of the IX International Seaweed Symposium, Santa Bar~
Calif. (U.S.A .), 20-27 Aug. 1977, p. 85-89. Sci. Press, Princeton .
WOESSNER, J . W .
1974. The measure and harvest of the California mar ine crop I
Porphyra. In Scientiftc Programme and Abstracts of Papers,
International Seaweed Symposium, B~ngor, Wales , Aug . 17-24, I
Abstr. A61.
1979 Biological achievements for plant mariculture. J . Phycol.
(Suppl.):19.
WOESSNER, J . W., P . SORENSON, and D. COON.
1977. The econonuc potential of harvesting and marketing an Amer
Porphyra. J Phycol. I3(Suppl.):74.

I 979a . Agar elaborated by Graci/aria sp. from the coast of British
Columbia. Part II. Variations in agar quality with season and reproductive
Barnfield Inlet, Wiseman's Bay and Nullal Bay. Fish . Mar. Serv., Dep .
Fish . Oceans, Vancouver, B.C., Tech . Rep. 860, Part I of 2 parts, 16 p .
I 979b. Agar elaborated by Graci/ana sp. from the coast of British
Columbia. Part II . Variations in agar quality with season and reroductive
condition of the alga from Haines Island. Fish . Mar. Serv., Dep. Fish .
Oceans, Vancouver, B.C. , Tech . Rep . 864, Part II of 2 parts, 23 p.
1980. Chemical composition and qUality of agars In the morphotypes of
Graci/aria from British Columbia. Bot. Mar. 23:277-283.

WOODWELL G . M
1977. Recycling sewage through plant commu nities .

WILCOX, H. A .
1975a. The ocean food and energy farm project. Paper presented at the
141st annual meeting of the American Association for the Advancement
of Science, New York City, N.Y., 29 Jan . 1975,22 p.
1975b. The ocean and energy farm project. In P . D. Wilmont and A.
Slingerland (editors), Technology assessment and the oceans, p . 67-76.
Westview Press, Boulder, Colo.
I 976a. Ocean farming . In Proceedings of the Conference on Capturing
the Sun Through Bioconversion: Council on Solar Biofuels, Washington
Center for Metropolitan Studies, p. 255-276.

Am. Sci. 65:55

YOSHIDA, T ., and K. AKIYAMA .
1979. Streb/onema (Phaeophyceae) infection in the frond of culti~
Undaria (Phaeophyceae). In A. Jensen and J. R. Stein (edit
Proceedings of the IX International Seaweed Symposium, Santa Bartl
Calif. (U.S.A.), 20-27 Aug. 1977, p . 219-223. Sci . Press, Princeton.
YOUNG, K. S.
1973 . An enzymatic and chenucal study of agar.
University, Montreal, 104 p.
1974. An investigation of agar from Graci/ana sp. Fish . Res . Board 0
Tech . Rep. 454, II p.

66

