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ABSTRACT

This second annual report records progress made in designing and

evaluating the technology necessary for rearing the edible kelp (kom-

bu) species Laminaria groenZandiaa3 Cymathere tripZiaata and PZeuro-

phyaus gardneri in British Columbia. The life histories, seasonal

changes in morphologies, and air-drying characteristics of the studied

species are reported herein. A harvesting strategy is proposed for

each species on the basis of this information. Seed for planting kom-

bu farms can now be produced through part of the year. A method for

extending the season for seed production has been successfuly tested.

Further, cloning methods which should result in a genetically uniform

product are being developed. A structure suitable for kombu farms

has been developed. Several of these farms are now in production and

the first harvests will be made in the summer of 1980.
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INTRODUCTION

This is the second annual report, recording progress in devel-

oping the biotechnology necessary for an edible kelp industry. The

edible kelp is known as kombu and consists of some of the smaller

species in the Order Laminariales. Presently, we are investigating

three species which have characteristics of good kombu (Lamina:r-ia

groenZandiaa Rosenvinge, Cymathere t:r-ipZiaata IPostels and Ruprecht]

J. Agardh, PZeurophyaus gardne:r-i Setchell and Saunders). The pro-

ducts of these species are intended for domestic and foreign markets.

During September, 1979, a delegation of Japanese kombu proces-

sors investigated the kombu resources of British Columbia. In the

estimation of Mr. N. Nakajima, Vice-President of the Kombu Makers'

Association, our plants are of good quality. In Japan, "good qua-

lity" translates into between 21,000 and 46,000 yen per fifteen dry

kilograms of unprocessed product cultivated by kombu farmers (based

on October, 1978 prices, Kushiro D£strict).

The current research consists of two major components: the

production of young kombu plants (seed} in the laboratory for out-

planting and the evaluation of outplanted kombu and systems for cul-

tivating kombu in the sea.

The reader is referred to the first annual report for informa-

tion regarding the selection of kelp species for study, research ap-

proach and historical perspectives.

Figure 1 illustrates the locations in Barkley Sound referred to

in this study.
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Locations in Barkley Sound referred to in this studyFigure 1.
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LIFE HISTORIES

At the initiation of this project the life histories of Cyma-

there tripZiaata and PZeurophyaus gardneri were not known, and while

the major events in the life history of Laminaria groenZandiaa were

understood, the morphological features associated with different

year classes were unknown. It is essential to understand these as-

pects of kombu biology before any attempt is made to commercially

exploit these species.

Cymathere t1Oipliaata1.

Wild sporophytes of C. tripZiaata first became evident in Ap-

ril, and demonstrated net growth until August. Sori were initiated

in August and all of the plants were fertile by September (Table 1).

This generation persisted until December. On the basis of these

observations, C. tripZiaata can be described as an annual species.

2. PZeU2"ophyaus gapdneri

The suggestion made in the last annual report that P. gardnePi

is a perennial and not an annual species, as suggested by Setchell

and Gardner (1925), is now confirmed (Druehl, 1980) .From October

until January, P. gal"dnePi sporophytes persisted as stipes termi-

nated by small basal blade portions (Figure 2). These blade rem-

Figure 2. Developmental stages of PZeurophyaus gardneri. a. Stipe
of older plant at beginning of growth season (March).
b. Young plant prior to development of mid-rib (March).
c. Fully grown plant prior to blade erosion (May) .
d. (August) and e. (September) older plants demonstra-
ting blade erosion. a and b are to the same scale and
c, d, and e are to the same scale (following page).
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Presence (+) and absence (-) of sori from April, 1979
until March, 1980 for the three studied species in
Barkley Sound.

Table 1.

Lami nari a

groenZ.andiaa
Cymathere
tripZ.iaata

Pleurophyaus

ga.r'dne1'i

April

May

+

+ +

+ +

+

+ +

++ +

++

+ +

++

+

+ +

June

July

August

September

October

November

December

January

February

March + +

nants initiated rapid growth in January, and net growth continued

until May. Sori were initiated in February and all of the plants

were fertile by July (Table 1).

New sporophytes became evident in January and passed through

at least part of the growing season without the distinctive midrib

(Figure 2). A number of obvious first year sporophytes were tagged

in the field in January, 1980 in order to determine the longevity

of individual plants and the duration of the non-midrib state.

Laminaria qroenZ.andica3.

Young sporophytes of L. gpoenZandica first became apparent in

January, produced net growth into June, and became fertile in the
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fall. These plants entered their second year in January, when they

initiated new net growth. Some of these plants produced sori in

May/June (Table I). There was no net growth from June until the

following January when these plants entered their third year. All

plants became fertile in the fall.

The three year classes can be distinguished morphologically

(Figure 3). No one feature, however, clearly distinguishes between

the age classes. Generally, first year plants have the lowest stipe

width to thickness ratios (as measured midway between the holdfast

and blade base), the thinnest and narrowest blades (as measured 10

cm from the blade base) and most acute blade base angles (Table 2) .

These dimensions increase with age class. Further, the age classes

can be separated on the basis of colour and degree of splitting of

the blades. Third year plants are heavily split and the stipes are

darker than the blades. The younger plants have less severely split

blades and the stipes and blades are the same colour.

The three year classes behave differently chemically. Gener-

ally, the amount of nitrogen decreases and carbon increases with

year class (Table 3).

4. Conclusions

The life histories of the three studied species are now reason-

ably well known. Laminaria groenZandica and P. gardneri are peren-

nial species and C. tripZicata is an annual. The times of sorus

production are known for the three species. Since the presence of

sori decreases the commercial value of plants, knowledge of the time

of occurrence is important in determining harvesting strategy.

Laminaria groenZandica exists as at least three year classes.

These year classes can be distinguished, but with some difficulty.

Chemical and morphological features influencing the economic value
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Three year classes of Laminaria groenZandiaa

from Diana Island; March,1980.

Figure 3.
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of the plants vary between age clas.ses. These features appear to

be most optimal in second year plants and for this reason harvest-

ing should concentrate on this year class.

Comparative measurements of morphological features used
to year classes of Laminaria gI'oenl.andiaa .
Values of means the grow-
ing season Barkley Sound.

Table 2.

3

-2.20

-1.6

-36.0

-86

Stipe

Blade

Blade

Blade

Table 3.

(n = 1)of

1.

1.

1.

1.

2.

2.

1.

26.8

34.3

26.5

35.4

35.6

.4

26.7

10.3

13.8

16.0

1

2

3

July

July

July

August

August

August

September

September

September

width

base

7

,5

,4

,1

,2

.2

.9
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SEASONAL CHANGE OF MORPHOLOGICAL FEA11JRES

Several features assist in determining the economic value of

kombu: weight, size, blade thickness, and weight per unit area.

We have monitored these in the field on a monthly basis in an at-

tempt to distinguish the optimal time for harvesting. The plants

selected for this study were randomly selected from the larger

plants available. This size range most closely approximates plants

that would be harvested commercially.

Blade width, thickness of the blade margin and centre, and wet

weight per unit area at the margin and centre were determined 20 -

30 cm from the blade base. All samples were composed of 10- 13

plants.

Laminaria groenZandiaa and P. gardneri were measured monthly

at Diana Island. Occasional measurements were made on these two

species at other localities. Monthly measurements of C. tripZiaata

were made on plants collected near Execution Rock.

Laminaria g1'oenl.andica1.

At Diana Island the year's largest plants were collected in

June (Table 4). However, this population continued to increase in

blade thickness until October and in wet weight per unit area until

November. Figure 4 illustrates plants from four different months.

For seven months of the year, plants from Diana Island were

compared with plants from Execution Rock. The latter population

belongs to the L. groenZandiaa long stipe form and the former to

the L. groenZandiaa short stipe form (Druehl, 1968). Throughout

the observation period the Execution Rock plants were larger and

thicker than the Diana Island plants (Table 5} .Further, the Ex-

ecution Rock plants did not lose as much weight during the winter

as did the Diana Island plants, but they did not initiate new
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Figure 4. Laminaria groenZandiaa as observed at Diana I. in: March (a),

April (b), August (c), and January (d). All photographs are
to the same scale. .

b

50 cm
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growth as early in 1980 as the Diana Island plants.

During July, morphological variation in L. groenZandiaa from

six locations was compared. The largest plants having the thickest

blades and greatest wet weight per unit area were collected from

Edward King Island (Table 6). These plants were of the L. groen-

Zandica long stipe form.

PZ.europhycus gardneri2.

The heaviest plants of the year from Diana Island were collect-

ed in May a,nd the longest plants in July (Table 7). From May until

July the blade margins eroded while the midrib continued to grow in

length (Figure 2). Blade thickness and wet weight per unit area

continued to increase until July. From October until December there

were no blades.

During July, morphological variation in P. gardneri was com-

pared between six locations (Table 8). The largest plants were col-

lected from the wave-exposed south side of GD Islet, and the plants

having the thickest blades with the greatest wet weight per unit

area came from Cape Beale south.

3. Cymathere t1"ipZiaata

The heaviest plants of the year were collected in August, and

the longest plants in July from Execution ~ock (Table 9). These

plants continued to increase in blade thickness and wet weight per

unit area until December. All plants were gone by January, 1980.

Figure 5 illustrates changes in plants observed through 1979.

Figure 5. Cymathere tripliaata as observed at Execution Rock in:
April (a), June (b), August (c), and December (d). All
photographs are to the same scale (following page).
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4. Conclusions

Generally; the plants became less desirable commercially from

the month of their greatest fresh weight. From this time on the

plants became tattered and epiphytized. However, wet weight per

unit area and blade thickness became most desirable 1-3 months af-

ter plants obtained their greatest fresh weight. This was most pro-

nounced at Diana Island. In more wave-exposed areas the degree of

epiphytism and blade damage was not as great, suggesting that a la-

ter harvest might be feasible at such sites. Under these conditions

a more desirable wet weight per unit area and blade thickness may be

obtained.
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DRYING CHARACTERISTICS

Representative specimens of commercial size plants of the three

studied species were dried out-of-doors to determine the feasibility

of this inexpensive form of drying. All dryings were conducted on

the roof of the Bamfield Marine Station during rain-free days. The

plants were placed on a rack consisting of chicken wire stretched

over a wooden frame (Figure 6). Weights were measured at time zero

(usually 9:00 a.m.) and then hourly until the plants had obtained a

constant dry weight. At each weighing the air temperature near the

plants was recorded.

1. Results

From March to October, the time required to achieve constant

dry weight never exceeded 5ix hours for the three species (Table 10}.

The percentage of moisture lost decreased regularly from March to

October for L. groenlandiaa, and remained relatively constant for

P. gardneri from April to July. Acceptable plants of c. tripliaata

were available for drying during July and August only.

2. Conclusions

It is possible to air dry the three species out-of-doors in six

hours or less throughout their growing season.

The regular change in weight loss upon drying for L. gpoenZandi-

aa from March to October indicates a lower moisture content in the

older plants. Thus, the later the harvest the greater the dry weight

return per unit wet weight harvested. This observation, combined with

the conclusions derived in the previous section, implies that the la-

ter the harvest the better the product and the greater the return.
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Figure 6. The frame employed in air-drying the three studied species
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Table 10. Air drying of the three studied species: (I) mean temper-
ature during drying period, (D) hours required to achieve
a constant dry weight, (WL) percentage weight lost (n = 2) .

Laminaria
groenZandiaa

PZeu1'ophyaus
9 a1' dne 1'i

Cymathere
tripliaata

D(h) WL(%)

11.0

20.2

21.8

20.7

30.8

24.1

24.0

13.5

88.5

87.5

85.5

82.0

79.5

75.0

72.0

66.5

69.0

88.0

87.0

85.5

82.5 4.0

4.0

79.5

84.0
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HARVES7ING STRATEGY

The following suggestions are based upon observations made on

wild plants of L. groenlandiaa and P. gardneri from Diana Island

and C. tripliaata from Execution Rock. To determine the optimal

time for harvesting, several features which affect the economic

quality of the plants were used (Table 11). The wet weight deter-

mines the amount of plant material left after drying for processing

and marketing. The greater the blade length and thickness, the bet-

ter the quality of the plant. The presence of sori and epiphytes,

and the laceration and erosion of the blades detract from the blades'

economic value.

Table 11 lists the months which correspond to the extreme upper

values for blade dimensions and wet weight, and the extreme lower

values for moisture content. The times of occurrence of developed

sori and marked deterioration of the blade (epiphytes and lacera-

tions) are also listed. From this it can be seen that there is no

month when all of the features used to evaluate edible kelp are op-

timal. Thus, the choice of the proper time to harvest must be a

compromise. The suggested months for harvesting have been selected

considering the weight of the harvested plants and the condition of

the blades (sori, epiphytes and erosion}. The blade thickness and

moisture content indicated that a late harvest was preferable, pro-

vided the condition and weight of the blades were satisfactory.

Table 12 provides selected blade conditions for the suggested

harvest months. Laminaria groenlandiaa was relatively thin during

the month of greatest wet weight (June); however, to delay harvest

for one month would result in plants weighing half as much due to

loss of distal blade tissue. Pleurophyaus gardneri obtained its

greatest wet weight in May; however, all of the plants had well-

developed sori, an undesirable feature. In April, the suggested
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month of harvest for this species, there is a slight wet weight loss

and essentially sorus-free blades. August is the month recommended

for harvesting C. tPipZiaata. During this month the plants achieve

their greatest wet weight and have a reasonable thickness. Later,

soral production would depreciate the plants' value.

The suggestions above are based on observations made at a few

localities in Barkley Sound over one year. There is an indication

that later harvests could be achieved in more wave-exposed locali-

ties and in more northern waters.
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SEED PRODUCTION

"Seed" is the term applied to the young plants which are pro-

duced in the laboratory and eventually planted in the sea.

The production of seed involves: (1) the inducement of spore

release from a sorus on a reproductively mature sporophyte, (2)

the rearing of gametophytes to sexual maturity, and (3) the pro-

duction and rearing of young sporophytes to approximately 5 mm

length. The methodology necessary to achieve these steps is re-

corded in the first annual report (Druehl, 1980).

In addition to this sequence of seed production, we are explor-

ing ways to extend the period of seed production and to reduce gene-

tic variability of the product.

I. Normal Seed Production

Normal seed production is achieved by allowing spores collected

from wild plants to develop directly into fertile gametophytes, which

then produce the desired sporophytes for seed. Usually, this pro-

cess requires 45 days under greenhouse natural light conditions.

However, when initiated in December, approximately 65 days were re-

quired. This time was shortened by extending the photo-period by

three hours using artificial light.

Acceptable spore release was achieved for L. gpoenlandiaa from

September to February, for P. gapdnepi from June to September, and

for C. tpipliaata from September to December. Normally, only poor

spore releases were achieved during the early part of the year when

sori were present (Table 1) .Spore releases during the latter

months of each species' period of maturity were usually contaminated

by diatoms. This contamination reflected the heavy degree of epi-

phytism on the sori during these latter months.
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Seed has been repeatedly produced for all three species; how-

ever, frequently the gametophytes of C. tripZiaata remained vegeta-

tive, producing macroscopic filamentous plants. We are presently

attempting to determine the conditions necessary for inducing sex-

ual reproduction.

2. Extension of the Seed Production Season

The following approaches are presently being investigated to

extend the season over which seed can be produced.

Liining and Dring (1975) have demonstrated that blue light is

essential for sexuality of some kelp gametophytes. We have success-

fully grown gametophytes of the three test species under red light.

Gametophytes under these conditions have obtained macroscopic size

and remained asexual. One set of gametophytes has been fragmented.

The resultant fragments adhered to the string substrate and pro-

duced a new generation of sporophytes. On the basis of this trial

run it appears that we will be able to produce seed throughout the

year, beginning in 1980.

Another approach to the delay of seed production is to slow

down the maturation of the spore-bearing sporophyte and the develop-

ment of gametophytes and young (microscopic) sporophytes. We are

attempting to slow down these developmental processes by holding

the various stages in the dark. Preliminary evidence indicates

that spores and young gametophytes can persist in darkness for at

least one month, whereas older gametophytes cannot. Results on the

sporophyte stages are not yet available.

3. Control of Genetic Variahili

tion.

We are presently exploring three ways to control genetic varia-

The first involves cloning of the gametophyte generation so
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that the resulting male-female crosses give rise to genetically

identical sporophytcs. This is achieved by rearing isolated game-

tophytes under red light conditions. When these plants reach a

macroscopic size, they are gently fragmented and males and females

mixed. Gametogenesis is induced in these fragments by providing

blue light. The resultant sporophytes are genetically identical.

We have successfully completed these procedures using gametophytes

of Laminaria saccharina from Germany. Figure 7 illustrates the

various stages in the production of genetically identical sporo-

phytes. Gametophytes reared from isolates of our studied species

have not yet obtained large enough size to fragment.

The remaining approaches to controlling genetic variation in-

volve cloning the sporophyte generation. This has the advantage of

allowing the mariculturist to select the final product directly.

While the gametophyte cloning provides genetically identical sporo-

phytes, the features of these plants are not known until the plants

reach maturity.

In September, a plant of L. groen~dica with adventitious

haptera along the blade margin was collected from Execution Rock

(Figure 7). This plant opened the possibility of cloning the dip-

loid generation. The blade margin was cut into small segments,

each bearing some haptera. Some segments were cultured in the

greenhouse and some were outplanted on ropes. Eventually, all

plant segments died after showing some growth. However, we now

Figure 7. Stages in the production of genetically identical sporo-
phytes: (a) a single macroscopic female gametophyte;
(b) fragments of a female gametophyte (scale 0-1 mm);
(c) microscopic sporophyte grown from a fertilized fe-
male fragment; (d) genetically uniform seed (macroscop-
ic sporophyte) from fertilized female fragments; and
(e) Laminaria gpoenZandica showing adventitious haptera

(following page).
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have gametophytes of this plant in culture and should be able to

determine whether the adventitious haptera resulted from genetic

or extrinsic causes. We propose to modify our segmenting proce-.

dures on any similar plants found in the future.

The Japanese recently reported upon a method of cloning sporo-

phytes by fragmenting calluses they had induced on young plants.

These calluses took the form of irregular outgrowths, and apparent-

ly all of the callus cells retained their meristematic potential.

The sporophytes which arose from the callus fragments grew into

plants genetically identical to the donor plant (Saga et al.3 1978)

We are presently attempting to reproduce this procedure.

4. Conclusions

We can now produce seed in approximately 45 days throughout

most of the period when spores are available. By using red light

conditions we are able to delay gametophyte maturation for an in-

definite period, and we can induce seed production at any time by

providing blue light. Delaying gametophyte development by with-

holding light may also succeed. Such a system has the practical

advantage of not requiring special lighting conditions.

We now have the ability to produce genetically identical sporo-

phytes from cloned gametophytes. Once our cultures have grown to

adequate size, we will produce seed for outplanting. Cloning of

sporophytes has been achieved elsewhere and we are attempting to

reproduce these techniques. Should we succeed in cloning sporo-

phytes, we will be able to directly select plants for cloning which

have economically desirable characteristics.
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KOMBU FARMS

Kombu farms have been established in several locations to eval-

uate the response of the three studied species to different environ-

ments. From this study we will determine the optimal life history

stage (spores, gametophytes or sporophytesl, and the optimal times

and environments for outplanting. The locations and dates of esta-

blishment for kombu farms in Barkley Sound are given in Table 13.

One farm, 120 m in length, was established near Sointula in Brough-

ton Strait during January, 1980.

1. Structure

Initially, long beach-combed logs were used to support a series

of vertical lines bearing plants. This system was inexpensive and

could be constructed from readily available materials. Further, the

chance of the logs being stolen by souvenir-hunters was very slight.

This system was unsatisfactory, however, for two reasons.

First, the logs became fouled with floating kelp and other debris,

and second, the logs tended to roll, coiling the vertical lines

around them and severely abrading the attached plants.

Presently, we are using rope systems buoyed by commercial

floats (Figure 8). So far, this system has proven successful. To

discourage souvenir-hunters, the floats are attached to half-inch

steel cable which joins the rope system at approximately 2 m depth.

The cost for materials for this system is given in Table 14.

2. Wild Plant Transplants

Wild plants of the three studied species in their first year

(1979) of growth were, transplanted to farms where their growth could
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Location of kombu farms in Barkley Sound, their date of
establishment and their length of seeded culture line, as
of March, 1980.

Table 13.

Established Length

240 m

60 m

90 m

300 m

60 m

60 m

Location

Kelp Bay

Tzartus Island

Helby Island

Adamson's Rocks

Scott's Bay

Execution Rock

March, 1979

February, 1979

September, 1979

January, 1980

February, 1980

February, 1980

Table 14. Cost of materials for one 60 m long kombu farm. Costs
are local Bamfield charges in January, 1980, with no
provincial tax added. This list does not include verti-
callines which are sometimes used to test depth re-
sponse of the plants.

Materials Cost

$ 47.0

13.6

20.6

9.6

4.2

41.3

8.8

10.0

$155.23

~

125 m, ~" Polyprop rope

6 m, ~" cable (steel)

4 m, 3/8" chain (galvanized)

6 thimbles (galvanized)

2, 7/16" shackles (galvanized)

2, 1140 buoys

3,6600-20 floats

1.4 bags cement for anchors

Total materials/kombu farm

o

0

8

0

0

0

5

0



33 -

Figure 8. Schematic illustrating the construction of a kombu farm

fCABLE SPLICE
2M OF,

1/211 CABLE .

"' ,
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be monitored. Surviving plants will be harvested in May/june, 1980

and the products from the various locations compared.

Wild plants of L. groenZandiaa were transplanted to Kelp Bay

rope farms in May, 1979. Initially these plants were heavily epi-

phytized by bryozoans, tunicates and mussels. The mussels abraded

many of the stipes and some of these plants were lost. Those sur-

viving grew slowly until October and by December were nearly free

of epiphytes. In january, 1980, the plants were entering a rapid

growth phase, and by March had grown considerably.

In September, 1979, wild plants were established at Kelp Bay,

Helby Island and Tzartus Island. These plants followed the same

growth pattern as described for the May plantings; however, Kelp

Bay plants were less heavilyiepiphytized than were plants at the

other two sites (Figure 9).

In May, 1979, wild plants of P. gardneri were planted at

Tzartus Island on ropes attached to logs. These were all lost.

Wild C. tripZiaata plants were established at Tzartus Island

in May, 1979. Initially, these demonstrated a spiral growth pat-

tern, but later took on a normal morphology. There was no net

growth after August when all of these plants became fertile. The

stipes and blade bases of these plants persisted into january, 1980.

3. Seed Outplanting

All seed outplanted during the winter of 1978/79 was destroyed

by the summer of 1979. This loss was due primarily to the initial

use of logs as a support system. Subsequently, several sets of

seed have been established at different sites (Table 15). This

Figure 9. Seed of the three studied species as observed in March,
1980: CymatheI'e tripliaata (a) and Laminaria groenlan- .:
diaa (b), outplanted in January, 1980; and Pleurophyaus
gardneri (c) outplanted September, 1979. Wild plants of
Laminaria groenlandiaa at time of transplant to Kelp Bay
September, 1979 (d) and one of these plants as observed
in March, 1980 (e), (a), (b) and (c) are to the same
scale and (d) and (e) are to the same scale (followirlg page).
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Table 15. The location, date and stage of outplant (IN 2 gameto-
phyte, 2N 2 sporophyte) and positionion (V a vertical
ropes, H 2 horizontal ropes) for seed of the three

studied species.

Location Date Stage of Outplant Positioning

Laminaria groenlandica

19 Jan 80
19 Jan 80
19 Jan 80
27 Feb 80
10 Jan 80
10 Jan 80
10 Jan 80
10 Jan 80

6 Feb 80
13 Feb 80
27 Jan 80
20 Feb 80
19 Jan 80
25 Jan 80
21 Feb 80
21 Feb 80
30 Jan 80

Tzartus Island v

v

v

V/H
V

V

V

V

H
V

H

H

H

V

V

V

V

Kelp Bay

asexuallN
microscopic 2N
macroscopic 2N
macroscopic 2N
asexual IN
sexuallN
microscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N
macroscopic 2N

Adamson's Rocks

Helby Island

Scott's Bay
Execution Rock
Sointula

Pleurophyaus gardneri

9 & 29 Sep 79

9 & 29 Sep 79

9 & 29 Sep 79

macroscopic 2N

macroscopic 2N

macroscopic 2N

H
H
H

Tzartus Island

Kelp Bay
Helby Island

Cymathe1'e t1'ipliaata

19 Jan 80
10 Jan 80
19 Jan 80

H
H
H

asexual IN
macroscopic 2N
asexual IN

Tzartus Island

Kelp Bay
Helby Island

seed has been placed along horizontal ropes positioned 2 m below

the surface. Further, the seed has been spaced at different inter-

vals along the ropes (30 or 50 cm). The density of plants allowed

to persist at each interval will be altered (1, 2, or 3 plants)
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when the plants have grown to aa 10 cm length.

The C. tripliaata and L. groenlandiaa seed has grown well un-

til March, 1980. However, it would be premature to draw conclusions

regarding suitability of habitat or life history stage at outplant-

ing at the time of writing.

Seed of P. gardneri was outplanted in early and late September,

1979 at Tzartus Island, Kelp Bay and Relby Island. The early sept-

ember seed became heavily epiphytized (Obelia and diatoms) by Nov-

ember at Tzartus Island and Helby Island but not at Kelp Bay. The

late September seed was only lightly epiphytized at all three sites.

However, this seed was heavily grazed (isopods?) at Tzartus Island

and Helby Island. The Kelp Bay seed has grown well until March,

1980.

Figure 9 illustrates the conditions of seed for the three spe-

cies as observed in March, 1980.

Environmental Monitoring4.

Weekly observations are made at each kombu farm located in

Barkley Sound covering the following parameters: irradiance (above

surface, just below surface and at 1, 2, 3, 4, 5 m below the sur-

face), temperature and salinity (at 0, 1,2, and 4 m depth), nutri-

ents (NO3, NO2, NH4, PO4 at 0, 1, and 4 m depth), and water trans-

parency (secchi depth) (Table 16).

Nutrient data have been collected jointly with Canadian Benthic

Limited, in Bamfield Inlet. These data indicate a pattern of change

in nutrient concentrations with season and depth (Table 17). In the

top 10 m total nitrogen and phosphate are low from April to Septem-

ber and high for the rest of the year. Below 10 m these values re-

main relatively high throughout the year.

Table 18 gives selected environmental data for the three oldest

kombu farms. Environmental data will be subjected to detailed analy-
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Environmental monitoring stations, starting dates of the
weekly observations, and subjective evaluation of water

motion.

Table 16.

Starting Date

8 Mar 1979

Water MotionMo~itoring Station Location

Kelp Bay

8 Mar 1979

8 Mar 1979

Tzartus Island

Scott's Bay

13 Sep 1979Helby Island

11 Jan 1980Adamson's Rocks

Execution Rock 15 Feb 1980

Moderately wave
sheltered

Tidal currents

Moderately wave

exposed

Moderately wave

exposed

Fully wave

exposed

Fully wave

exposed

Table 17. Total inorganic nitrogen (N} and phosphate (P) concentra-
tions for three depths in Bamfield Inlet during 1979.

Values are ~g-at.1-1.

Depth

lSmIm Sm

pp N p NDate N

1.
1.
1.
1.
0.
0.
1.
1.
1.
2.
1.

19.9
18.1
15.3
13.7
0.9

10.7
16.5
16.8
15.5
23.0
12.7

1.

1.

1.

1.

0.

0,

1,

1,

1,

2

1,

19.2
15.4
11.3
0.2
0.3
2.9

14.6
0.6
0.7

15.7
12.6

1.

1.

1.

0,

0,

0,

1,

0,

0.

1.

1.

19.8

15.9

15.0

8.8

0.5

4.1

16.5

15.6

104'2
20.5

12.2

January
February
March

April
May
June

July
August
September
October
November

.9

.6

.3

.1

.4

.7

.6

.7

.2

.3

.4

.9

.7

.3

.6

.5

.9

.6

.9

.6

.2

.4

.8

.5

.0

.3

.2

.4

.5

.2

.2

.5

.2
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Selected environmental data for the oldest kombu farms.
Values are means and standard deviations based on weekly

observations through the periods indicated.

Table 18.

Helby I.Kelp Bay Tzartus I.

Temp. at 1 m (C)

Apr 79- Sep 79

Oct 79- Mar 80

13.7 :t

9.9 :t

3.5

1.9

13.6 :t

9.8 :t

3.4

2.1 9.8 :!;. 2.0

27.2 :t

28.7 :t

3.0

2.7

26.2 :t

26.6 :t

3.2

4.0

Salinity at 1 m

(0/00)

Apr 79- Sep 79

act 79- Mar 80 27.6 :t 3.5

Secchi (depth in m)

Apr 79- Sep 79

act 79- Mar 80

5.3 :t

8.9 :t

2.3

2.7

5.6 :t

7.7 :t

2.0

2.5 7.7 i 3.0

327.5:!: 227.6

111.5:!: 106.2

337.4:t 244.0

102.4:t 104.6

Irradiance at 1 m

(].lE .m-2 .sec-l)

Apr 79- Sep 79

Oct 79- Mar 80 116.9.1: 116.8

sis following our first kombu farm harvest. Nutrient samples have

been frozen and will be analyzed by Canadian Benthic Ltd. in the

near future.

The various locations supporting kombu farms were selected, in

part, to reflect different water movement conditions. The Japanese

feel that water motion is a very important factor influencing the

quality of cultivated kombu (Hasegawa, pers. corom.) .We have sub-

jectively classified the type of water motion at each farm (Table

16). However, an objective classification is required. At present,

we are attempting to employ a system of plaster-of-Paris balls, whose

erosion rates reflect the degree of water movement (Muus, 1968).
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5. Conclusions

Kombu farms, constructed of anchored ropes which are buoyed at

the surface by commercial floats, appear to be best suited to rear-

ing edible kelp in the sea. Drifting kelp (Maaroaystis and Nereoays-

tis) will foul this system, but not as severely as the log system

earlier employed.

There are two growth seasons for the plants: the season of

rapid growth (January-June) and the season of slow growth (July-De-

cember). During the season of slow growth, the plants are most sus-

ceptible to epiphytism. We hypothesize that the presence of epi-

phytes does not initiate the slow growth season, but rather that

epiphytes take advantage of the plants' decreased rate of growth by

settling in greater numbers. The season of slow growth probably re-

flects the low nutrient levels observed during the summer months,

and possibly intrinsic factors (Table 18; Luning, 1979).

The developing epiphyte community, however, does compete with

the plants for nutrients, occludes light, and adds stress, in the

form of greater resistance to water movement. Thus, the greater

the degree of epiphytism, the poorer the state of the plant as it

...enters the January-June rapid growth season. In Germany, Lun1ng

(1969) has shown that the Laminaria blade that overwinters provides

energy for the growth of the new blade the following season, and

that this new growth is in part proportional to the size of the old

blade. From this it can be hypothesized that epiphytes indirectly

affect new growth as a plant enters its second year. This is the

last period of rapid growth before the plants are harvested. On

the basis of the above, the major factors which are likely to iden-

tify an ideal kombu farm are high nutrient levels and little epi-

phytism.

General observations indicate that epiphytism decreases with

increasing wave exposure. This could mean that the physical action
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Also, the wave action couldof the waves is cleaning the plants.

be moving water up from depths where nutrient concentrations are

greater, thus allowing for a prolonged rapid growth (and epiphyte-

free) season.

Kombu farms in fully wave-exposed locations were established

in January, 1980. Growth data from these and more sheltered loca-

tions, combined with nutrient data, should narrow kombu farm site

options considerably.
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PHYSIOLOGICAL S11JDIES

Two studies, closely related to the edible kelp research, have

been initiated: (I) nutritional requirements of L. groenlandiaa

with Dr. P.J. Harrison (Oceanography, University of British Col~

bia); and (2) photosynthetic requirements of L. groenlandiaa wi"th

Mr. S. Villeneuve (graduate student, Simon Fraser University).

These studies are financed by a National Research Council grant.

Following is a condensation of results from our nutritional studies.

The photosynthetic studies have just begun.

Ammonium and nitrate uptake kinetics were studied for three

year classes of L. groenlandiaa collected from nitrogen depleted

waters in Barkley Sound. First, second and third year plants had

active uptake components which saturated near 20~M NO3 or NH4. Be-

yond 20~M the uptake rate was linear in the second and third year

plants, suggesting a passive or diffusive uptake. At 20~ NO3 or

NH4, the uptake rate of the first year plants was the highest (1.1

to 1.6~ gm dry wt. -lh-l). The uptake rates of the second and

third year plants were considerably reduced. At night the uptake

rate of NO3 was sharply reduced, while the uptake of NH4 was simi-

lar or higher than rates during the day (Table 19).

Table 19. Day and night uptake rates (~.gm dry wt.-l.h-1) of three
year classes of LaminaPia groenlandiaa cultured in 30~M
NH.. and NO3 (n = 4}.

NO3 NH4

Night Day Night

2.90

0.73

0.22

1.60

0.40

0.15
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