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ABSTRACT

This third annual report records progress made in designing and

evaluating the technology necessary for rearing the edible kelp {kornbu)

species Laminaria groenZandiaa Rosenvinge and Cymathere tripliaata {Post.

& Rupr.) J. Ag. in British Columbia. Wild plants of L. groenZandiaa

have completed their growth onkornbu farms and have been harvested.

Generally these plants were larger and less lacerated than equivalent

plants collected from the wild. Laboratory-produced seed of L. groenZandiaa

has shown good growth at several kornbu farms, and will be harvested this

summer {1981). Genetically identical seed of L. groenlandiaa, produced

from cloned gametophytes, has shown excellent growth on a kornbu farm,

indicating the possibility of a shorter growing season. Cymathere

tripZiaata has been successfully grown to maturity on kambu farms in

Barkley Sound. Key environmental parameters distinguishing the

existing kornbu farms have been identified. These parameters when

compared with the summer 1981 harvest data, will provide us with environ-

mental predicters of kornbu growth which will allow us to select optimal

kanbu farm sites.
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INTRODUCTION

This report discusses progress made during the third fiscal year

(April 1980- March 1981) in developing the biotechnology necessary for

an edible kelp culture industry. Edible kelp is known as kombu, and

includes some of the smaller species in the order Laminariales. These

plant products are intended for domestic and foreign markets.

We are investigating two kombu species: Laminaria groen landiaa

Rosenvinge and Cymathere tripZiaata (Post. & Rupr.) J. Ag. The former

species has not been previously used as kombu, but Japanese kombu

processors have noted that our plants are of good quality (Druehl 1980b).

The latter species is presently wild harvested as kombu in Japan. A third

species, PZeurophyaus gardneri Setch. & Saund., was studied for the first

two years of this investigation. Contrary to published accounts, however,

we discovered that this species is perennial, rather than annual. We

have discontinued investigation of this species due to the time required

for it to obtain commercial size (probably over 2 years).

The current research consists of two major components. The first

component is seed production (young sporophytes for planting in the sea)

and the selection of superior strains of seed. These aspects of the

study are conducted under laboratory conditions. The second major

component is a field assessment of the production and growth characteris-

tics of kombu from laboratory-produced seed outplanted to several

different coastal environments throughout British Columbia.

The reader is referred to the first annual report for a general

reviewof the techniques and research approach employed (Druehl 1980a).

Figure 1 illustrates the locations in Barkley Sound referred to in

this text.
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Figure ;1. Locations in Barkley Sound, British Columbia,

referred to in this study.

f-

.I)
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KOMBU FARMS

1. Rope CUlture of Wild Laminaria g1"oenl.andiaa

Kombu farms were established initially to discern differences in

growth potential of L. groenlandica cultivated in different localities

and at different depths. The first farms, established in 1979, were

seeded with wild plants in their first year of growth. By using these

plants as seed, we were able to obtain preliminary data on plant

behaviour during their second and final growth season one year early, as

we were not equipped to outplant laboratory seed until the following year

Table 1 gives the seeding dates, locations and initial dimensions of the

plants used in this study.

During May and June 1980 these plants were harvested, weighed and

measured. After these initial measurements were made, heavily epi-

phytized distal portions of the blades were trimmed off and the plants

re-measured. They were then air/sun dried on a cobble beach on Dixon I.,

and stored for future evaluation.

On the basis of the May 1980 harvest, the Helby Island kombu farm

produced the largest final product, with Tzartus and Kelp Bay plants

being generally smaller. The Helby I. and Kelp Bay plants had blades of

,0;about the same thickness (as measured 30 cm from blade base), and

Tzartus I. plants had the thinnest blades.

The amount of plant material trimmed to remove heavily epiphytized

blade tissue was used as an indication of the degree of epiphytism. On

the basis of the May 1980 harvest data, epiphytism most severely affected

the plants in Kelp Bay, followed by Helby I. and Tzartus I.

The size of the harvested plants did not vary significantly with

depth from 1 to 4 m below the surface (Table 2, Kelp Bay).

The Kelp Bay plants harvested in June weighed approximately one

third more than the May-harvested plants. However, the degree of

epiphytism, as estimated by weight after trimming the blade tissue, was

considerably greater for the plants harvested in June (ca. 42%) than

for those harvested in May (ca. 28%).

Mean blade thickness decreased from May (0.8 mm) to June (0.6 mm)
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Table I. Mean sizes (i 1 S.D.) of wild Laminaria groenZandica (first
year plants) at time of transplantation and the sites seeded
with these plants. All plants were collected from Dixon Island
(n greater than 20).

Transplant
DateLocation Wet Wt. (g) Length (cm) Width (an)

Kelp Bay May 1979 trimmed to
30 cm

13.0:!: 5.6

Helby Island Sept.1979

Sept. 1979

Nov. 1979

34.4:!: 10.8

7.6:!: 4.6

5.9:!: 3.6

43.2 :t 11.6

17.6 :t 6.8

15.0 :t 4.9

11.

6.

4.

Tzartus Island Septo 1979

Novo 1979

13.1 :!:

5.8 :!:

5.6 26.6 :!:

16.0 :!:

8;1

5.8

7.5:t 1.3

4.3:t 1.53.2

5:t 2.3

7:t 2.6

5:t 1.6
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for the plants harvested from Kelp Bay. This change in thickness was

not expected on the basis of our observations on wild plants surveyed in

1979. Wild plants from Diana I. increased in thickness from a mean of

0.9 mm in May, to 1.0 mm in June 1979 (Druehl1980b). However, wild

plants collected from Dixon I. in June 1980 had a mean thickness of 0.7 mm

indicating that for this parameter, rope~grown plants were similar in size

to wild plants growing in the same locality. Comparison of other dimensions

of rope-grown and wild L. groenlandica indicated that the former obtained

a larger size and were less lacerated than the wild plants (Fig. 2).

The drying of three rope-grown plants was monitored under natural

sun/air conditions in June 1980. The plants were dried in direct sun (air

temperature 17 C) with a light breeze (Fig. 3). Table 3 records the weight

loss under these conditions for 2 h 50 min, and subsequently in a forced-air

drying oven (60 C) for 24 h.

In conclusion, these data demonstrate that it is possible for

L. groenLandica grown on rope farms to obtain harvestable size in a

total growth period of lB months.

The growth potential and degree of epiphytism of rope-grown plants were

observed to vary with location and harvesting time. Further, rope-grown

plants were found to be generally larger and less lacerated than wild plants

2. Location Effects orithe Growth of Laminaria g2"oenLandica Seed on Ro-pes

Preliminary studies on wild plants grown on rope indicated that even

within a fairly limited geographic area, different growth potentials could

be realized. To more systematically test this observation, laboratory-

produced seed ( sporophytes less than 4 mm in length) were outplanted to

four locations in Barkley Sound and one location near Sointula, Malcolm I.,

between January and March 1980.

The seed was spaced at 50 cm intervals along the rope and none of

the resulting sporophytes were thinned from the clusters of seed. The

largest plant in each of several (10-20) representative clusters was measured

at approximately monthly intervals.

Tables 4-6 provide an indication of the growth behaviour of seed g~own

at the four Barkley Sound farms. On the bases of length, width
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Table 3. Sun-drying time and weights of three Kelp Bay Laminaria
groenZandiaa plants harvested from ropes in June 1980.

'rime Weight {g)

ba c

11:00 310 325 275

12:30 85 100 75

13:50 60 60 50

after 24 hrs. @ 60C 43 52 39
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and approximate blade surface area, all net growth had ceased by October

1980. Net second year growth had commenced by January 1981, and in March

(the time of the final measurement reported here) , the dimensions of plants

from all four populations exceeded those observed throughout 1980.

The Helby I. and Adamson's Reef farms were planted in January 1980,

and the Scott's Bay and Execution Rock farms in February. By April 1980

the Helby I. plants had attained six times the blade surface area of

the other three populations (Fig. 4). Plants at the other three farms

were of approximately the same dimensions in April in spite of the month

difference in planting times. Comparison of change in blade surface

ar~a from November 1980 to March 1981 indicated a considerable differential

in growth potential between plants of the four farms as they entered

their second year of growth. The smallest November population (Adamson's

Reef) showed the greatest percentage increase in blade surface area

(ca. 250%), while Helby I. plantsjn~reased the least (ca. 130%).

Execution Rock and Soctt's Bay plants increased approximately 200% over

this period.

During 1980, the thickest plants developed at Helby I. and the

thinnest plants developed at Scott's Bay and Execution Rock {Table 7) .

By March 1981, the thickest plants were observed at Execution Rock.

Laminaria groenZandica seed from Barkley Sound was planted at

Sointula in February 1980. All of this seed was lost, however, probably

from abrasion by drifting material. This farm was reseeded in March 1980,

and the subsequent growth monitored until September, when all of the plants

were destroyed by drifting kelp (Macrocy8ti8 and Ne1"eocy8ti8) {Table 8).

In conclusion, good growth characteristics were observed for

outplanted seed of L. g1"oenZandica at all farm sites. Further, differences

in blade surface dimensions and blade thicknesses were evident between

the various farm sites. The final evaluation of seed response to the

different growth localities will be made in May-June 1981 when plants

from all populations will be harvested.

3.

The density of plants along a rope may affect the final dimensions



.

qo0)
.--1

~E
-t 'tI0)0)tn

ONIOr-i

II-I0.c. 
.

U
 

tn
rO

 
tn

0) 
0)

r-i
s:::

~0
.j.Is::: 

0\
rO

 
s:::

r-iOP
lr-i

~
 

S
~

 
U

.~'"Ij""

§O
N~

 
tn

~
 

rO
C

>
 

~
~~

O
\

s:::
~

 
.~

 
~

~
~

.~
 

P
I

§.j.I

~
 

9

.j.I11-1
tn 

O
0)0\0)
~

 
S

rO
 

r-i.j.I

O
).j.I

.c. 
rO

.j.I
0)

11-1 N
O

 
tn

.r-i
Q

 
rO

t/).j.I

r-i 
s:::

+
1

0)
.c.

tn~
.c.
.j.I0\ 

.
s::: 

tn
0) 

~
r-iO

).j.I
s::: 

tn
rO

 
::s

o)r-i
:2: 

U

O00~r-i~
.10) 

r-ib'S

.r-i 
~

 
u

~
Q

)~

~
r-i

~ 000O
\.c.

,..j.jJ 
~

e

>
t~

U
,..jQ

)~

~
,..j

I-) 000~
~

r-!+
J 

.0\8

+
J 

~
 

U
P

lQ
)~

Q
)r-!

U
)

0C
X

)~
m

~
 

,..j~
S

.~
 

u
~

Q
) 

U
,..j

O 0C
X

)~
Q

).j.) 
,

.-ib'l8
.~

 
U

>
Q

) 
O

.-i

Z ...1

C
X

)~

0\.j.J~

...It1I8.~
 

U

~
Q

) 
1U

...1

I":)

r-i

Q
)~

~
.j.) 

r-i0'\6

.c=
 

U

.Q
Q

)~
Q

)r-i

rz.

a>
~

.I-J~
~

 
Q

O.roi 
.I-J

.I-J 
~

~
 

~
U

r-f
0 

04
H

.I-J;:j
0

1.0

+
10"\

N ON+
1~~ mr-i

+
1\0\0 ""'

+
1

r-..
1.0

InN+
100

In N.-I

+
1oQ

'
Ll)

U
)

+
1~\0 ~.-4

+
111'1

00

0
>

. 
00

~
 

01
~

 
~

I/) 
.

.j.J 
~

.j.J 
rz..

oo 
~

(/) 
N

~uo 
o

~
 

000'1
~

 
...1

0-.-I.

~
 

~
u 

r..
0)x 

...1
~

 
N

10+
1

MM NN+
1

N~ 0\+
1

0\
00 ~.-I

+
11"'-

00 \0~+
1

~I/'\

Nroof

+
1

~\0 ~.-I

+
1

<
X

>
\0 N.-I

+
1

r--
~

11

~
 

0
~

 
0)

~
 

0\
M

 
M

00
H

 
.~

>
. 

~
.Q

 
I-:)

MQ
) 

~
:1:: 

N

OM+
1

Mr-. Ln.-I

+
1

1-'-
~ ';3'
r-j

+
1

II')
II')

O.-I

+
1

~U
")

O.-i

+
1.-i

~ Ln

+
100N \D+
100M 0'rooi

+
1\0II)

4'10)
0) 

0
~

 
00~

00 
.-I

~
 

.
0 

~
00 

~
~

 
I-)

rtj 
r--

1'1: 
N

00+
1

MM ~.-I

+
I

NID Lnroot

+
1

r-.
1.0

.-I
.-I

+
1

\0\0 r--

+
1

In~ ~+
J

MIn N+
1

O\0 .-I
N+

1

~00



.{J)
{J)

~
 

Q
)

.ri 
rooi

.j.J 
~

~
 

o
ro

~
8'

o
~

rooi
~:fj 

o

eqt
N

 
.

~
o

~0 
{J)

~
 

ro
~

~

~
 

t)'I
.~

 
~

~
 

.ri

~
.j.J

.~
 

~

~
~.j.J 

9
{J)
Q

)~
t)'Io
~ro 

Q
)

rooi .~

Q
) 

.j.J
.!:.
.j.J.j.Jro
~0 

Q
)

N
Q

) 
.ri

{J) 
{J)

ro
.Q

rooiro
Q

) 
.ri

rtj.j.)
ro 

.ri
rooi 

~
.Q

 
.ri

S
 

Q
)

0.!:.
~

 
~

~S
 

.
U

 
{J)
~

0 
Q

)
M

.j.J
{J)

..-~.rooi
O

 
U

.
U

)rtj
Q

)
rooi 

Q
)

{J)
+

1
~

o
N

{J) 
I

.!:.0
.j.Jrooi
rtj
.ri 

~
~

 
0

~
.!:.

ro 
U

Q
) 

ro
~

 
Q

)

I.t'\

0)
.-I

~~

.-I
C

X
)

~
.c 

.-I+
Je

.'d 
u

s=
 

-ri 
~

ro 
~

~ .-i00O
\.t: 

.-i~
Sortj 

u
~

 
.~

 
---

~ ~000"\
~

.c:~

.c:~
o

u 
..-I 

~

H
 

~
ro

~O000\
~

.c:.jJ 
~

 
~

 
e

-r-i -r-i 
u

~
~

~

'ft:

0000'1.£:: 
r-i 

.j.J 
s

~
 

u
>

. 
0,"", 

--

r-i 
~

~I":)

000O
'.c: 

M
oIJS

.~
 

U
oIJ 

.M
 

---

P
I~

Q
)

{/)

o00O
'I~

 
r-I+

J=

.rtj 
U

+
J -r-t 

U
 

~

0 000~
.r 

.-I 
.j.J 

S

"t1 
U

:>
 

-r-I 
~

0 
~

Z

Q
)

~
.jJ

ro
C

:Q
O.M

 
.jJ

.jJ 
c:

ro 
ro

U
.-i

0 
P

I
~

.jJ
~0

0
>

. 
00

ro 
~

~
 

~

tJ) 
.

.Q
.j.J 

0)
.j.J 

~
ou 

~
00 

N

M+
1

1/)
...I

N+
1

~~ N+
1

1.0

00+
1

OMM+
1

1'"00

~+
1N.--1

M+
1

~.-I

~+
1

In.-I

~uo 
o

~
 

000\
~

 
0.jJ 

.Q
:;j 

0)
u 

~
0)~

 
rz:I 

N

.-i+
1

1""--

~+
1

0\

~ IJ'I

+
1

ON oqI

+
1

r--
r-i

M+
1

1.0

~+
1

00
.-I

N+
1

M~ M+
1

r--
('I -12 

-

10 
O

~
 

00
ro 

<
"

.-I 
.-I

t/)
H

 
.~

>
. 

ro
.0 

t")
.-I0) 

qo
~

 
N

M+
1

00
~ M+

1

ON M+
1

r-.
.-I

M+
1

00root

1/1

+
1

1/1
.-I

(")

+
1

(")
rooi

M+
1

qt.-I

\.0+
1

II')
N

II-I0)0) 
0

~
 

00~
I/) 

.-i

~
 

.
0 

~
I/) 

~
~

 
I-j

10 
r--

0:1: 
N

.-I+
1

\0 M+
1

~M M+
1

1.0
r-i

00+
1

M'""'

M+
1

N.-I

M+
1

M.-I

~+
1

~.-I

I/)+
1

00.--1



.

1.00)
.-I

~E
-l .

U
J

HQ
)

oI.J

U
J

~,..ju'dQ
)

Q
)

U
J

ON

I
O,..j

II-IO.I::U
 

U
J

to 
U

J

Q
) 

Q
)

,..j

~.rof 
HO

oI.J

~
 

~

to 
~

,..j 
0

~
,..j

9 
~

.~'"1j~§o'
N

~
 

U
J

~
 

to

2 
~

~
~

~

~
 

.rof

.t; 
~

~
 

to

~
,..j

.~
 

~

~
"t'

I-:j 
O

oI.J11-1

U
J 

O

Q
)

~
Q

)
H

 
S

to 
.rof

,..jol.J

Q
) 

oI.J

.I:: 
to

oI.J

Q
)

11-1 
N

O
 

.rof

U
J

toQ
),..j

H
 

to

to 
.rof

.jJ

Q
) 

.rof
U

 
~

to 
.rof

11-1

H
 

Q
)

~
.I::

t/)E
-I

000
0'1 

>
<

.-j 
.c.

N
.c.oIJ

.-jE
oIJ'tj

.M
 

U
 

t1I .M
~

~
~

~

~
 

~

o00 
x

O
'\~

 
.r:.

.-IN
 

.r:. 
4J

84J'd
>

. 
U

 
t1' 

.rl
.-I'-'~

~
~

 
0)

t-) 
.-I

o00 
>

<
~

,... 
.r.

.-I 
N

 
.r. 

oI.J
.S

 
oI.J IV

.j.J 
U

 
01 

P
I 

~
~

Q
) 

Q
)

00 
.-I

o 
x

00 
~

0'1 N
 

~
 

.j.J
r-i6.j.J'd

.U
 

t)"\0,..j
.jJ 

~
~

U
 

Q
)

O
 

r-i

0 
>

<
00 

.1=
:

~
N

 
0£: 

.jJ
roofE

".jJ'tj
U

 
t]\ 

.ri
:>

---s::~
o 

0)
Z

 
roof

.-t 
x

00 
~

O
'IN

~
.j.J

.-te.j.J'O
.U

 
0"1 -r-i

~
 

§~
I-J 

.-t

.-I 
x

00 
.c=

~
 

C
=

oIJ
.-I 

N
 

oIJ 
~

.8 
~

.r-i
.Q

U
~

~
Q

)~
Q

)
~

 
.-I

.-I
00 

>
<

0'1 
.!;:

.-I 
!;:.jJ

N
 

.jJrtj
.!;: 

e 
b' 

-.-I
U

 
U

 
1=

: 
~

~
 

Q
)

10 
,...j

~

0)
~

.j.J
rn

~
Q

O.'"" 
.j.J

+
-! 

~
rn 

rn
u 
S

.f}l:=
'

0

>
. 

o
ru 

00
~

 
0"\
r-i

!I) 
.

,Q
.jJ 

0)
.jJ 

~
ou 

r-i
(/) 

N

~0'1

.--1

<
X

>
<

X
>

II) 0~~ Nr-.
0.--1

or-.
00 000\ ~NO~ 0U

)
U

)
N

~uo~
 

o00
~

 
m

0 
.-I

0..' 
.

+
J 

.Q
~

 
Q

)
u 

I:t..
Q

)
x 

.-I
~

 
N

~r-!
N ro~1"-
r-i

o00
~.-I 0\r--
~.--1

NU
)

HM ~0000~1.0

00 0'1
r-i
1.0
N

13

~s:=
 

0
ru 

00
r-i 

~
t/J 

r-i
H

 
.

s:=
>

-0 
ru

.Q
 

I-)
r-iQ

) 
~

:r: 
N

00["'0.
N~ 0~M.-I InM0\ Nr--
0\ 1!)
.-i
\0 ""1,0
M NMII) O':f'
':f'
~

II-I
0)0)
~

 
000

{/) 
0'

-.-I
~

 
.

£ 
@

~
 

I-)

'0 
r--

~
 

N

IJ")
ON 001.0
00 Nr--
0.-I roInro 0qoLl)

~001.0

0~00 NM0'1
.-4



l4 -

Table 7. Mean blade thicknesses (:1: 1 S.D.) 30 cm from blade base of the
largest Laminaria groenZandica plant in each of 10-20 seed
clusters. The initial size at time of outplanting was 0.4 cm
long or less.

Oct.1980
thickness

(cm)

Nov. 1980
thickness

( crn)

Jan. 1981

thickness

(cm)

Feb.1981
thickness

(crn)

March 1981
thickness

(cm)

Location &

O~tplantDate

.06

:!: .01

.06

:!: .02

.08 .07

:f: .01

.03

:!: .01

Scott's Bay

21 Feb.1980 :!: .01

Execution Rock

21 Feb. 1980

.07

:t .01

.09

:t.01

.08 .05 .05

:!: .01:t .01 ::!: .01

Helby Island

24 Jan.1980

.06

:t.01

.10 .09

:t .01

.06

:t .01

.03

:t.01 :!: .01

Adamson's Reef

27 Jan.1980 00

.08

:t.01

.09

:t .01

.09

:t .01

.05 .04

:t.01:t .01
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Table 8. Mean lengths, widths and thicknesses (! 1 S.D.) of
Laminaria groenlandica grown on ropes at Sointula from
26 March 1980 (n = 20). The initial size of these plants

was 0.4 cm long or less.

Measurements (cm)Pate

30 May 1980 67:t 21
17 :t 5

length

width @ 30 cm

24 June 1980 length

width @ 30 cm

75 :!:30
24 :!:6

9 Sept. 1980 76:t 22

25:t 6

.04:t .03

length
width @ 30 cm
thickness @ 30 cm
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and morphological features of the cultivated seed. Preliminary studies

were initiated to determine the response of L. groenlandica seed to

spacing intervals (30 vs. 50 cm between seed clusters) and density of

plants in each seed cluster (5, 12, or unthinned plants per cluster;

unthinned seed clusters usually bore more than 20 plants per cluster) .

The Helby I. and Execution Rock farms were seeded at 30 and 50 cm

intervals in January and February 1980. In March 1980 Helby I. seed at

30 and 50 cm intervals were thinned to 5 or 12 plants or not thinned, and

Execution Rock plants~t 30 cm intervals were thinned in September 1980.

In March 1981, seed in its second year of growth spaced at 50 cm intervals

was thinned to 5 plants per seed cluster at Execution Rock.

Plants grown at 30 and 50 cm intervals did not appear to be

significantly different in size as observed from July 1980 to March 1981

(Table 9). Further, over this observation period, thinning did not appear

to strongly affect the dimensions of the plants at Helby I. or Execution

Rock (Tables 9, 10). There was a tendency for the thinned plants to be

wider during 1980, but this difference was lost by March 1981.

A final assessment of spacing and thinning effects will be made at

the time of harvesting during the summer of 1981.

4.

Mr. Serge Villeneuve has established kelp farms at three locations

(Bamfield Inlet, Kelp Bay and Helby I.) to assess the effects of depth

on the growth of L. groenZandica. These farms are designed to provide

substrate for first and second year plants at 0, 1, 3, 5, 7, 9 and 12 m

below the surface. The general trends he has observed thus far are:

I) the most rapid growth for first year plants occurs at 3 m between

April and May, and at 5 m for the remainder of the year; 2) the most

rapid growth for second year plants occurs at 1 m between March and May

and at 7 m for the remainder of the year; 3) net growth at optimal depth

continues until August for first year plants and until June for second

year plants. After those months, erosion of blade tissue equals or

exceeds the production of new tissue.

The above results suggest a strategy for optimizing growth

characteristics by seasonally altering the depth at which the plants are
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Table 10. Effects of thinning on L. groenlandica planted as seed at
Execution Rock in February 1980. Measurements indicate means
(I 1 S.D.) of the largest plant from each of 10-20 plant
clusters. Thinning was executed during March 1980.

1 cluster/30 cm

12 plants/
cluster

5 plants/

clusterUnthinned

2 Oct.

1980

87 :t 14

17 :t 4

0.07 :t 0.01

73 :t 16length

width @ 30 cm

thickness @ 30 cm

20:t 5

0.06:t 0.02

82:!: 12

18:!: 3

0.07:!: 0.01

26 Nov.
1980

length

width

thickness

49:t 12

18:!: 4

0.09:!: 0.01

54:!: 16

16:!: 3

0.09:!: 0.01

55 .t10

19 .t 2

0.10 .t 0.01

5 Jan.

1981

length

width

thickness

47:!: 12

16:!: 3

64;1: 12

18:!: 4

0.08:!: 0.01

53:!: 15

15:!: 4

0.09:!: 0.01 0.09:!: 0.01

29 Jan.
1981

68:t 14

13:t 2

0.05:t 0.01

length

width

thickness

62:t 7

14:t 2

0.04:t 0.01

50 t 12

12 t 3

0.04 t 0.01

10 March
1981

84:!: 34

27:!: 4

0.04:!: 0.01

96 :t 22

30 :t 6

0.04 :t 0.01

length

width

thickness

64 :t 12

28 :t 4

0.04 :t 0.01
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grown. We have now modified some of our farms to allow for an easy

change in vertical position of the plants.

5. Rope Culture of Cymatheretriplicata Seed

Microscopic seed of C. tpipZiaata was outplanted to the Kelp Bay,

Tzartus I. and HelbyLkombu farms 19 January 1980. Sporophytes visible

to the naked eye were first noted 26 February, and by March the plants

were approximately 15 cm in length. The plants increased in length until

May and in width and thickness until September (Table II, Fig. 5). Soral

development commenced in August and all plants were fertile by September.

Most of the plants became eroded to 10-15 cm blade length but persisted

into January 1981. Our field observations in Barkley Sound indicate

that wild populations of C. tPipZiaata become scarce by November, and

those plants remaining also have very little blade tissue. We were able

to obtain seed from our rope-grown plants, however, even as late as

January.

The c. tpipZiaata grown in Barkley Sound (both wild plants and rope

plants} have much smaller and thinner blades than do wild plants observed

in the Sointula area. We are presently comparing the growth of seed from

both localities in several environments to distinguish between environmental

and genetic effects on C. tpipZiaata growth and morphology. ,"

On the basis of our experience with C. tPipZiaata it appears that

this species is amenable to rope culture. Although this same species is

at present harvested commercially for kombu in Japan, ours is the first

attempt to cultivate it.

6 Modified Kombu Farm Structures

We have modified the physical structure of the kombu farm to better

suit the growth and substrate requirements of kombu seed. Presently, we

work with two basic farm types.

The first type, referred to as the surface farm, is essentially a

large letter "H" where the horizontal section of rope supports the kombu

plants. The vertical lines extending from the horizontal line to the

surface buoys, can be lengthened or shortened to move the plants into a

more favourable growth environment. This farm is usually anchored by 45

gal. oil drums filled with concrete.
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The second farm type, the bottom farm, differs from the surface

farm in that the plants are held at a constant distance above the ocean

bottom, with the depth from surface varying with the tides. The plants

are supported by a horizontal rope 2-3 m above the bottom, at a depth of

approximately 7-10 m below the surface. since less drag is encountered

by this type of farm, small concrete anchors (ca. 0.5 m3) are adequate.

The surface farm is designed for both C. tpipliaata and L. gpoen-

~iaa, and the bottom farm for C. tPipliaata, which we feel may show

superior growth characteristics at greater depths.

Kornbu Farms Initiated in 19817.

Several new farms have been established in 1981 (Table 12}. The

purpose of these farms is to test the effects of the following parameters

on kombu production: a} geographic location, b} maintenance of plants at

constant vs. seasonally altered depth, c} seeding with plants from

different sources, and d} the effects of farm type on plant performance.

Two new geographic locations for kombu farms have been added to our

study sites. Two farms have been established in Masset, Queen Charlotte

Islands, in conjunction with the Haida Band, and two farms have been

established on Nelson Island, near Fender Harbour, in co-operation with

Tidal Rush Marine Farms. These locations differ from our earlier study

sites in that they are both subjected to considerable tidal currents.

The Nelson I. site is of particular interest in that the farms are

adjacent to an intense salmon farming operation, which may significantly

increase the available nutrients required for plant growth. Both the

Haida Band and Tidal Rush Marine Farms have expressed interest in future

kombu farming .

The success of our farms depends to a large extent on the

availability of people to observe the farms on a regular basis. This

point is emphasized by the loss of our first Sointula crop to drifting

kelp. Drifting kelp and logs are common phenomena in British Columbia

coastal waters, and their presence requires regular vigilance.
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Table 12. Kombu farms initiated in 1981; (5) refers to the surface farm
type and (8) to the bottom farm type.

Seed$Q\,lrce SeedO~tp!~nt Pepth

Laminaria

groenl.andiaa
Cymathere

tripliaata

L. groenl.andiaa
C. tripliaata
C. tripliaata

L. groenl.andiaa

Scott's
Bay

Barkley Sound (5) 2m from surface

Execution
Rock

Helby I

Bark ley Sound

Barkley Sound
Bark ley Sound
Malcolm Island

Barkley Sound

c. tripZioata Barkley Sound

c. tripliaata Malcolm Island

Adarnsonts
Reef

Masset
Sointula
Nelson I.

Barkley Sound
Bark ley Sound
Malcolm Island

Barkley Sound

Barkley Sound

Malcolm Island

(S) 2m from surface

(S) 2m from surface
(S) 2m from surface
(S) 2m from surface

(S) 2m from surface
(S) Sm from surface
(S) 2m to be moved

to Sm from
surface

(B) Sm below low
water

(S) 2m from surface
(S) 2m to be moved

to Sm from
surface

(B) Sm below low
water

(S) 2m from surface
(S) 2m to be moved

to Sm from
surface

(B) Sm below low
water

(S) 2m from surface
(S) 2m from surface
(S) 2m from surface

(S) 2m from surface
(B) Sm below low

water

(S) 2m from surface
(B) Sm below low

water

(S) 2m from surface
(B) Sm below low

water
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SEED PRODUCTION

Generally, seed of L. gpoenZandiaa can be predictably produced

within 50 days. Cymathepe tpipZicata is not as reliable, but we usually

can obtain seed plants from our cultures. We presently believe that

C. trip Zicatamay require a greater light intensity to induce sporophyte

production.

Frequently, our cultures become contaminated with a unicellular,

non-motile green alga. This plant does not destroy the kombu seed but

it appears to retard the seed development.

Approximately 20 strains of L. groenZandica and c. tripZicata are

being cultured under red light conditions. These cultures will be used

to test for genetic differences between strains and to produce seed at

times outside the normal seed production period.

Cultures of C. tripZicata gametophytes maintained in darkness have

been successfully used to produce seed of this species out of season by

re-introduction to light.

Cloned L. groenZandica seed, produced from red-light reared

gametophytes has been outplanted to Adamson's Reef, 28 October 1980.

This seed has grown very well and by March 1981 the dimensions of these

plants were approaching those of seed planted the previous February

(Table 13). The implication here is that this seed, produced out of

season and planted late in the year, is now behaving as though in its

second year of growth. This discovery opens the possiblity of producing

L. groenZandica kombu in approximately one year rather than 18 months.
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Table 13. Mean dimensions (:!: 1 S.D.) of cloned Lcunina1'ia g1'oenZandica
seed outplanted to Adamson's Reef 28 October 1980.
Measurements are derived from the largest plant in each
cluster (n = 15).

Measurements

( c;:m)Date

4 Jan. 1981 6 :t 4

2 :t 1

length

width @ 10 an

5 Feb. 1981 length

width @ 10 an

thickness @ 10 an

17 :!: 9

8 :!: 3

.02 :!:.01

10 Mar. 1981 49 :!:18

18 :!:5

.03 :!:.01

length

width @ 30 cm

thickness @ 30 cm
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CLONING OF KOMBU SPOROPHYTES

The culture of kombu is presently dependent, among other things,

upon the successful completion of the alternate haploid stage of the

larninarialean life history. Since this involves meiotic cell division

to produce haploid spores, the genotypes, and therefore the phenotypes,

of the sporophytes that arise in the following generation, are

unpredictable.

In our previous annual reports, a method was described for cloning

the gametophyte generation to produce genetically identical sporophytes.

This has proven to be a successful technique, but as pointed out

previously, the drawback of this method is that the kombu quality of the

sporophyte clones is not known until these plants have reached harvestable

size.

For these reasons, we have been attempting to clone the sporophyte

directly, and thus bypass meiosis and the gametophytic generation

altogether. The techniques used have been modified from Saga et aZ. (1978)

and Fries (1980). The basic procedure has been to collect a plant with

good kombu qualities and excise the meristematic region at the blade base.

This is wiped with paper towels, and immersed in 1% NaOCl for 20-30 min.

The tissue is then rinsed in sterile sea water, cut aseptically into

pieces approximately 1.0 x 0.5 cm, and these are placed in either liquid

or solid sterile enriched medium (PES -Provasoli, 1968; PESI -Tatewaki,

1966; 8g agar.l-l). The cultures are then placed in cool white fluorescent

light at lOC.

Several age classes of Laminaria groenZandica have been cultured in

this manner, including laboratory-produced seed 2-4 cm in length. These

young plants did not stand up well to treatment in NaOC1, however, and

hence all cultures eventually become contaminated. Non-meristematic

regions of blades which showed callus-like growth have also been used.

After several weeks in culture, tissue originating from all the

above sources showed signs of differentiation into macroscopic tufts of

gametophyte-like filaments (Fig. 6). These filaments apparently arose

by some other process than meiosis, since care was always taken to ensure

that no soral tissue was used for culturing. If this is the case, then

these "gametophytes" are diploid, in contrast to the typical haploid
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laminarialean gametophytes. Similar results were observed by Nakahara

and Nakamura (1973) , who found diploid monoecious gametophytes developing

fran diploid blade tissue of AZaria crassifoUa Kjellm.

In certain older cultures, structures resembling unilocular

sporangia have been observed growing as brandhes from the gametophyte-like

filaments (Fig.6). These have occasionally been observed in the process

of releasing flagellated spores (Fig. 6). The spores remain motile for

a periOO of time, then settle down and germinate ~n a manner similar to

typicallaminarialean spores, differentiating into filaments appearing

identical to those fran which the sporangia arose. As yet, we do not

knG[ whether mitosis or meiosis within the sporangia give rise to these

spores.

Experimentation with various additions to the culture media, i.e.
2 1-1 . 1 .0- d 0 2 1-1 k 0 t . 20 1-1 .0 mg. 1ndo e acet1c ac1 , .mg. 1ne 1n, g. sucrose,

singly and in canbination, and controls with no additions, all appear to

promote filamentous growth and sporangia production equally well. Thus

far, no sparqphytes have been dbserved in these cultures, but we are

experimenting with media types, photoperiod, seasonality of original

sporophyte tissue used, and alternative culture teChniques.
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ENVIRONMENTAL MONITORING

1. Epiphytism

Epiphytic fouling of the kombu farms adversely affects the rope

structures, and decreases the value of the harvested kombu. We have

initiated a comprehensive epiphyte monitoring programme which may provide

us with clues as to how to avoid detrimental epiphytism.

In February 1981 we established a series of seeded vertical lines

which were attached to some of the existing kombu farms. The degree of

epiphytism of these lines as a function of location, depth and time will

be quantified using methods described by Roland (1980) .

In preparation for the research described above, generalobservations

were made monthly on epiphytes occurring on L. groenlandica seed outplanted

January-February 1980 (Table 14). the major epiphytes which were

abundant during the harvest season were: diatoms, Membranipora, and Obelia.

The nesting gammarid amphipod, though not abundant, did cause considerable

damage by gluing portions of the blades together. Generally, the

epiphytes were restricted to the older, non-growing blade tissue. However,

the protozoan Ephelota, and diatoms were common on young growing tissue.

2. Water Motion

Water motion has been recognized as a very important factor

affecting the quality of cultured kornbu in Japan (Hasegawa, pers. corom.) .

Nutrient and gas exchange, both primary factors influencing productivity,

are directly affected by water movement, since the depth of the boundary

layer surrounding a plant is a function of water velocity. Wheeler (1980)

has demonstrated that for the giant kelp Maaroaystis pypifera (L.) C. Ag.,

photosynthetic production can be enhanced threefold by increasing water

velocity over the blade surface from O to 4 cm.sec.-l. Water motion

which is too violent, however, can limit production (Gerard and Mann,

1979). The importance of this environmental parameter thus necessitates

its objective measurement at the various kornbu farm locations.

The difficulties involved in measurement of nearshore water motion

have been circumvented by most marine ecologists by adoption of a

subjective classification systan, e.g. "exposed vs. sheltered" terminology.
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Table 14. Epiphytes occurring on Laminaria gpoenZandica seed outp1anted
in Bark1ey Sound January-February 1980.
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Excluding prohibitively expensive multi-directional flow-meters, there

have been as yet no entirely satisfactory objective methods developed.

The two most popular procedures involve either a drogue arrangement

(Charters et at., 1969~ Jones and Demetropoulos, 1968), or the use of

plaster of Paris objects whose erosion rates are supposed to reflect the

intensity of water motion experienced (Muus, 1968~ Doty, 1971; Gerard

and Mann, 1979) .Both of these methods were investigated for their

reliability and applicability to the kombu farm studies.

The plaster erosion studies were conducted using plaster of Paris

cylinders. The cylindrical shape was recommended by Paul LeBlond (pers.

comm.), who contends that other shapes such as the spheres used by Muus

(1968) and Gerard and Mann (1979) and the "clod-cards" used by Doty (1971),

interfere with water flow by creating local turbulence, which in turn

irregularly biases erosion rates. By measuring diameter loss in the

mid-section of a cylinder, one is able to get a clearer picture of the

dissolution rate caused by laminar flow.

The cylinders were made in PVC (polyvinyl chloride) pipe molds

(3 x II cm) using three different plaster formulae: a) with latex paint

added as recommended by Valerie Gerard (pers. comm., 1980) , b) with one

half the above amount of latex, and c) with no latex. They were allowed

to set for at least two hours after pouring, then oven-dried at 55C for

a time period appropriate for each of the formulae tested.

In order to relate cylinder erosion rates to water movement, the

cylinders were calibrated in a flow-through water tunnel at discrete

water velocities ranging from 0.160 m.sec.-l to 0.755 m.sec.-l The water

tunnel used was a flow-through respirometer designed to study fish

swimming physiology. Temperature, which can affect dissolution rates

(Muus, 1968), was maintained at llC t lC with a thermostatically controlled

refrigeration system. Control cylinders were suspended in still water

at llC for the same time period as their corresponding test cylinders.

Mid-section diameters were recorded upon removal from the water. In

later studies when weight loss was also considered, the cylinders were

redried at 55C and reweighed.

The drogues used in this study measure maximum drag caused by water

movement during a given observation period (Fig. 7). They were attached

to the horizontal kombu lines so that they would float below the surface
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of the water. Passing waves and currents pull on the wooden disc causing

extension of the graduated spring scale which in turn causes the riveted

tab to record a reading.

The drogues were calibrated in the tidal narrows in Grappler Inlet.

Water velocity was measured by recording the time it took a neutrally

buoyant marker (grapefruit) to pass along a 10 m line, and corresponding

readings were taken on the drogue.

The calibration results for the plaster/latex cylinders (both

formulae) were poor, with no observable trend in the relationship

between water velocity and dissolution rates. In calibrating the no-

latex cylinders, both diameter and weight changes were considered, since

preliminary field tests indicated length differences in cylinders which

were set out at the Execution Rock and Kelp Bay farms. Figure 8 shows

the results of the no-latex cylinder calibrations. Although the variability

was great, erosion rates appeared to increase as a function of water

velocity.

The drogue calibration results are shown in Figure 9. Variability

was again high but not unexpected, considering the crude nature of the

devices and the calibration technique.

In conclusion, we have elected to use the drogues to quantify the

water motion at each koI!1bu farm. Their inexpensive construction and

ease of calibration makes them suitable for our needs. We are now

prepared to quantify water motion, perhaps the last remaining major

environmental variable in our moni toring programme .

3. Physical and Chemica.lParaIl1eters, E:J(:cluding Water Motion

An environmental monitoring programme designed to assist in

identifying optimal sites for kombu farming, and to better understand the

plants' response to a seasonally changing environment, has been conducted

at all farm sites in Barkley Sound. Seasonal change in all monitored

environmental variables is illustrated for two kombu farms --Helby I.

and Kelp Bay (Fig. 10) .

To test for seasonal differences for each parameter at each farm

site we arbitrarily divided the year into a summer period (April-October)

and a winter period (October-April) .The mean values for each period

were compared using a Student's t test, with data for April and October

omitted. Environmental data were collected weekly.
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Figure 8. Relationship between diameter loss of plaster of

Paris cylinders and water velocity. Vertical bars

indicate S.D., n = 4.

0 0.300 ,0.4000.100 0200

Water velocity (m.s-')



Figure 9.
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Significant seasonal differences were observed for all parameters

monitored, excepting cloud cover, for at least one kombu farm site

(Tables 15, 16). Seasonal differences in seawater temperature were

pronounced at all farms and depths, whereas salinity was consistently

distinctive only at 4 m depth. Nutrients showed the greatest seasonal

fluctuations at surface and 1 m depths, with seasonality becoming in-

distinguishable at 4 m.

To test for differences between the kombu farms, a one-way analysis

of variance was conducted on summer and winter data for each environmental

parameter (Table 17).

The seven farms could be distinguished only by surface salinity and

sea state during the winter period. These two parameters also distinguished

the farms during the summer period, and with a higher probability.

Several other environmental parameters also distinguished the seven kombu

farms during the summer (Table 17). The parameters which best distinguished

the farms (P'0.001) were seawater temperature (surface, I, 2 m), salinity

(surface, 1 m), sea state, NH4 (1 m), and PO4 (1 m). Water transparency

(K value, secchi depth), cloud cover and NO2 were of no value in dis-

tinguishing stations (P>O.O5).

These data indicate that to distinguish between sites one need only

monitor a few parameters during the summer period. However, year-round

data on a wide range of environmental parameters are required to under-

stand biological processes important to the growth and maturation of kombu.

We will continue to collect data for all parameters at all Barkley

Sound sites until June 1981, at which time the kombu will be harvested.

The biomass and morphological features of the plants harvested from each

site will be compared with the environmental features of that site. This

process will determine which environmental parameters that distinguish

the farms, also predict the best sites for farming kombu.

An attempt is being made to conduct an environmental monitoring

programme at the kombu farms outside Barkley Sound. However, the lack

of instrumentation and the difficulty of analyzing nutrients at the time

of collection limits the variables we can assess.

During 1980 the Marine Resources Branch collected some nutrient

data at the Sointula kombu farm (Table 18). The values recorded for

Sointula are considerably higher than those for Barkley Sound sites.
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.
FJ.gure 10. Seasonal variation in all monitored environmental

variables for Helby Island and Kelp Bay. Readings

were taken weekly. The values presented are the

average of three consecutive weekly readings. Where

more than one line occurs on a graph the solid line

represents surface conditions, the long dash represents

conditions at 1 m and the short dash represents

conditions at 4 m. The sea state index is a scale of

1 (calm) to 5 (heavy seas) .K values represent the

light extinction coefficient between 1 and 3 m.
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Table 17. A one-way analysis of variance comparing summer values and
winter values for each environmental parameter separately,
between the seven kombu farms. Degrees of freedom >136.
Underlined values are p~O.O5.

~ (~robability) Value

Winter

0.781

0.680

0.926

0.974

0.904

0.960

0.034

0.703

0.224

<0.001

<0.001

<0.001

0.048

<0.001

<0.001

0.030

0.048

<0.001

0.118

0.019

<0.001

0.061

K Value

Secchi Depth

Temperature (surface)

Temperature (I m)

Temperature (2 m)

Temperature (4 m)

Salinity (surface)

Salinity (1 m)

Salinity (2 m)

Salinity (4 m)

0.092

0.335

0.649

<0.001

0.852

0.841

0.946

0.969

0.213

0.264

0.396

0.859

0.864

0.662

0.822

0.098

0.478

Sea state

Cloud cover

NH4 (surface)

NH4 (1 m)

NH4 (4 m)

NO3 (surface)

NO3 (1 m)

NO3 (4 m)

NO2 (surface)

NO2 (1 m)

NO2 (4 m)

PO4 (surface)

PO4 (1 m)

PO4 (4 m)

O.OlO

0.002

0.287

0.621

0.556

0.751

0.060

0.001

0.494
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Table 18. Mean nutrient concentrations observed during 1980 at the
Sointu1a kambu farm. Data provided by the Marine Resources
Branch, Ministry of Environment.

-1
JJg-at.N.l

(NO3 + NO2)

Surface

1lg-at.pol-l

(PO4)
2 m

July (2) 8.70 11.65 1.06

August (4) 15.02 10.89 1.57

September (4) 15.17 13.07 1.74 1.58

October (1) 10.99 19.25 1.56
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