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ABSTRACT

The impact of harvesting on growth of the giant kelp, Macrocystis
integrifolia Bory, was studied in a large, medium density kelp bed
near Masset, B. C., in the Queen Charlotte Islands. Standard growth
rates, G (growth in cm/day of a 1m frond) for control (unharvested)
plants in June were 5 - 6 cm/day for plants at the outer edge of the
bed, 4 - 5 in the middle of the bed, and 3 - 4 at the inner edge.
During July respective G values were 4.5 - 5.5, 5 - 6, and 4 - 5.
At all positions G dropped below 4 during August and September.
Harvesting at 1.6 m below mean water level in early June significantly
Towered growth rates, however growth rates after harvesting in mid
July were not significantly effected and may have been slightly
enhanced. Inner bed plants tended to have more blades per length of
stipe than outer plants; this parameter was not effected by harvesting.
Blade initiation rates were similar throughout the bed (¥ = .28 blades/day
from June-September) and were not significantly effected by harvesting.
Two methods for the estimation of canopy replenishment time following
harvesting are described and compared.



INTRODUCTION

Macrocystis integrifolia Bory is a large kelp which forms dense
beds along portions of the outer coast of British Columbia (Field and
Clark, 1978). It has considerable economic potential as a source of
algin, as a mineral supplement for humans and livestock, and as a
fertilizer base (Druehl, 1972; Whyte and Englar, 1974, 1976, 1978;
Whyte et al, 197€). Long term industrial utilization of Macrocystis
will require that wild stocks rearow and recruit following harvest.
Thus, survival of a kelp industry will depend on the development of
sound resource management guidelines to ensure conservation of the
resource base. Such guidelines must be based on an understanding of
how Macrocystis grows and reproduces, and how these phenomena are
influenced by the natural vagaries of the environment and the added
pressure of harvesting by man.

While the basic pattern of frond initiation and growth of
Macrocystis have been known for some time (Scagel, 1947), the actual
rate of frond growth has been observed infrequently. Scagel's (1947)
pioneering study near Port Hardy, B.C. provided the earliest published
growth rates for Macrocystis in British Columbia. The only other
published records are those of Lobban (1976, 1978a, 1978b) who studied
growth and translocation in Barkley Sound, B.C. Growth rates of M.
pyrifera in southern California have been reported by Morth (1968, 1971).
Frond growth rates following harvesting have only been reported for M.
pyrifera (North, 1968).

Several regions of the Queen Charlotte Islands, in the north coastal
waters of British Columbia, have extensive beds of Macrocystis having
potential economic value (Coon et al, 1979). This report contains the
results of a preliminary study of harvesting impact on the regrowth of
Macrocystis in McIntyre Bay, off the north coast of Graham Island
(Figure 1). 1t provides the first record of Macrocystis growth
information north of Vancouver Island. Frond growth and blade initiation



rates were examined as effected by harvesting, time of harvest, and the
position of plants within the bed. A preliminary analysis of canopy
replenishment rate is provided as an exercise to illustrate the use of

the abovementioned data types as predictive tools for the resource manager.
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HISTORICAL NOTES

The beds of Macrocystis integrifolia Bory and Nereocystie luetkeana
(Mertens) Postels and Ruprecht .off the north coast of Graham Island
constitute one of the larger concentrations (Coon et al, in prep.)
of readily accessible kelp in the coastal waters of British Columbia. Yet
the first commercial interest in the Queen Charlotte kelp resources
emerged only in 1967 when Canada Kelp Company Limited applied for harvesting
licences for the whole of the Queen Charlotte Islands. Since the Queen
Charlottes were not surveyed in the 1946 inventory of B.C. kelp resources
(B.C. Research Council, 1947), Canada Kelp conducted its own inventory in
August and September, 1967 (Norpac, 1968). Bed areas, densities and total
biomass were estimated between the Mazarredo Islands in Virago Sound and
the Kl1iki Damen River just east of the mouth of Skonun River (Figure 1)

An estimated total standing crop of 140,630 tonnes (72,849 tonnes of
Nereocystis and 67,781 of Macrocystis) were located in the survey
area

In 1968 Canada Kelp completed construction of a drying plant near
Masset with the aim of supplying kelp meal to the European and Japanese
markets. A 1,000 ton per day capacity harvesting vessel was under
construction when the company, through a financial setback, was placed in
receivership. In 1972 the compiete assets of Canada Kelp were acquired by
Kelpac Industries Limited and, in August, 1973, the drying plant first
produced kelp meal in a trial run operation (Whyte and Englar, 1974).

In 1973 the Marine Resources Branch and the Industrial Development
Division of the Federal Fisheries and Marine Service jointly funded another
inventory of kelp stocks to cover the areas previously inventoried (Blakely
and Chalmers, 1973). Aerial photography using 70 mm false color infra-
red film was employed to determine bed areas for each species and ground
truth sampling to estimate bed densities (kg/m2). Total standing crop
biomass was estimated by multiplying area X density. An estimated total
standing crop of 117,235 tonnes (WNereocystis - 48,819 tonnes; Macrocystis



68,416 tonnes) was found in the survey area.

Kelpac was unable to secure its financial base in time to put
the Masset plant into operation for the summer of 1974, but expected
to be in full scale operation by June, 1975. This year-long interum
period allowed for the initiation of a kelp management research program.
The results of this preliminary research form the body of this text.
Kelpac's development plan never came to fruition, and, as of 1979,
no further harvesting studies have taken place in this region.
Macrocystis biomass in the Masset area was reassessed in 1976 and
1978 (Coon et al, 1979; Coon et al, in prep.), using the inventory
method developed by Foreman (1975).

DESCRIPTION OF STUDY SITE

The study site was a moderately dense Macrocystis bed located
off South Beach in McIntrye Bay (54° .03' N, 132° .6' W) at the
northern end of Graham Island in the Queen Charlotte Islands, British
Cotumbia (Figure 1). The bottom was sandy near shore and changed
to firm clay 800 m from the shore. Macrocystis grew on boulders
scattered throughout this region from approximately 3 m below MWL
near shore, to 6 m below MIL at the outer edge of the bed. Mean
water level for 1974 was 2.9 m. Tidal range during large tides is
6.0 m; HHW is at 6.0 m above datum and at LLW is at 0.0 m. Temperature
and salinity at 0.9 m depth were reported by Giovadi and Hollister
(1973) for nearby Langara Island in 1973. Temperature increased
from 9.3°C in June to 11.7°C by September, and winter temperatures
were 6 - 7°C. Average monthly salinities throughout the year varied
by no more than 1 °/oo from 32 °/oo. Mean hours of bright sunshine
per month over six years for Sandspit (Figure 1) from June through
September was 174, and November through February was 67 (Department
of Agriculture, 1972). The study site was exposed to waves and surge
during spring and summer; the senior author has observed that the
bed is thinned considerably over the winter months.
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Figure 1. Location of the Macrocystis harvest study site near Masset, Q.C.I., in summer 1974.
Bed density information is from Coon et az, (1979).



DESCRIPTION OF MACROCYSTIS INTEGRIFOLIA

The giant kelp Macrocystis integrifolia grows attached to rock
substrate only in areas with 1ittle seasonal variations in sea water
temperature and salinity or in areas where lower salinities occur
during winter when water temperatures are low (Druehl, 1978). Druehl's
observation that the distribution of Macroeystis in Barkley Sound is
restricted to moderately wave-exposed areas or areas subjected to
appreciable tidal currents (provided solid substrate is available) can,
on the basis of the senior author's experience, also be generally applied
for the rest of the British Columbia coast.

Macrocystis exhibits a determinate heteromorphic alternation of
generations, with a microscopic oogamous gametophytic stage and
macroscopic sporophyte stage. Sporophyte plants produce asexual
unilocular sporangia in soral patches on specialized basal laminae
called sporophylls. Mature sporangia rupture, releasing biflagellate,
motile zoospores which, after settling on suitable substrate, lose
their flagella and develop into male or female gametophytic branched
filaments. Male gametophytes develop antheridia that liberate motile
biflagellate sperm. The females extrude a large egg cell which develops
into an embryo after fertilization. The zygote undergoes repeated
divisions, producing a small stipe and blade. This juvenile sporoohyte
grows rapidly and ultimately results in the mature sporophyte. Under
good illumination in shallow water, about one year is required from
zoospore liberation to the development of a mature sporophyte, representing
the completed life cycle of M. pyrifera (Neushuland Haxo, 1963). We estimate
that about the same time period is required for M. integrifolia to
complete its life cycle in British Columbia waters.

Details of the morphology and growth of the sporophyte of M. integrifolia
are provided by Scagel (1947) and Lobban (1978a). The blade of the
juvenile sporophyte divides dichotomously to form two identical blades;
while still dividing dichotomously, each half begins dividing unilaterally
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Figure. 2. Semi-diagrammatic sketch of Macrocystis integrifolia Bory.






