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ABSTRACT

Infrared aerial photographs and biological data collected in the field were used in

a modification of the Kelp Inventory Method (KIM-1) developed by Foreman (1975).

Estimates were made of the kelp bed area and total standing crop biomass of Nereocystis

luetkeana and Macrocystis integrifolia along the southwest shores of Porcher Island,

Goschen Island and Prager Islands, the north and northwest shores of Banks Island and

the west shores of the Estevan Group for Aug. 24 and 25,1996. Results indicated that

41,232 tonnes of N. luetkeana, 16,160 tonnes of M. integrifolia and 2,260 tonnes of N.

luetkeana and M. integrifolia in mixed beds were present. Total bed surface areas of N.

luetkeana, M. integrifolia and mixed beds were estimated to be 741,313 and 36 hectares,

respectively. Eleven chan sheets are presented which show the position, extent, species,

and density of every discernible kelp bed within the surveyarea. For inventory and

management purposes the area is divided into numbered, kilometer wide blocks.

Portions of the 1996 Estevan Group inventory area are compared with

overlapping areas from a 1976 survey. Melville Island and Dunira Island to the north of

the inventoried areas and Kitasu Bay and Higgins Pass to the south were not covered by

the aerial photography required for complete inventory work but results of biological

sampling in these areas are summarized.
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Inventory Summary
The following table provides a summary of kelp bed surface area and total

standing crop biomass estimates for the three 1996 inventory areas on the northern

British Columbia coast for Nereocystis.. Macrocystis and mixed beds of Nereocystis and

Macrocysti.s .The mean biomass per Nereocystis plant and per Macrocysti.s frond and the

mean Macrocystis density from 1995 field samples are also provided for the north coast

inventory region and for two areas that were not covered by aerial photography.

Nereocystis

192.94

423.70

124.49

741.13

~
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34.50

Q,..,?§.
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27.44

219.37
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Nereocystis mean biomass/plant:

Macrocystis mean biomass/frond:

Mean density of Ma~stis bed:

4.88 kg.

0.73 kg.

7.07 fronds/sq.m--~

~~~

One 14 kilometer section of coast in the Estevan Group was also surveyed 20

years previously in 1976. Changes in methods used and differences in tide height at the

time of photography between the two inventories should be considered for their influence

on results. Estimates for the area of overlap in the inventories varied by species as shown

below but, overall, the 1996 bed area and biomass were about half of 1976 estimates.
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INTRODUCTION

Nereocystis luetkeana (Mertens) Postels and Ruprecht and Macrocystis integrifolia

Bory are large, canopy-forming kelp species that are found in beds along extensive

portions of the British Columbia coast. Beginning in 1975, the Provincial Government

undertook a program to locate and quantify the standing crop of these economically

important kelps using the inventory method (KIM-1) developed by Foreman (1975).

Since that time major kelp stocks have been inventoried throughout the province (Coon,

1981; Coon et al, 1976,1979, 1980, 1981,1982; Field, 1996; Field et al, 1975, 1977,

1978; Sutherland, 1989, 1990, 1996).

The present report contains the results of a 1996 survey of portions of the

northern coast of British Columbia by the Aquaculture and Commercial Fisheries Branch

of the Ministry of Agriculture, Fisheries and Food. Areas covered include the southwest

shores of Porcher Island, Goschen Island and Prager Islands; the north and northwest

shores of Banks Island from Deadman Inlet to Kingkown Inlet; and the west shores of the

Estevan Group from Otter Passage north of Trutch Island to Oswald Bay (see Figure 1).

These areas were priorized and chosen from areas of interest and known kelp abundance

in the region. Biological data collected in the field in 1995 has been combined with

digitized mapping of the kelp resource from 1996 aerial photography to produce

estimates of the area covered by kelp beds and their total standing crop biomass.

Portions of the present survey area were described previously by inventories that

took place in 1976 (Coon et al, 1980; Field et al, 1977). In the 20 years that have

elapsed, seasonal and annual variation as well as longer-term changes and large scale

oceanic events (El Nifio) , have affected the local stands of large kelps. One 14 kilometer

section of coast in the Estevan Group overlapped in 1976 and 1996 inventories and

changes in kelp bed extent and composition are compared.

At the time of 1995 field sampling for the inventory, field crews also collected

additional data at Melville Island/Dunira Island to the north and Kitasu Bay /Higgins Pass

to the south that were not covered by aerial photography (see Figure 1). This data has

been summarized and included in a section at the end of the report.

The main use of marine plants in British Columbia is for the herring spawn-on-kelp

industry. In 1996, 38 licenses were issued for the harvest of MacrocystLc; for this purpose

and 110.0 tonnes were landed (BCMAFF, 1996). Additional licenses were issued for
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Figure 1. Map of the northern British Columbia coast showing inventory areas for August
24 and 25,1996 (shaded). Also shown are areas where only field samples were
taken.

other species including Nereocystis and Laminaria (8 licenses; 35.0 tonnes), and

Salicomia (2 licenses; 1.5 tonnes landed) which were processed into dried and fresh

products for human consumption or manufactured into fertilizer. Accurate and

comprehensive data on the standing crop of kelp in British Columbia provide a basis for

allocating these resources through licensing and for establishing area specific harvest

quotas.

Kelp beds are important to other marine species and kelp inventory charts and

data will be of value to those preparing environmental impact statements or conducting

surveys for herring spawn, abalone, sea urchins, sea otters and other species. The
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present inventory is also expected to be of aid in management issues within the area of

Tsimshian Tribal Council land claims negotiations.

The kelp inventory data, results and maps now form a component of the British

Columbia Aquaculture System, a digital database of the Ministry of Agriculture, Fisheries

and Food that includes results of all British Columbia finfish and shellfish capability

studies and marine plant inventories.

METHODS

The KlM-1 technique uses aerial photography in combination with field sampling

data to produce kelp bed maps and estimates of kelp bed areas and biomass. While the

basis of the KlM-1 method has remained the same, certain steps have changed through

time to improve accuracy and/or decrease the field work component as well as to take

advantage of new technologies such as digitized mapping. Modifications of this method

as stated by Coon et al (1976), Field et al (1977) and Sutherland (1989, 1990 and 1996)

were used in this study.

Briefly the KIM-1 technique involves obtaining 24 cm. format, 1:7,200 scale, black

and white, infrared (IR) aerial photography of the kelp bed and shoreline in the desired

region. The black and white IR negatives are used to prepare charts of the coastline and

the offshore kelp beds. The kelp bed charts produced are divided to sections, or blocks,

that are 1 kilometer in width along the shore for statistical purposes. Kelp bed surface

area data is derived from these charts.

The technique identifies six bed types on the basis of:

a) species -Macrocystis or Nereocystis or mixed (considered to be 42% Nereocystis and

58% Macrocystis; Foreman, 1975); and

b) plant or frond density -low density (less than 10 plants or fronds per 10 square

meters) or high (greater than 10 plants or fronds per 10 square meters).

The lowand high density separation at 10 plants or fronds per 10 square meters is

arbitrary and has been used in all inventories in British Columbia to date. Its purpose is

to allow increased accuracy of density estimates based on the photography (for

Nereocystis in recent inventories) by dividing the random samples for the point intercept

method (Foreman, 1975) to more similar groupings of low and high density bed types.

Ma crocystis density values determined from field transects suggest that the actual density
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of fronds is higher than predicted by the KIM-1 technique. It follows that the division to

high and low density Macrocystis beds is at a higher level than 10 fronds per 10 square

meters. In the present survey Macrocystis density values determined from field transects

were applied to all Macrocystis bed areas. High and low density Macrocystis beds have

been kept separate on the charts and in area measurements, however, to provide detail as

presented in previous inventories.

Due to budget, manpower and schedule considerations, aerial photography and

field data collection could not be undertaken concurrently. Near the time of year that the

beds were photographed, although the year previous, field crews obtained samples of

kelp from the inventory area to determine mean weight per plant (Nereocystis) or frond

(Macrocystis) and recorded numbers of plants along transects on the sea floor to

determine density for Macrocystis. Density for Nereocystis and bed area for both species

were determined from analysis and mapping of the aerial photographs. Kelp biomass was

determined by multiplying the mean weight per plant or frond values by the plant or

frond densities and multiplying this product by the observed bed areas. All biomass

estimates in this report are of total standing crop.

The Ministry of Agriculture, Fisheries and Food provided field sampling data and

aerial photographs under contract to IEC Collaborative Marine Research and

Development Ltd. who undertook the initial air photo interpretation and mapping of the

kelp beds. McElhanney Consulting Services Ltd. was contracted to digitize the mapped

kelp bed polygons using monorestitution techniques. The company also placed the

statistical kilometer blocks, calculated the areas of kelp bed polygons, provided computer

data files (ARCINFO spatial data set) and 1:20,000 scale maps of the inventory areas. IEC

then completed the data analysis for the inventory and produced the present report. In

cooperation with IEC, the Ministry modified the maps for accuracy, ease of viewing and to

make them suitable for reproduction.

Nereocystis

In this inventory, wet weight was determined for whole Nereocystis plants as they

were sampled at randomly located stations in the survey area. The mean biomass per

plant statistic for Nereocystis used in subsequent calculations is derived from the mean of

sample station means of wet weight per plant.



6

Nereocystis beds are made up of plants of varying lengths. The density of

Nereocystis plants visible on the surface at the time of photography varies with tide height

(ideally at Mean Water Level (MWL) .:t 0.6 meters for the KIM-1 method; tide height for

the present photography was at MWL) and is determined directly from the photographs

with the aid of a microscope with ocular grid and using the KIM-1 point-intercept method

(Foreman,1975). A percent point-intercept to density regression for Nereocystis, as

developed by Foreman and Cabot (1979), was employed in this inventory. The tidal

heights at the time of photography relate density data from the photos to MWL for further

calculations.

Prior to work at Porcher Island in 1981 (Coon, 1981), vertical biomass

disttibution data for Nereocystis was used to produce estimates of biomass at various

harvesting depths relative to MWL. Beginning in 1981, in order to minimize the costly

field work component, the time consuming weighing of each 1 meter increment of the

plants was discontinued and length measurements of Nereocystis plants merged relative

to MWL have been used to produce a table of cumulative numbers of plants in 1 meter

increments above and below MWL. These cumulative numbers are used to convert the

density observed from the photography to total or bottom density as follows:

Total density at bottom = (Conversion factor) X (Density derived from

photography)

Where the conversion factor = Total no. Dlants in all samQles
no. plants in all samples that would

extend to sea surface at tidal
height at time of photography

The original KIM-l method used a conversion factor based on cumulative biomass

in a similar manner. Calculations using data from previous inventories have shown that

the present method, in practice, produces total standing crop estimates differing little

from those produced using the original KIM-l method (Sutherland, 1990).

For the present Inventory, plant length data was not available. The conversion

factors used in the report were taken from the vertical profiles provided in previous

reports for the areas or near to them as shown in Table 1. This substitution introduces a

source of error in the overall standing crop estimate as vertical profiles from past

inventories from Northern Vancouver Island and northward show that between 79% and
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95% of plants (correction factors of 1.05 to 1.26) reach MWL +1- 0.6 meter, the tide

height at the time of photography for the present inventory (see Table 2).

Table 2. Percentages of Nereocystis plants in samples extending to MWL (.t- 0.6 meters)
and calculated density conversion factors (from density at MWL to total density)
for various northern British Columbia inventories.

M acrocystis

Wet weight was also determined for whole Macrocystis fronds from samples at

randomly located stations in the sur:vey area. The mean biomass per frond value

reported for Macrocystis is the mean of the sample stations means.

In the KIM -1 method, Macrocystis density was derived using the point intercept

method similar to that presently used for Nereocystis .Beginning in 1982, as a result of

perceived underestimation of Macrocystis biomass by the KIM-1 technique, densities for

this species have been estimated from counts by SCUBA divers of the numbers of fronds

found within one meter on either side of randomly established 40 meter long transects on

the bottom. This provides frond numbers from 80 square meter sections of the sea bottom

at each sample station. Macrocystis density in this inventory was determined in the field

from such counts in the vicinity of biomass sampling stations.
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Mixed Nereocystis and Macrocystis

Changes to the method described above have required modification of the method

used to calculate mixed bed biomass. Total mixed bed biomass per hectare for each

kilometer block has been calculated as follows:

Mean biomass Mean biomass Mean biomass
per hectare of = .42 X per ha. of + .58 X per ha. of

low or high density low or high Macrocystis
mixed kelp Nereocystis

The 0.42 and 0.58 figures in the equation are derived from the ratio found to

occur in samples used in development of the KIM-l method. Low or high density is not

considered for the Macrocystis portion of the calculation.

RESULTS

Aerial Photography and Tidal Data

Kelp bed area for all bed types and density estimates for Nereocystis provided in

this report are based on the aerial photography for the inventory area which was flown

between 11:14 and 11:54 on August 24, 1996 and between 13:05 and 13:55 on August

25, 1996 (Pacific Standard Time). This places the timing of the photography within the

desired 10:00 to 14:00 range that provides proper sun angles for best IR picture quality.

Conditions were good for the photography with clear weather, little wave action and

minimal glare. All film sections were usable for kelp bed interpretation.

Tidal data and correction factors were provided by the Canadian Hydrographic

Service, Institute of Ocean Sciences. As recommended by the Service, observed water

level data from the tidal gauges at Bella Bella and Prince Rupert were corrected to the

inventory areas using secondary port corrections as follows: secondary port of Griffith

Harbour for Porcher Island, Goschen Island and Banks Island; and secondary port of

Block Islands for the Estevan Group. Tidal height at the time of photography was within

the MWL .:!:.0.6 meter KIM-1 tidal range. Over the inventory area height varied from the

upper end of the range at the Estevan Group (MWL +0.5 to +0.6 meters), to close to

MWL at Banks Island (MWL +0.2 to -0.3 meters) and to the lower end of the range at

Porcher Island/Goschen Island (MWL -0.4 to -0.5 meters).
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Inventory Areas and Statistical Block Locations

Figures 2 through 4 show the locations of statistical blocks at the west side of the

Porcher Island/Goschen Island area, the north and west sides of the Banks Island area

and the west side of the Estevan Group, respectively. Chart Sheets 1 through 11

(included in Appendix) illustrate the disposition of kelp bed resources by bed type along

the 70 statistical kilometer blocks of the inventory area. Placement of the kilometer wide

blocks has been kept as similar as possible to the 1976 inventory layouts for comparison

but blocks have been re-numbered consecutively over the 1996 inventory areas.

Mean Biomass per Plant or Frond and Density

Table 3 presents the field-determined mean biomass per plant and frond (total wet

weight) estimates obtained from means of 14 Nereocystis and 21 Macrocystis sampling

stations within the overall inventory area. A total of 142 Nereocystis plants and 496

Macrocystis fronds were sampled at these stations September 12 to 15,1995.

Considerable variability exists between stations (see standard deviation values reported).

Maximum and minimum station mean biomass values were 9.96 kg. and 1.06 kg. per

Nereocystis plant and 1.48 and 0.2 kg. per Macrocystis frond.

The Macrocystis density value derived from transect counts performed on the same

dates and at the same locations as Macrocystis biomass samples were taken is shown in

Table 4. The standard error value of 0.65 fronds per square meter represents 9% of the

mean and falls within the 20% criterion established for the method (Sutherland, 1990).

11,880 Macrocystis fronds were counted on 1,680 square meters of bottom over 21

stations. Maximum and minimum Macrocystis mean station densities from transects

were 12.48 and 2.46 fronds per square meter.

Mean biomass for both species and Macrocystis density statistics for two areas

outside the inventory (Melville IslandlDunira Island and Kitasu Bay/Higgins Pass) have

been calculated separately and are presented in a section at the end of this report.

Kelp Bed Area and Biomass Estimates

41,232 tonnes of Nereocysti.s, 16,160 tonnes of Macrocysti.s and 2,260 tonnes of

mixed kelp, totaling 59,652 tonnes, were estimated to lie within the 70 kilometer blocks

inventoried over the three areas. Nereocysti.s made up 69% of the total biomass,

Macrocystis made up 27% while mixed kelp made up 4% of the total. Of the 1,090
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11

53° 40'
4SHEET

SHEET 5

z
-(r

~

BANKS ISLAND

--;--~

'~I , nautical miles

LEGEND

kilometers, ., ,

~/~Air photo line!o o

SHEET 1
Statistical blocks

0
A{

~

\"-x"SHEET 6
0
"'
.
0
"'

..~.

Figure 3. Map of the Banks Island inventory area for 1996 showing the layout of
statistical blocks 15 to 47, chart sheets 4-7 on which theyare included in the
appendix and the air photo flight lines.



12

.11 ..J. SHEET 8

i"t\j" t\.~I 1\

53 o 10'

?OSso~e
o,\e(

~

c::?

~<>

SHEET 9

TRUTCH
ESTEVAN

ISLAND

GROUP SHEET

~

-!
LEGEND

~\

~
Air photo linesO O

""" "

Os wold

BOy

SHEET 10

~
DEWDNEYSfOfisficol blocks

ISLAND

nautical miles

q,
kilometers

Figure 4. Map of the Estevan Group inventory area for 1996 showing the layout of
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Table 3. Nereocystis mean biomass per plant and Macrocystis mean biomass per frond
values derived from Sept., 1995 field samples as used to calculate biomass
estimates for the inventory area.

Nereocystis mean biomass/plant = 4.88 kg. SO = 2.5014 stations

SD = 0.31Macrocystis mean biomass/frond = 0.73 kg. 21 stations

Table 4. Field determined Macrocystis density value derived from counts along Sept.,
1995 transects used in total standing crop estimates for the inventory area.

Mean number of fronds
per square meter

of Macrocystis bed
= 7.07 21 stations SD = 2.97

hectares of kelp bed in the inventory area, 741 hectares of Nereocystis made up 68%, 313

hectares of Macrocystis bed made up 29%, and 36 hectares of mixed bed made up the

remaining 3%.

Tables 5 through 7 present estimates of kelp bed areas, density and biomass for

bed types within each block of the three 1996 north coast inventory areas. Table 8

summarizes the data for the entire inventory area. Tables 9' 10 and 11 summarize the

bed area and biomass estimates, the percent bed area and the percent biomass

composition, respectively, for each bed type in each area.

Porcher Island/ Goschen Island

The aerial photography of the Porcher Island/Goschen Island area (see blocks 1-

14 on chart sheets 1-3) was limited to a single flight pass in width which did not cover the

full offshore extent of the kelp beds. This is evident in examination of the chans

produced and by comparison with previous inventory work in the area (Coon et al, 1980).

Within the photographic coverage, however, extensive beds of 221 hectares were

estimated to contain 13,560 tonnes of kelp, primarily Nereocystis (193 hectares and

12,097 tonnes). 27 hectares ofMacrocystis beds with estimated biomass of 1,416 tonnes

were found over the 4 kilometers of Porcher Island shore immediately north of Cape

George but not elsewhere. This area also contained less than 1 hectare of mixed beds.
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Banks Island

The Banks Island inventory area (see blocks 15-47 on chart sheets 4-7) is the

largest of the three 1996 north coast inventory areas. Including 33 of the 70 kilometer

blocks, it contains 62% ( 678 ha. ) of the kelp bed area and 61% (36,364 tonnes) of the

biomass. The northwest side of Banks Island covered by the inventory (blocks 29-47) ,

north to the Borrowman Group (blocks 27,28) , was predominantly made up of small beds

with the exception of the Goring Reef area (blocks 41-42) .Of the 268 hectares of bed

area and 13,614 tonnes biomass in this northwest section, Nereocystis made up 92% of

both bed area and biomass while Macrocystis made up 8% and mixed beds less than 1 %

of both bed area and biomass.

The remaining section in this inventory area including the Borrowman Group and

the north side of Banks Island (blocks 15-28) contained the most extensive beds (410

hectares and 22,750 tonnes). In this section Macrocystis was more significant making up

49% (199 ha.) of the bed area and 45% (10,254 tonnes)of the estimated biomass.

Nereocystis made up 43% of the bed area and 46% of the biomass; mixed beds accounted

for the remaining 8% of bed area and 9% of the biomass. While most of the Banks Island

area covered is irregular in depths and contains many shallow reefs, charts show the

Larsen Harbour to Deadman Inlet foreshore on the north side (blocks 17-22) which has

the largest Macrocystis beds contains flatter, more uniform bottom areas.

Estevan Group (Blocks 48-70)

The 23 statistical kilometer blocks on the west coast of the Estevan Group (blocks

48-70 and chart sheets 8-11) contain the lowest amount of kelp bed area (191 ha.) and

biomass ( 9,728 tonnes) of the three 1996 inventory areas. The area contains numerous

reefs and includes only small beds, of which 35% are Macrocystis by area and biomass (66

hectares and 3,425 tonnes), the remainder being Nereocystis (124 hectares and 6,271

tonnes) with a very small amount of mixed beds ( < 1 hectare and 32 tonnes) .Both

species were found throughout the outer coast, except at the offshore islands in Otter

Passage to the north where Nereocystis was alone. Beyond its entrances, Langley Passage,

a protected channel behind Nichol and Bamard Islands( parts of blocks 56-59 and blocks

66-70), contained only Macrocystis.
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Table 9: Total standing crop biomass and kelp bed area estimates for each geographic
area summarized by kelp species for the 1996 inventory area.

Biomass

(metric
tonnes)

Area

(hectare)Geographic area~

Low Density Nereocystis
Porcher Island/ Goschen Island
Banks Island
Estevan Group

3,534.7
11,045.6
4,187.8

113.

306.

105.

Area 1

Area 2

Area 3

High Density Nereocystis
Porcher Island/ Goschen Island
Banks Island
Estevan Group

8,562.1
11,818.1
2,083.5

79.

116.

18.

Area 1

Area 2

Area 3

Low and High Density Macrocystis
Porcher Island/ Goschen Island
Banks Island
Estevan Group

1,415.9
11,319.5
3,424.7

27.
219.

66.

Area 1

Area 2

Area 3

Low Density Mixed
Porcher Island/ Goschen Island
Banks Island
Estevan Group

0.0

408.1

19.6

0.00
9.29
0.41

Area 1

Area 2

Area 3

High Density Mixed
Porcher Island/ Goschen Island
Banks Island
Estevan Group

47.7
1,772.4

li&

0.75
25.21
Q:lZ

Area 1

Area 2

Area 3

59,652.3 1,090.14Total of all species for entire inventory area:

44
37
37
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Table 10. Percent composition of low and high density Nereocystis, Macrocystis and mixed
bed area in each chart area. The last column gives percent composition of the kelp
bed surface area for the entire 1996 invento area.

Bed Area Porcher Island Banks Estevan
Area: Goschen Island Island Grou Combined

Nereocystis
-low density

-high density

51.5%

35.8%
45.3%
17.2%

55.3%

9.7%

48.3%
19.7%

Macrocys~
-high and low 12.4% 32.4% 34.7% 28.7%

Mixed
-low density

-high density

0.0%
0.3%

1.4%

3.7%

0.2%

0.1%
0.9%

2.4%

Table 11. Percent composition of low and high density Nereocystis, Macrocystis and mixed
bed total biomass in each chart area. The last column gives percent composition of
the total biomass for the entire 1996 inventory area.

Biomass Porcher Island Banks Estevan
Area: Goschen Island Island Grou Combined

Nereocysti$
-low density

-high density

26.1%

63.1%
30.4%
32.5%

43.1%

21.4%

31.5%
37.7%

Macrocystis

-high and low 10.4% 31.1% 35.2% 27.1%

Mixed

-low density

-high density

0.0%
0.4%

1.1%

4.9%

0.2%

0.1%
0.7%

3.1%

Comparison With Previous North Coast Kelp Inventories

Sections of coast covered by the present inventory along the Porcher

Island/Goschen Island and the Estevan Group shores were also included in past

inventories (Coon et al, 1980; and Field et al, 1977).

Unfortunately, the 1996 aerial photography of the Porcher Island/Goschen Island

area did not include the full offshore extent of kelp beds as covered in the 1976 survey.
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precluding comparison of numerical results. Viewing of sections of kelp beds in the

Porcher Island/Goschen Island area covered in both years, however, suggests that bed

areas have remained similar with, perhaps, a trend towards more high density beds in

1996.

In the Estevan Group, a 14 kilometer section of the western shores of Trutch Island

and Barnard Island including statistical blocks 51 to 63 and 65 overlaps well with 1976

coverage. Table 12 presents the kelp bed area and total standing crop biomass estimates

for 1976 and 1996 in the overlap area by bed type. Figure 5 presents the information

graphically by species. When all bed types are included for this area, the 1996 bed area

and biomass estimates are roughly half of the 1976 estimate (53% and 48%,

respectively).

In the 1976 inventory of the overlap area, Macrocystis made up 4% of the bed area

and less than 1% of the total biomass; in 1996 the species reached 25% of the bed area

and 26% of the biomass. Macrocystis bed area was found to be 3 times larger in 1996

than 1976 while the average biomass per hectare for the species in 1996 of 51.6

tonnes/ha. was 5.3 times the 1976 value of 9.8 tonnes/ha. when high and low density

Macrocystis are not considered. Accordingly, the Macrocystis biomass estimate for 1996

was almost 16 times the 1976 estimate.

Table 12. Kelp bed area and total standing crop biomass estimates for a 14 kilometer
region of overlap in 1976 and 1996 inventories of the Estevan Group by bed type
and summarized by species. 1976 Elks. 67-68,70-78,80-82; 1996 Elks. 51- 63,
65. (1976 data adapted from Field et al, 1977); high and low denote density; N
= Nereocystis; M = Macrocystis; Mix = mixed beds.

Area (hectares }

1976
1996

~

5.50

0.58

IQW
273.73
144.47

M

12.03

35.96

1976
1996

M!:! ~

167.3 14,947.1

32.2 7.123.4

N

14,662.1

5,235.7

M

117.7

1,855.5

1976
1996

N

256.20

107.93
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Figure 5. Bar charts showing changes in biomass and bed area by species for the 14
kilometer region of overlap in 1976 and 1996 inventories.

Nereocystis bed area and biomass estimates declined over the 20 years and by

1996 are 42% and 36%, respectively, of the 1976 estimates. The species also makes up a

lower portion of the total bed area and biomass. In the 1976 inventory estimate, 94% of

the bed area and 98% of the biomass in the area of overlap was made up of Nereocystis;

this has declined to 75% of the bed area and 74% of the biomass in 1996. Mixed beds

are not extensive in the region of overlap, making up only 2% of the bed area in 1976 and

less than 1% in 1996.

In comparing the results of the two inventories, it is important to consider the

changes to methodologies and the manner of reporting the data that have taken place.

When good aerial photographic coverage is available, kelp bed area determination can be

quite exacting. Methods used for measuring area have taken advantage of new

technologies but in general the process has changed little. The spatial extent of kelp beds

in inventory work is determined by the air photo image available for interpretation. As

described above, a lesser amount of kelp is able to reach the water surface as the tide

height increases. Tide height at the time of the 1976 photography was one meter below

MWL (for the KIM-1 method this is MWL -lm .::1:. 0.6 m). In the 1996 photography tide

height was at MWL (actually at the upper limit of MWL .::1:.0.6m) and less kelp should be

visible. In theory the difference in density should be accounted for during correction of

Nereocystis to total density for both years and for Macrocystis for 1976 and should not be

a concern for Macrocystis for 1996. Decreases in the visible kelp bed extent with

increasing tide height, however, may be a consideration. The kelp beds within the area of

1976 and 1996 inventory overlap are generally small. Whether due to tidal factors at the

15,000

~ 10,000 +
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time of photography or to actual decreases in bed extent, many of the beds charted in

1976 are visible as patches of reduced size in the 1996 photography.

Mean biomass per plant or frond and density estimation have both undergone

changes. Both are used in combination with bed area to estimate kelp biomass. As

shown in Table 13, mean biomass per plant and frond values are quite similar for 1976

and 1996.

Table 13. The mean total biomass per plant and frond for both the 1976 and 1996
Estevan Group inventories. (1976 data from Field et al, 1977)

In the 1976 inventory work for the area, results were reported as biomass above

MWL. Changes to techniques noted in the method, and the requirement for total standing

crop information for harvest quota determination have resulted in the reporting of total

standing crop biomass. Total standing crop biomass is always higher than the biomass

above MWL for these species and care should be used when comparing estimates from

past inventory work. Nereocystis density in both years and Macrocystis density for 1976

was derived using the point intercept method. In this comparison, 1976 values have been

converted to total standing crop biomass using the appropriate combined biomass and

density factors from the report. As mentioned above, 1996 calculations for Nereocystis

total density used a conversion factor based on the vertical distribution of plant numbers

from 1976. As the mean biomass per frond values differ little, increased density is largely

the cause of the increase in Macrocystis biomass per hectare for 1996. Macrocystis

density values for 1996 were derived from underwater transect counts which have been

found, in practice, to result in biomass estimates 1.4 to 1.9 times those that result when

KIM-1 density methods are used (Sutherland, 1990).

Melville Island/Dunira Island and Kitasu Bay/Higgins Pass field samples

Field sample data was obtained for two regions that were not covered by aerial

photography. Table 14 presents the field-determined mean biomass per plant or frond

(total wet weight) estimates obtained from Nereocystis and Macrocystis sampling stations
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in the Melville IslandlDunira Island area to the north of the main inventory area on

September 9,1995 and Kitasu Bay/Higgins Pass area to the south on September 19 to 22,

1995 (see Figure 1). Table 15 presents the transect derived density per square meter

values for Macrocystis.

Table 14. Nereocystis mean biomass per plant and Macrocystis mean biomass per frond
estimates from Sept., 1995 field samples for areas not covered in inventory.

Melville Island/Dunira Island September 9, 1995
Nereocystis mean biomass/plant = 3.67 kg. 1 station

(10 plants sampled)

Macrocystis mean biomass/frond = 1.36 kg. 10 stations SD = 1.08
(station max. = 3.91 kg.; station mill. = 0.21 kg.; 239 fronds sampled)

Kitasu Bav/Hig~ Pass September 19 to 22,1995
Nereocystis mean biomass/plant = 1.96 kg. 4 stations SO = 0.84
(station max. = 2.57 kg.; station min. = 0.77 kg.; 47 plants sampled)

Macrocystis mean biomass/frond = 0.57 kg. 26 stations SO = 0.29
(station max. = 1.34 kg.; station mill. = 0.24 kg.; 1,070 fronds sampled)

Table 15. Field determined Macrocystis density value from Sept., 1995 transect samples
for areas not covered in inventory. Each station represents an 80 sq.m. transect.

Melville Island/Ounira Island September 9,1995
Mean fronds/ sq.m. = 4.62 10 stations SO = 2.75
(station max. = 9.63/sq.m.; station min. = 1.86/sq.m.)

Kitasu Bav/Hig~ Pass September 19 to 22,1995
Mean fronds/ sq.m. = 4.84 27 stations SO = .68
(station max. = 17.9/sq.m.; station min. = 0.00/ sq.m.)

The Nereocystis mean biomass per plant values from field data are lower in both

Melville IslandlDunira Island and Kitasu Bay/Higgins Pass (although only one Nereocystis

sample was taken in the former) than in the inventory area covered by this report.

Macrocystis mean biomass per frond is higher at Melville IslandlDunira Island than in the

inventory area but is lower than the inventory area at Kitasu Bay/Higgins Pass.

Macrocystis density is lower in both of these areas than in the inventory area.
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DISCUSSION

Prior to 1974, methods used to estimate kelp stocks in British Columbia were

limited by problems such as "poor repeatability , inaccuracy in estimating aerial extent

and mean plant biomass, non-representative sampling, and lack of consideration of tidal

influences" (Foreman, 1984). The KIM-1 method developed by Foreman (1975) has

been found to be repeatable (Foreman, 1982), uses accurate measurements from aerial

photographs, incorporates random sampling and considers the vertical distribution of kelp

through the water column relative to tidal height.

KIM-1 biomass estimates for high density Nereocystis have shown overestimates of

approximately 20-40% when compared with harvested quantities (Foreman, 1984). KIM-

1 biomass estimates for high density Macrocystis beds appear to be underestimates but

results of harvest tests are inconclusive. Changes to the KIM-l method have attempted to

provide more accurate estimates of Macrocystis stocks and to streamline field work.

Modifications to the method for Nereocystis appear to produce minor changes to estimates

while those for Macrocysris have resulted in increases of up to 93% over the KIM-l

method (Sutherland, 1990). Further testing would be required to fully determine the

accuracy of standing crop estimates, possibly by comparing actual harvest yield against

the estimates generated by the inventory methods.

The mean biomass per Nereocystis plant for the inventoIY area, at 4.88 kg. was

slightly below average for previous northern British Columbia coast surveys. Over the

entire inventory area, low density Nereocystis beds averaged 3.6 kg. per square meter,

high density Nereocystis beds averaged 10.5 kg. The mean biomass per Macrocystis frond

for the inventory was 0.73 kg. which is at the lower end of the range northern British

Columbia coast surveys. MacTOcystis beds covered by the survey had a mean total

biomass of 5.2 kg. per square meter. Low density mixed beds averaged 4.4 kg. and high

density mixed beds averaged 7.0 kg. per square meter.

The major concentrations of kelp within the survey areas were found in the

Porcher Island/ Goschen Island and Banks Island areas. The Porcher Island/ Goschen

Island area was the smallest of the three north coast inventory areas surveyed in 1996.

Although the photographic coverage did not extend to the full offshore extent of the kelp

beds, it included considerable quantities of Nereocystis. The Banks Island inventory area

covered the largest stretch of coast and contained the most kelp of all bed types in terms
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of bed area and biomass and included some extensive beds of both species. The Estevan

Group inventory area consisted primarily of small Nereocystis and Macrocystis beds along

the many reef areas.

The largest Nereocystis beds were found in blocks 7 -9 in Freeman Passage between

Porcher Island and Goschen Island (sheet 2, Table 5), blocks 21,28 and 29 off the north

and northwest shores of Banks Island (Sheets 4 and 5, Table 6), and blocks 41,42 and 45

near the entrances to Kingkown Inlet (Sheet 7, Table 6). The largest Macrocystis beds

were found in blocks 18-20, 27 and 28 off the north and northwest shores of Banks Island

(Sheets 4 and 5, Table 6).

One 14 kilometer section of coast along the west shores of the Estevan Group was

inventoried in 1976 and in 1996. Although changes in methodology and differences in

tide height at the time of photography between the inventories cloud the issue, estimates

showed an overall decline over the twenty year period to approximately half of the bed

area and biomass. Macrocystis beds increased during the period while Nereocystis beds

declined. Mixed kelp made up less than 2% of beds in both years.



-25

REFERENCES

BCMAFF, 1996. The 1996 British Columbia Seafood Industry Year in Review. Annual
publication by the B.C. Aquaculture and Commercial Fisheries Branch of the B.C.
Ministry of Agriculture, Fisheries and Food. 8 pp.

Coon, L.M., 1977. Marine Plant Management Program in British Columbia. A paper
presented at the IXth International Seaweed Symposium at Santa Barbara,
California, U.S.A. in August, 1977 (Mimeo). 17 pp.

Coon, L.M., 1981. Kelp Inventory, 1981. Porcher Island. Unpublished data.

Coon, L.M., 1982. An assessment of kelp stocks in the Port Hardy-Malcolm Island
region. Ministry of Environment internal report. 6 pp.

Coon, L.M., E.J. Field and Canadian Benthic Ltd., 1976. Nootka Sound Kelp Inventory,
1975. British Columbia Marine Resources Branch, Fish. Management Rep. No.2
(2nd Edition). 27 pp.

Coon, L.M., W.G. Roland, E.J. Field, and W.E.L. Clayton, 1979. Kelp Inventory, 1976,
Part 3. North and West Coasts Graham Island (Q.C.I.). British Columbia Marine
Resources Branch, Fish. Management Rep. No.13. 26 pp. plus 5 charts.

Coon, L.M., W.G. Roland, E.J. Field, W.E.L. Clayton, v. Jenson, 1980. Kelp Inventory,
1976, Part 4. Goschen Island to the Tree Knob Group. British Columbia Marine
Resources Branch, Fish. Management Rep. No.19. 18 pp. plus 6 charts.

Coon, L.M., W.G. Roland, E.J. Field, W.E.L. Clayton, V. Jenson, 1981. Kelp Inventory,
1976, Part 5. North Vancouver Island, Hope, Nigei and Balaklava Islands. British
Columbia Marine Resources Branch, Fish. Management Rep. No.20. 20 pp. plus
5 charts.

Coon, L.M., W.G. Roland, I.R. Sutherland, R.A Hall, 1982. Kelp Inventory, 1978,
Northwest Coast of Vancouver Island. British Columbia Marine Resources Branch,
Fisheries Development Report No.28. 16 pp. plus 5 charts.

Field, E.J., 1996. Kelp Inventory, 1993, Areas of the British Columbia Central Coast from
Hakai Passage to the Bardswell Group. B.C. Aquaculture and Commercial
Fisheries Branch, Fisheries Development Rep. No.37: 23 pp. plus 8 chans.

Field, E.J. and E.A.C. Clark, 1978. Kelp Inventory, 1976, Pan 2. The Dundas Group.
British Columbia Marine Resources Branch, Fish Management Rep. No.11. 21 pp.
plus 4 charts.

Field, E.J., L.M. Coon, W .E.L. Clayton and E.A.C. Clark, 1977. Kelp Inventory, 1976, Part
1. The Estevan Group and Campania Island. British Columbia Marine Resources
Branch, Fish. Management Rep. No.9. 19 pp. plus 5 charts.



26



27

APPENDIX

Charts on Sheets 1 through 11 are enclosed in the following envelope in reduced format.


