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Introduction:

This is the third in a continuing series (see Foreman, 1974, and Coon
et al, 1976) and the first of five Kelp Inventory, 1976 reports aimed at
locating and quantifying the major kelp resources of British Columbia.
Species inventoried include the alginophytes Nereocystis luetkeana (Mertens)
Postels and Ruprecht and Macrocystis integrifolia Bory.

Historically, little was known of the kelp stocks off Campania Island
and in the Estevan Group. In the summer of 1946, during a boat-based survey
of the coast, British Columbia Research Council (1948) investigators located
about 1,056 tons (958 metric tonnes) off the west side of Campania Island
in narrow, sparse, beds. They also reported some 10,500 tons (9,520 tonnes)
in a large bed on an "uncharted reef" in Estevan Sound.

Rationale for the present inventory was based, firstly, on indications
of large beds on Canadian Hydrographic Service charts of the area and sub-
sequently, on the sighting of these beds during a brief aerial tour of the
outer coast in January, 1976. Of particular interest during this flight
was the apparent presence of a huge kelp bed in a bay at the south end of
the Estevan Group, bounded by Dewdney Island to the west, Lotbiniére Island
to the north, and Hickey Island to the east (Figure 4). Large beds found
in protected or semi-protected waters are especially valuable to prospective
commercial harvesters because of their ease of exploitation when other
areas are made inaccessible by inclement weather conditions.

The Estevan Sound area is fairly remote, having no permanent pop-
lation or land-based facilities, nor is it on any major shipping routes,
though coastal freighters pass by occasionally. It lies between two
route proposals for passage of o0il supertankers to and from Kitimat.

The nearest population centers are Prince Rupert, (140 kilometers north-
west) and Kitimat (110 kilometers northeast), where road access and wharfage

facilities are available.
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Figure 1: Composite map of the Estevan Group and Campania Island coastlines, showing photo-

graphic lines and layout of statistical blocks on inventory charts A to L.

The inset at
upper right locates the study area on the northern British Columbia coast.




Figure 2: Marine Resources Branch vessels used in obtaining field samples:
"Noctiluca": our home and base (left), and "Cymathere": our all-weather
sampling runabout.

Figure 3: Crew member measuring weight of Nereocystis stipe tip.



Methods:

The technique used was the Kelp Inventory Method (KIM-1) established
by Foreman (1974), and incorporating the modifications suggested by Coon
et al, (1976), with one variant. It was felt that three separate bed
density designations (low, medium and high) for each of three species
classifications (Macrocystis, Nereocystis, and mixed) would greatly complicate
visual interpretation of inventory charts for this area, and as a result,
the medium density designation was not employed. It is suggested this
category may only be practical for very extensive beds exhibiting large
areas of uniform density.

Infrared black and white aerial photographs of the coastline and kelp
beds were taken on September 19, 1976 by Pacific Survey Co., when KIM-1
flight parameters (Foreman, 1974) were virtually ideal. However, tide
height at time of photography was one meter below mean water level (MWL) ,
making conversion of biomass per plant at -Im. to MWL necessary. These
photographs were subsequently used for determination of bed densities and
for charting and measuring bed areas.

The kelp beds were sampled from Branch vessels (Figure 2) on September
19 and 20 at eight randomly-selected stations (four each for Nereocystis
and Macrocystis). Approximately 25 plants or fronds were collected at
each, for a total of more than 100 of each species, and were cut and weighed
(Figure 3) as described in KIM-1. The resulting data were later used to cal-
culate mean biomass per plant at MWL and to determine the vertical dis-

tribution of kelp biomass.



Figure 4: Aerial view of a portion of a large Nereocystis bed in a large

island-bounded bay at the south end of the Estevan Group, January, 1976

Figure 5: Close-up of a tangled clump of Nereocystis plants.



Results:

Figure 1 presents an outline of the shorelines of the Estevan Group
and west coast of Campania Island. It illustrates flight lines, positions
of biomass sampling stations, and the layout of statistical blocks. Also
shown are the boundaries of Ecological Rserve No. 25. It should be noted
that kelp resources falling within the geographical boundaries of this
reserve are not alienated from commercial harvest (J. Pojar, pers. comm.).

Table 1 presents a summary of field-collected data, indicating cu-
mulative number and weight (in kgs.) of sampled Nereocystis and Macrocystis
available at one meter increments above and below MWL, and mean biomass
per plant or frond at each depth. In general, mean biomass per plant in-
creases with depth of water. Also given in Table 1 are values of mean
biomass per plant or frond for mixed beds, based on an assumed surface
density of 427% Nereocystis and 58% Macrocystis, (Foreman, 1974). The
actual surface density ratio for this area was not determined due to
limited time availability in the field and in consideration of the low
incidence of mixed beds in the area.

Table 2 summarizes mean biomass per plant or frond values for each
species type. Note that the adjusted values, calculated to compensate
for the low water level (1 meter below MWL) at time of photography (see
Methods) do not correspond to the actual MWL values. The adjusted values
were derived by dividing mean biomass per plant at the water level at time
of photography (Table 1) by the combined biomass and density factor at
that level (Table 8). These adjusted means were used in conjunction with
density estimates and bed area determinations to calculate the biomass of
each species available in each block, and were applied to beds at both

Campania Island and the Estevan Group.



Table 1: Summary of field-determined biomass data

Cutting Nereocystis Macrocystis Mixed
Depth
(m) Cum B Cum N XB/plant Cum B Cum N  xB/frond * XB/plant or frond
+6 = = = 1.66 3 0.552 0.320
+5 6.80 il 6.795 2.38 5 0.475 34129
+4 1¥..01 5.503 F21 10 0.321 2.497
+3 31..56 8 3.945 4.59 12 0.382 1.878
+2 88.96 20 4.448 7:93 28 0.283 2.032
+1 188.32 50 3.766 16..51 47 0.351 1.785
MWL 295.45 81 3.647 27.79 61 0.456 1.796
-1 387.17 97 3991 41.47 79 0.525 1.981
~2 431.33 100 4.313 56.63 99 0.572 2.143
-3 451.73 101 4.473 69.51 109 0.638 2.249
=4 463.58 101 4.590 75.67 113 0.670 2.316
=5 471.08 101 4.664 78.16 113 0.692 2.360
-6 475.96 102 4.666 = = = =

* Based on 42% Nereocystis and 587 Macrocystis
Cum N = cumulative number of plants or fronds
Cum B = cumulative biomass, in kilograms

%B/plant (frond) = mean biomass per plant or frond

Table 2: Mean biomass per plant or frond (kg.) at MWL

Species # Stns. = adjusted x
Nereocystis 4 3.647 3.047
Macrocystis 4 0.456 0.352
Mixed* = 1.796 1.436

* Based on 427 Nereocystis and 58% Macrocystis



Bed area (in hectares) and kelp biomass (in metric tonnes) estimates
for Campania Island and for the Estevan Group are presented in Tables 3
and 4, respectively. Within each statistical block, estimates are given
for both low and high density beds for each of three bed types: pure
Nereocystis, pure Macrocystis, and mixed. Block totals, grand totals, and
totals of each species and density type for the two geographically-distinct
regions are also given. Each statistical block is one kilometer wide.

Chart A (Appendix) illustrates the precise location of kelp resources
off Campania Island. Beds are delimited by species and by density; dense
areas are further high-lighted with LetratoneTM. Charts B, C, D, and E
(Appendix) present the southeast, south and west coasts of the Estevan
Group in the same manner. (Refer to Figure 1 for orientation). These
charts provide a visual representation of the beds at a tide level approx-—
imately one meter below mean water level. Because of the vertical habit
of kelp plants and to the fact that few young plants were observed during
sampling, one can probably assume little apparent increase in bed size
occurs at the lower level. On all charts, effort has been made to indicate
all rocks and reefs which might prove to be obstacles to potential harversters,
but it should be emphasized the majority of the standing stock biomass here
is easily accessible, and much of it lies in relatively sheltered waters.
It should also be noted the major commercially available kelp resources in
the region were located off the west coast of Campania Island south of
Cartwright Rocks, (12,112 tonnes) and in the eastern portion of the large
embayment south of Lotbinfﬁre Island (Figure 4) (8,423 tonnes). These two
locales alone account for 437% of the kelp biomass (at MWL) and 43% of the
bed area in this study area.

Table 5 summarizes the more detailed information of Tables 3 and 4,
giving bed area and biomass totals for each bed type in each geographic
region. Regional, grand, and species totals appear at the bottom of the
table. Tables 6 and 7 indicate percentage make-up, by bed type, of the biomass
(Table 6) and area (Table 7) totals in each of the regions and of the combined

totals.
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Table 5: Summary of biomass estimates, at MWL, for the south west coast
of Campania Island and the south and western coasts of the
Estevan Group, in September, 1976.

Geographical area Blocks Biomass (tonnes) Area (hectares)

Low Density Nereocystis

Campania Island 1-17 3,022 190

Estevan Group 18-82 7,060 379
High Density Nereocystis

Campania Island 1-17 11,180 255

Estevan Group 18-82 26,038 535
Low Density Macrocystis

Campania Tsland 1-17 27 13

Estevan Group 18-82 75 35
High Density Macrocystis

Campania Island 1=17 ¥ 1

Estevan Group 18-82 111 24
Low Density Mixed Beds

Campania Island 1-17 86 10

Estevan Group 18-82 184 23
High Density Mixed Beds

Campania Island 1-17 nil nil

Estevan Group 18-82 145 6

Totals

Campania Island 1-17 14,321 469

Estevan Group 18-82 33,613 1,002

Grand Totals 1-82 47,934 1,471

Totals by Species
Nereozystis 1-82 47,300 1,359
Macrocystis 1-82 219 73

Mixed 1-82 415 39



~j3=

Of 47,934 tonnes of kelp found in 1,471 hectares of bed surface area
at MWL, 47,300 tonnes, or 98.67% was pure Nereocystis; 219 tonnes (0.46%)
of pure Macrocystis and 415 tonnes (0.86%) of mixed beds made up the the
balance. Note, however, in terms of surface area Macrocystis beds made
up a considerably larger proportion (4.99%), and mixed beds showed a larger
area-based make-up as well (2.67%). These discrepancies result from a much
smaller mean biomass per frond value determined for Macrocystis (0.352 kg/frond
vs. 3.047 kg/plant for Nereocystis - Tables 1 and 2). The Estevan Group
contained a somewhat larger proportion of Macrocysiis than Campania Island.
Most of this was found in the most protected waters: 1in channels between
islands and at the heads of bays (Chart C).

Perhaps the most significant result of the present inventory was the
discovery of extensive standing stocks of pure Nereocystis. Over 50% of
all bed area and better than 75% (Tables 6 and 7) of biomass at both the
Estevan Group and Campania Island was found as dense beds, where biomass
averaged 47.1 tonnes per hectare (range 36.3 to 72.7 tonnes/ha).

Table 8 presents the combined biomass and density factors which are
calculated from cumulative biomass wvalues obtained from field samples
(Table 1). These may be used, in conjuction with any given biomass at MWL,
to determine the amount of kelp which would, on the average, be available
at depth increments of one meter above and below MWL. They may be applied
to individual blocks, species and densities, or to the area as a whole, as
has been done in Table 9. From this table it can be seen, for example, that
a harvester cutting at 3 meters below MWL could potentially gather an estimated
72,369 tonnes of Nereocystis, 548 tonnes of Macrocystis and 793 tonnes of
mixed Nereocystis and Macrocystis. The total standing crop of kelp is es-
timated to be 77,615 tonnes (Table 9).

All estimates using the Kelp Inventory Method are considered conservative,
rather than optimistic. 1In addition to the reasons for this given by Foreman
(1974), there are two other factors which may contribute to these low es-
timates. Many of the Nereocystis plants were observed at the time of photo-
graphy to have become entangled, forming clumps of up to a hundred or more
individuals (Figure 5). This would effectively reduce the number of "hits"

per grid count during the random density-determination procedure. In addition,



Table 6: Composition (in %) of Biomass totals.
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Campania Island

Bed type Estevan Group Combined
dereocystis - low density 21.10 21.00 21.03
- high density 78.07 77.46 77.64
Macrocystis - low density 0.19 0.22 0.21
- high density 0.05 0.33 0.25
Mixed beds - low demnsity 0.60 0.55 0.56
high density 0 0.43 0.30
Table 7: Composition (in %) of Area totals.
Bed type Campania Island Estevan Group Combined
Nereocystis - low density 40.51 37.82 38.69
- high density 54.37 53.39 53.67
Macrocystis - low density 2.77 3.49 3.28
- high density 0.21 2.40 Lt L
Mixed beds - low density 2wl 3 2.30 2.26
high density 0 0.60 0.41
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Table 8: Combined biomass and density factors for various cutting levels,

Cutting Nereocystis Macrocystis Mixed

level

(m) n=103 n=113 *
+6 - 0.06 0.00
+5 0.02 0.09 0.08
+4 0.04 0.12 0.13
+3 0.11 0.16 0.16
+2 0.30 0.29 0.40
+1 0.64 0.59 0.69
MWL 100 1.00 1.00
| 1.31 1.49 1.38
—2 1.46 2.04 1.71
-3 1.53 2.50 1.91
=4 1.57 2:72 2.01
=5 1.59 2.81 2.04
-6 1.61 - -

*Based on 42% Nereocystis and 587 Macrocystis
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Table 9: Total harvestable kelp biomass at selected depth levels
for Campania Island and Estevan Group, in September, 1976

Depth Cumulative Biomass (tonnes)
Level

(m) Nereocystis Macrocystis Mixed Total
+6 £ 13 2 15
+5 946 20 33 999
+4 1,892 26 54 1,972
3 5,203 35 66 5,304
+2 14,190 64 166 14,420
+1 30,272 129 286 30,687
MWL 47,300 219 415 47,934
-1 61,963 326 573 62,862
=2 69,058 447 710 70,215
-3 72,369 548 793 73,710
-4 74,261 596 834 75,691
-5 75,207 615 847 76,669

=6 76,153 - - 77,615
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and especially because of this clumping, an undetermined amount of lamina
loss occurred during field sampling, while attempting to untangle such
clumps.

No evidence of an "uncharted reef'" with some 10,500 tons (9,520 tonnes)
of Nereocystis reported by the B.C. Research Council (1948) was ever found
in the waters of Estevan Sound, and particularly not in the position in-
dicated on their resource map. The only reefs of any size in the vicinity
are Cartwright and Logan Rocks, located about six kilometers southeast, and
these do not appear to be of a size capable of supporting 9,520 tonnes of
Nereocystis; the present inventory estimates less than 1,500 tonnes. The
same report located 1,056 tons (958 tonnes) along the west side of Campania
Island; the 1976 estimate is 14,321 tonnes (this does not include the northern
half of the Island), or nearly fifteen times as much. The beds are large
and dense in contrast to the fringe beds noted in 1947. Although the 1947
survey techniques were fairly crude and relied heavily on subjective ob-
servation, a discrepancy of this magnitude cannot reasonably be attributed
solely to their methodology. Either the beds have enlarged considerably

since then, or the older survey somehow missed seeing them.
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§Emmarz:

1) Using Foreman's KIM-1 technique 47,300 tonnes (at MWL) of Nereocystis
luetkeana, 219 tonnes of Macrocystis integrifolia, and 415 tonnes in mixed
kelp beds were located in 82 kilometer-wide statistical blocks along the
coasts of Campania Island and the Estevan Group. One large bed of an es-
timated 8,423 tonnes was found in a large semi-protected bay at the south
end of the Estevan Group, and another of 12,112 tonnes along the lower west
coast of Campania Island.

2) Various tables are presented to provide block by block and regional
estimates of biomass and kelp bed area for each species and density type,
the vertical distribution of kelp biomass and conversion factors for es-
timating biomass at tide levels other than MWL.

3) Five charts are included which detail the position, size, density
and species of kelp found in the inventory area.

4) A comparison between kelp stock estimates of 1947 and 1976 for the
west side of Campania Island showed discrepancies and anomalies which could
not be totally attributed to differences in technique, assuming equal coverage
of the areas inventoried. Either the size of the beds had changed considerably
(some reduced in size, others enlarged), or the earlier inventory missed seeing

significant beds.
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