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Abstract:
Kelp beds are known to be important and significant near shore marine habitats that are
used preferentially by juvenile salmonids and forage fish (Shaffer, 2003). Research has
also shown that floating kelp has been impacted by a variety of anthropogenic factors
(Berry et. al., 2005). In Cowichan Bay and Sansum Narrows anecdotal evidence suggested
that kelp had been declining. A project was initiated to test the ability to re-establish
Nereocystis and to monitor juvenile salmonid and other fish utilization of kelp and eelgrass
beds in Cowichan Bay and Sansum Narrows through snorkel surveys. Nereocystis was
successfully propagated in three of the four trial sites. Juvenile salmonids were only seen
on transects located in the kelp beds. Pelagic fish, such as herring and sandlance were only
seen in the eelgrass sites. Kelp transects within Cowichan Bay had higher species richness
than eelgrass sites while species richness was similar between kelp and eelgrass in Sansum
Narrows. Further study is warranted on the importance of kelp beds to juvenile salmonids
in the Strait of Georgia in the first few months of ocean entry. A quantification of losses of
kelp bed density within the Strait of Georgia could provide some important information on
linkages and stressors contributing to the declines of Cowichan Chinook populations.
Introduction:
For millennia the Cowichan River has been the home of the Quw’utsun people who, prior to
European contact, had a sustainable and complex system of resource tenure, including many
salmon harvesting weirs on the Cowichan River (Suttles, 1987; Harris, 2001). In 2003 the
Cowichan River was designated a Canadian Heritage River. The river also has International
importance as the producer of Chinook (Oncorhynchus tshawytscha) stocks in the Strait of
Georgia used as the primary indicator stream for the Pacific Salmon Treaty. These stocks are
also used as indices for the health of Chinook coast-wide. Continued declines of Chinook on the
coast and in the Cowichan River, despite hatchery production, have focused interest on
understanding limiting factors to survival. Beamish et al (2011) have been examining inshore
marine survival of juvenile Chinook in the Strait of Georgia over the past decade. They suggest
that success of specific stocks may be dependent on specific rearing areas within the Strait of
Georgia and specific stocks may be genetically ‘programmed’ to utilize different areas at
different times of the year. In particular, brood year strength and adult return is dependent on the
first four months of ocean existence (Cowichan Estuary Conference Proceedings, 2010; Beamish
et al, 2011). Cowichan Chinook stocks were found to utilize the Cowichan Bay and immediate
area for an extended period (Beamish et al, 2011). The utilization of kelp habitat by juvenile
salmonids has been shown to be important (Shaffer, 2003). Research has also shown that floating
kelp has been impacted by a variety of anthropogenic factors (Berry et. al., 2005) and Cowichan
Elders and others (Arvid Charlie (Luschiim), pers. com., P. Rickard, pers. comm.) have
documented a significant decrease in kelp abundance throughout the inshore marine environment
around Cowichan Bay. This project was initiated to continue to document the richness and
diversity of the Cowichan system and specifically answer the following questions:
a) Do juvenile salmonids utilize kelp beds in Cowichan Bay and Sansum Narrows?
b) Can kelp be grown successfully in Cowichan Bay and Sansum Narrows to enhance kelp
habitat for juvenile salmonids and other forage fish?
c) Do juvenile salmonids and forage fish utilize enhanced kelp bed areas?
During the initial mapping stages of the project it was determined that kelp existed (although
limited to narrow bands rather than deep beds) in all of the suitable transplant locations. This
made answering question c) regarding the utilization of enhanced kelp bed areas not possible
given the potential influence of nearby kelp. The project was then amended to compare fish
utilization of existing kelp beds with eelgrass beds.

Methodology:
This project employed a number of research techniques in a phased manner. Initially existing
Nereocystis kelp beds along the shoreline of Cowichan Bay and in Sansum Narrows were
documented and mapped (Figure 1). Dive surveys were conducted along the shoreline to locate
areas where there wasn’t any kelp and suitable substrate existed to out-plant kelp. Divers mapped
the bottom using a standard transect survey methodology where they swam from deep to shallow
recording dominant substrate types and dominant algae on a dive slate as the diver moved up the
transect from 60ft to 0ft deep. Sites with suitable substrate, a depth of 5 meters to 15 meters and
having a relatively consistent slope for a horizontal distance of 25m were located. Two sites
within Cowichan Bay and two sites in Sansum Narrows were chosen as out-plant sites for kelp
growth trials.
Kelp spores were collected in late October and sent to the lab for propagation. Spores were
propagated and placed on strings for out-planting at Canadian Kelp Resources (L. Dreuhl). The
strings were wound on 2 inch PVC pipe and then kept wet with sea water in a large 5 gallon
bucket while in transport from the west side of Vancouver Island (Bamfield, BC) to the east side
(Duncan, BC). The bucket with the strings was hung from a dock in Sansum Narrows over-night.
Strings were then attached to 25 meters of rope by feeding the rope through the PVC pipe and
sliding the PVC pipe down the rope (Figure 2, 3 and 4). The rope and strings were then anchored
by dive in the chosen trial sites. Each site had at least 2 replicates.
Strings were out-planted April 19, 2012. Strings were then retrieved on January 11, 2013 and
holdfasts counted.
Snorkel Survey Site Selection and Data Analysis:
Fish identification training was provided during one field day May 10th, 2011 to all potential
snorkelers. An experienced trainer (Dana Haggarty) was hired who provided the snorkel team
with a guide book and discussed key identifying features of all the fish, including young of the
year, that may be encountered in the area while snorkelling. The snorkel team completed the
training day by conducting snorkels to ensure fish identification was correct and to practice
snorkel methodology. Subsequent snorkel practice days were completed on May 26th, 2011 and
May 30th, 2011.
Three paired transects were located within Cowichan Bay, the north side having the kelp transects
and the south side having the eelgrass transects. The transects were roughly located immediately
adjacent to each other across Cowichan Bay, with relatively equal distances from the head of the
estuary and mouth of the Cowichan/Koksilah Rivers. Two paired transects were located in
Sansum Narrows on either side of the Narrows parallel to each other. The kelp transects were
located on the west or Vancouver Island side and the eelgrass transects on east or the Saltspring
Island side. Paired transect snorkel surveys were conducted in the spring of 2011 and the spring
of 2012 to document salmonid and other fish utilization of kelp and eelgrass beds within
Cowichan Bay and in Sansum Narrows (Figure 1). Fifty meter paired transects were established
parallel to the shore in 3-5 m of water. Snorkels were conducted on a rising tide where possible to
improve visibility with a visibility of 3 meters of depth. Vertical visibility was confirmed with a
secci disk and horizontally with a lure and a tape measure by the snorkeler when they entered the
water. The boat operator would hold the lure and the snorkeler would hold the other end of the
tape measure and swim back away from the boat until they could no longer identify the lure under
water. Snorkels were only conducted when visibility (i.e. secci depth) was greater than three
meters. Water clarity (secci depth of greater than 3 meters) was not suitable for snorkel surveys
until early April in Cowichan Bay. Snorkel surveys were conducted by either one or the other of
the two-member trained snorkel team. A start and end point was established with a GPS unit and
the boat operator would monitor the snorkeler and blow the horn when they reached the end

point. The transect was considered a volume of water shaped like a ½ cylinder. The snorkeler
would record all observations by sweeping their eyes from the surface of the water on the right to
the surface of the water on the left. The horizontal visibility measurement represented the radius
of the ½ circle.

Figure 2: Kelp Strings in Bucket

Figure 3: Kelp strings on rope

Figure 4: Putting kelp strings on rope

Three paired transects were located within Cowichan Bay, the north side having the kelp transects
and the south side having the eelgrass transects. The transects were roughly located immediately
adjacent to each other across Cowichan Bay, with relatively equal distances from the head of the
estuary and mouth of the Cowichan/Koksilah Rivers. Two paired transects were located in
Sansum Narrows on either side of the Narrows parallel to each other. The kelp transects were
located on the west or Vancouver Island side and the eelgrass transects on east or the Saltspring
Island side. Paired transect snorkel surveys were conducted in the spring of 2011 and the spring
of 2012 to document salmonid and other fish utilization of kelp and eelgrass beds within
Cowichan Bay and in Sansum Narrows (Figure 1). Fifty meter paired transects were established
parallel to the shore in 3-5 m of water. Snorkels were conducted on a rising tide where possible to
improve visibility with a visibility of 3 meters of depth. Vertical visibility was confirmed with a
secci disk and horizontally with a lure and a tape measure by the snorkeler when they entered the
water. The boat operator would hold the lure and the snorkeler would hold the other end of the
tape measure and swim back away from the boat until they could no longer identify the lure under
water. Snorkels were only conducted when visibility (i.e. secci depth) was greater than three
meters. Water clarity (secci depth of greater than 3 meters) was not suitable for snorkel surveys
until early April in Cowichan Bay. Snorkel surveys were conducted by either one or the other of
the two-member trained snorkel team. A start and end point was established with a GPS unit and
the boat operator would monitor the snorkeler and blow the horn when they reached the end
point. The transect was considered a volume of water shaped like a ½ cylinder. The snorkeler
would record all observations by sweeping their eyes from the surface of the water on the right to
the surface of the water on the left. The horizontal visibility measurement represented the radius
of the ½ circle.
Snorkel data was recorded initially on water-proof data sheets listing the names of all potential
species that could be encountered in rows. Data sheets were carried by the snorkeler on a slate as
they swam the transect line. Snorkelers marked down, in roman numerals, each observation of a
fish in the appropriate species row. Numbers were totalled at the end of each snorkel and entered
into an excel spreadsheet. Fish observations by species were converted to densities of fish per
100m2 of transect using the following calculation. The density observed is the density of fish
within a half cylinder (the snorkel transect) where the 50m is the length of the transect and the
horizontal visibility measured at the start of each transect is the r or radius in the π*r2 formula. Pi
was set at 3.141593.

NumberofFishObserved
(50 m × Π × visibility 2 ) 2 × 100
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Density data were tested for normality using a Shapiro-Wilks test and then analysed using a nonparametric paired T-test called Wilcoxon sign-right test with R-Stat (Crawley, 2007).
Kelp trials are to be removed from the grow-out sites and no further monitoring will be required.

Results
Kelp Trials - The initial kelp mapping by boat identified the majority of the coast-line of
Cowichan Bay and Sansum Narrows with some kelp (see Figure 1). This result was unexpected
as the anecdotally reported trend in Cowichan Bay and Sansum Narrows had been a steady
decrease in kelp. However, although the shoreline had many areas of kelp, the depth (width from
shoreline out) of the kelp beds was narrow. We did not have an initial survey from subsequent
years to show areas where kelp had once been abundant with deep beds and now were low
(shallow) or absent. Locating areas where there was not any kelp to conduct our kelp trials was
difficult. The majority of the few areas without kelp had either unsuitable substrate (sand) or
were very steep with no shelf at a suitable depth to grow kelp. However, four suitable areas were
located for trials. These areas were on the fringe of existing kelp beds. Each of these areas had
either, large cobble and bedrock or a mixture of bedrock and shell/sand. At most of these sites
Nereocystis was present although not abundant at the upper, near shore area or within the area the
kelp string was anchored. Table 1 shows the trial location, dominant substrate and resulting
holdfasts documented. Trial locations can also be seen on Figure 1. In all kelp trial locations, with
the exception of the south anode where the strings were not recovered, the strings produced viable
kelp plants as evidenced by holdfasts, some with stipes, attached to the string (Figure 5). Growth
of the kelp was not monitored.

Figure 5: Holdfasts and stipes on kelp trial strings when recovered.

Table 1:Outplant sites
Kelp Trial Location

Dominant
Substrate/ Algae

Strings
Out

# Holdfasts and Stipes

Skinner Point West

Rocky sand/Ulva

2

1 stipe +holdfast +
bulb (about 5 ft long
and smaller than
baseball)

2 holdfasts

Anton Bay

Sand/bedrock

2

8 holdfasts

Not located

Separation Point

Broken
Bedrock/Alaria

2

36 Holdfasts, 4 Stipes
(largest 6ft long)

3 holdfasts

South Anode

Broken
Bedrock/Alaria

2

Not located

Not located

Line 1

Line 2

Snorkel Surveys - The results of the paired snorkel surveys showed a significant difference
between fish densities for Chinook (P=0.014), surf perches (P=0.006) and other fish observed
(0.021) in the kelp and in the eelgrass transects. There was no significant difference between the
kelp and eelgrass transects for coho, likely due to the low numbers of coho observed, although no
coho were recorded in the eelgrass transects.
Table 2: Comparisons of Fish Densities in Kelp and in Eelgrass Transects by Species

Table 3 provides the list of all of the species observed in each snorkel transect and examines
species richness in each. Salmonids were only observed in the snorkels on the kelp side and
pelagics (herring and sandlance) were only observed on the eelgrass side. Surf Perches and
rockfish/lingcod were observed in both the kelp and eelgrass sides. Fish species richness was
also examined by adding up the number of different species observed at each transect. Within
Cowichan Bay, kelp transects had higher species richness. Kelp and the eelgrass transects within
Sansum Narrows had similar species richness.

Table 3: All Species Observed During Snorkel Surveys and Species Richness of each
Snorkel Site

Discussion
Chinook salmon in Southern BC have been experiencing a downward trend in abundance that has
been documented since at least 1995 (Beamish et al). This has lead to a number of initiatives and
studies to understand key limiting factors or stressors causing this decline. Marine habitats, such
as nearhore refuge, food and temperatures have been shown to be key limiting factors (Beamish
et al, 1995). Similar to other studies (Shaffer, 2000) the results of this study show that kelp beds
play a key role in juvenile salmonid life cycles. For Cowichan Chinook that spend the majority
of their lives within the Strait of Georgia (Beamish et al, 2011), kelp may play a critical role.
Declines in kelp bed densities within the lower Strait have not been well documented although
anecdotal evidence suggests that this decline has been drastic. Salmonids were only found on the
kelp shoreline despite the kelp beds that were mapped in this study being only narrow bands
along the shoreline. This may be due to a number of factors that lead to only seeing salmonids in
the kelp transects (including timing of snorkels, rising tide, location of transects, ability of
snorkelers to see salmonids before they dart off or preference for kelp). However, regular beach
seines by DFO staff for the past few years also indicate a strong preference for the kelp side, with
the exception of Kil-pah-las Beach located further in the estuary from the Deaf Rock transect on
the eelgrass side, for juvenile salmonids (R. Sweeting pers. comm.). Freshly emerged Chinook
smolts have also been regularly observed by the authors in tightknit schools, near the surface in
the waters immediately next to the shoreline, associated with the kelp beds.
Seasonal variation in kelp bed structure and function has also not been documented in Cowichan
Bay and Sansum Narrows. Surveying kelp bed densities throughout the year will help answer the
questions about changes to the densities of kelp beds. Nereocystis is an annual kelp species that
may also have a variable growth rate between years that may be impacted by many factors.
Understanding the differences and timing of growth of the understory kelp species within and
between Nereocystis beds may also provide other information on food web relationships,
contribution to detritus and the grazing community and therefore species richness and diversity of
fish observed. Shaffer and Parks (1994) documented seasonal variation in Nereocystis beds
within Puget Sound. During our study, fish species richness was higher on the kelp side
compared to the eelgrass side.
A number of factors may be limiting kelp growth in Cowichan Bay, Sansum Narrows and the
surrounding waters in the Gulf Islands. Water temperature, clarity of the water (or secci depth)

and salinity levels all play key roles in Nereocystis growth. Impacts from upland development,
nitrification of the waters including past sewage treatment in Cowichan Bay, treated effluent
discharges into the Cowichan River and agricultural run-off all may be factors that contribute to
impacts to kelp growth. However, turbidity in the Cowichan River has recently been reduced due
to a large remediation project at Stoltz Bluff that drastically reduced clay sediment transport and
may have increased water clarity at key kelp growth times in Cowichan Bay. Holdfast
development requires a clean hard surface and fine sediment could impede this process (L.
Druehl pers. comm.) Recent water quality monitoring in the Cowichan and Koksilah drainages
highlighted high levels of fecal coliform in the Koksilah River and small drainages directly
discharging to Cowichan Bay, indicating issues with agricultural run off and potential cross
connections within the Cowichan Bay sewer system. Despite potential impacts all of our kelp
growth trials with the exception of the South Anode site (which was not recovered) grew kelp on
the out-planted strings. This suggests that it may be possible to re-establish denser kelp beds.
Further study and experimentation is warranted.
Temperature in the Strait of Georgia has also been rising. Johannessen and McCarter (2010) have
documented a 1°C change in temperature. In addition, understanding whether or not acidification
of the Strait of Georgia has been occurring could also be important.
The abundance of red urchin, a kelp grazing species, in the study area may also be a limiting
factor for kelp growth. Urchins were documented at South Anode site during our dive surveys.
Understanding the abundance of urchins and abalone (another kelp grazer) would also be
beneficial in mapping limiting factors to kelp growth in the Cowichan Bay and Sansum Narrows.
Conclusion
The results of this study indicate that kelp beds in Cowichan Bay and Sansum Narrows are
important to juvenile salmonids and that kelp can be artificially propagated and then grown in situ
as a potential restoration activity. In order to quantify the relative importance and their impact on
juvenile salmonid further clarification is needed on the long-term changes in kelp bed densities
within Cowichan Bay, Sansum Narrows and the lower Strait of Georgia. It would also be
important to understand seasonal changes in abundance of Nereocystis and understory kelps and
the limiting factors to kelp growth as well as any seasonal variations in utilization of kelp and
eelgrass beds within Cowichan Bay and Sansum Narrows. Continued snorkel surveys and
repeated mapping of kelp beds is recommended.
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