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 Executive Summary 
 
This 2011-2012 Final Report is a summary of the third year of eelgrass (Zostera marina) 
restoration efforts in Squamish and the Sunshine Coast funded by the Pacific Salmon 
Commission. This restoration is fulfilling the second category of activities for the Southern 
Boundary Restoration and Enhancement Fund: the rehabilitation and restoration of marine and 
freshwater habitat, and the improvement of habitat to enhance productivity and protection of 
Pacific salmon. 
 
The objective of this restoration is to recover lost salmon habitat due to impacts from historical 
log storage sites in Howe Sound and the Sunshine Coast. Over the last five years, the project 
proponents have discovered several limiting factors within the restoration sites that have 
initiated a number of adaptive management strategies to ensure greater success with eelgrass 
shoot densities and area coverage. These strategies are described in this summary.  
 
In February and June of 2012, a total of 3,690 eelgrass shoots covering over 450 m² were 
transplanted in six sites; three in the Squamish estuary, one in Half Moon Bay and two in the 
Sechelt Inlet.  In addition to the transplants completed and monitored, a mapping expedition 
took place in the summer of 2011 in Howe Sound to find additional restoration sites. Three 
more sites were identified. A grant from the Shell Foundation helped to fund this inventory as 
well as cover the extra expenses for the transplants.  
 
As of June, 2012, all of the eelgrass test plots have survived. Most are showing signs of growth 
and are spreading.  
 
The results of this initiative demonstrate that eelgrass transplanting in former log storage areas 
is successful, if slow. The damage caused by changes from consolidated to unconsolidated 
sediment, the accumulation of woody debris and physical alteration and disruption of intertidal 
and subtidal fish habitat from grounding logs dictates that each site will have different rates of 
re-colonization and recovery. However, over-all, with the exception of the eelgrass plots in 
McKenzie Bight and in a channel in the Nanaimo River estuary, all the eelgrass habitat planted 
since 2005 is viable and growing.  
 
One must consider many site specific factors to 
achieve success. A series of recommendations 
and conclusions are provided at the end of this 
report to assist with eelgrass restoration and 
compensation planning. 
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I.  Introduction  
 
Marine, estuarine and freshwater habitats in BC support diverse and productive biological 
communities, including fish stocks with high commercial, recreational and ecological value. 
Many physical, chemical, geophysical and human-related factors interact to influence 
productivity and species composition. These include currents, tides, nutrient cycling, geology, 
topography, habitat disturbance and harvesting rates. Log handling operations are often 
situated next to or in these aquatic habitats, and have the potential to create negative impacts. 
(Fisheries & Oceans Canada, 2003) 
 
Eelgrass (Zostera marina) meadows are particularly critical communities in shallow intertidal 
and subtidal areas, providing ideal rearing habitat for juvenile salmon and rearing or spawning 
habitat for approximately 60 other species of fish, notably Pacific herring. A diverse community 
of microscopic algae and small seaweeds living on the eelgrass often contributes at least as 
much productivity as the eelgrass. Eelgrass provides a major source of detritus, nutrients and 

habitat for many animals and a direct food 
source for waterfowl. Small, sediment-  

dwelling invertebrates are much more 
abundant in eelgrass meadows than in 
adjacent un-vegetated mudflats. Among this 
group are harpacticoid copepods, the most 
important prey of juvenile chum salmon 
while they reside in the estuary. (FOC, 2003) 
                                                                    
Eelgrass restoration in Squamish and the 
Sunshine Coast is supported by funds from 

the Pacific Salmon Commission, Shell 
Environmental Fund and the Squamish River 

Watershed Society (Edith Tobe, SRWS). In partnership with Precision Identification, SRWS, 
Dianne Sanford Seagrass Conservation Working Group (SCWG) Project Coordinator, and a WCB 
certified Dive Team, SeaChange has coordinated the transplanting of over 3600 eelgrass shoots 
over the third year of this project. In some areas, the rhizomes of some shoots were black, 
possibly showing the effects of extensive amounts of sulphides in the sediment, a carry-over 
from woody debris left behind from log storage causing low oxygen levels in the substrate. In 
one area in Half Moon Bay, it was evident that the eelgrass planted in 2010 was doing very well 
as evidenced by the spread and length of the shoots; however, when slightly disturbed, the 
shoots tended to become uprooted easily. In other instances, eelgrass shoots were growing but 
not filling into a meadow structure. For these reasons, we decided to implement adaptive 
management strategies, which are described below. 
 

 
 
 

Sediment in Squamish Central Estuary (Training   
Dike) before transplant 
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II. Adaptive Strategy Methods 
 
A. Planting in Higher Densities with Rebar 

Log rafts in log storage areas can introduce 
soluble organic compounds into the water. 
These leacheates increase benthos oxygen 
uptake, decrease dissolved oxygen, lower pH 
and increase toxic sulfide compounds 
(Ascaphus Consulting, 2003).  Cynthia Durance 
(Consultant, Precision Identification and our 
scientific advisor) has observed over years of 
monitoring eelgrass transplants that the iron 
eroding from the ungalvinized steel washers 
used to anchor eelgrass shoots into the 
sediment  creates  favorable conditions for the 
eelgrass growth (pers. comm.).  Field    

observations confirm that the rust from the steel 
anchors (Fe) chelates with sulphides (SO4) in the 
sediment. Oxygen is released that was bound to the 

sulphur in the sediment. It was surmised that available iron near the roots of the eelgrass 
rhizome would encourage growth.  In June, 2012, we placed 6” rebar pieces between .5 metres 
(denser than the standard 1 m spacing) in several of the sites: Stawamus in the Squamish 
estuary (52), Half Moon Bay (62) and McLean Bay in the Sechelt Inlet (30). 
 
The rebar connects one cluster to the next.  By using steel washers for the shoots and rebar for 
connecting the clusters within marked sites, we might be able to distinguish between planted 
cluster locations and ‘sediment remediation’ sites as we monitor over time.  
 

Rebar is placed between clusters of 10 
eelgrass shoots to promote root growth 

Rust sloughing off the ungalvinized steel 
washer used to anchor each shoot 
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B. Cocoa Mat Fibre 
 
Log handling and storage sites also change the physical composition of the substrate;, in some 
instances increasing the amount of sediment in an area (Ascaphus Consulting, 2003). 
Transplanted shoots in Half Moon Bay were observed to be unstable and easily disturbed, 
though growing in the site. Cynthia Durance recalled that when cocoa mats were used to store 
eelgrass plants removed from a site for a period of weeks in Puget Sound, it was found that the 
eelgrass roots became embedded into the fabric. They were successfully transplanted into the 
subtidal site and have expanded into the meadow they resembled before the disruption of the 
habitat.  
 
We purchased the mats and planted eelgrass shoots attached to metal washers onto the cocoa 
mates in Half Moon Bay and Cattermole Slough. Both sites had similar unconsolidated 
sediment.  Sketch maps (Appendix A) were made after each transplant to designate the pattern 
of rebar placements and cocoa mats. Burlap material was also used in sites in Stawamus (200 
shoots) to compare the efficacy of the two planting fabrics.  It is hoped that with these adaptive 
management techniques, we will be able to find ways to encourage the new transplants to 
spread more rapidly, making meadows of previous two dimensional mudflats. 
 
 
 
HOBO water monitoring units were 
installed in two sites in the Squamish 
Estuary, and one in Sechelt Inlet (Tillicum 
Bay). These units monitor water 
temperatures and light availability over 
one year. They were installed within the 
transplanted beds at the same height as 
the average eelgrass shoot. Information 
has been downloaded from each unit 
after three and half months in the water; 
the data has not been analyzed, as there 
is no baseline yet with which to compare. 
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III.  Monitoring Results posed Southern Strait of  
 

Location # of 
sample
s 

Mean Average # 
shoots/m2 

Shoot 
Width 
(mm) 

Shoot 
Length 
(cm) 

Comments Approximate 
Area 
Coverage(m2) 

Squamish 
(Stawamus FN 
Reserve) 
 Site 1 
Feb 2012 
June 2012 
 

 
 
 
 
20 
10 

 
 
 
 
25.8 
23.6 

 
 
 
 
6 
8.17 

 
 
 
 
129.7 
126.4 

 
 
 
 
 
Shoot density and length very 
similar to those observed 
during the February survey. 
Area is very stable. (June 
2012 notes)  

 
 
 
 
 
80 m2 

Site 2 Stawamus 
Feb 2012 
June 2012 

 
10 
20 

 
4.8 shoots/patch 
7.85 shoots/patch 

 
5.9 

 
102.7 

Site #2:  400 shoots 
transplanted 18 months ago 
in area totaling 28 m2 . 

Species observed (June 
2012): Ghost shrimp, crabs, 
sole, other spp. shrimp 

 
 
35 m2 

Nexen Lands  
(Squamish) 
south end 
Feb 2012 
June 2012 

 
 
 
5 

 
 
 
7-12 

 
 
 
7.3 

 
 
 
86.9 

The density in the continuous 
area was assessed using a 
0.25m2 quadrat.  The density 
ranged from 28 – 48 shoots 
per m2).Survey included old 
and new transplants. There is 
habitat that appears suitable 
for receiving eelgrass north of 
the existing eelgrass (Feb 
notes) 

 
 
 
74.1 m2  

Central Estuary  
Training Dike -
Squamish) 
June 2012 

 
 
 
16 

 
 
 
7.94 shoots/patch 

  
 
 
40-50 

 
 
Results are encouraging. 
Potential for more 
transplants 

 
 
 
30  m2   

Cattermole 
Slough 
(Squamish) 
June 2012 

 
 
 
16 

 
 
 
8.9 shoots/patch 

  Typical size of shoot: 116 cm 
x 6 mm. Range in density 
similar at this time for all 
planting methods (burlap, 
cocoa fibre mat and no 
fabric). Differences expected 

 
 
 
70  m2    
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after a longer period of time. 
Sand lance, greenlings and 
Dungeness crabs observed 

Sechelt Inlet 
Half Moon Bay 
Site 1 
June 2012 

 
 
 
5 

 
 
 
15.6 shoots/patch 

 
 
 
9.4 

 
 
 
65 

  
 
 
15  m2     

Site 2 
June 2012 

 
10 
 
 

 
6.2 shoots/patch 

 
7.3 

 
88.3 

Monitoring results 
encouraging. New transplants 
with cocoa mat fibre may 
help stabilize the older 
transplants. Species observed 
(June 2012): Juvenile 
Dungeness crabs, greenlings, 
sole, perch, sculpins 

 
20  m2      

Sechelt Inlet 
McLean Bay 
Donor Bed 
Transplanted 
Bed 
June 2012 

 
 
 
 
15 

 
 
 
 
13.05 

 
 
6.0 
 
7.05 

 
 
61.3 
 
78.15 

Good survival rate and shoot 
branching; shoot size is 
similar to donor bed. Species 
observed (June 2012): 
Sculpins, juvenile and adult 
Dungeness crabs, sole, pile 
and striped perch, gunnels, 
seastars, juvenile copper 
rockfish, kelp greenlings. 

 
 
 
 
70  m2   

Sechelt Inlet 
Tillicum Bay 
June 2012 

 
 
10 

 
 
5.75 

 
 
5.34 

 
 
28.65 

Shoots are extremely small, 
indicative of either young or 
intertidal plants. Considering 
the short time since 
transplant, there is more to 
learn from this site. The long 
shoots that were planted 
here may have needed time 
to adapt by reducing their 
size. The shoots that have 
survived could do well. 

 
 
60  m2    

     Total 454.1 m2 
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IV.  Discussion 
 
The objective of this eelgrass restoration initiative is to address habitat issues limiting the 
amount of critical habitat accessible for out-migrating salmon species due to historical log 
handling practices. Because there is a dearth of research data about the limiting factors of 
these impacted marine subtidal environments, it is necessary to field test adaptive 
management strategies and monitor their success over time. We have accomplished our goals 
for the third year of this project and surpassed them because of our on-going community 
partnerships. 
 

It was suggested in the proposal for the third 
year of PSC funding that transplant test plots 
be situated within Rockfish Conservation Areas 
and BC Parks. An investigation of five sites on 
Gambier Island in Howe Sound was made in 
August of 2011, with assistance and in-kind 
support from BC Parks. It was determined at 
that time that future eelgrass restoration might 
happen on Gambier Island, including within 
RCA and BC Parks designated areas. A 
controversial project within the local 
community project entailing the sinking of the 

HMS Annapolis and habitat compensation 
work associated with the sinking prompted this 
project coordinator to wait for a more 

favorable time to work within the area (Halkett Bay).  As well, it would take more time for Parks 
permits to be in place than what our work schedules allowed. However, the project coordinator 
presented the concept of restoring eelgrass habitats within Howe Sound Provincial Parks during 
a BC Parks conference in December of 2011 to a very receptive audience.   
 
Because the monitoring results of the eelgrass 
test plots in the Squamish River Estuary and on 
the Sunshine Coast have demonstrated both 
an increase in density and area coverage since 
2007, we decided to fill in the plots already 
established, join other plots to accelerate the 
creation of integrated meadows, and install 
new plots in areas recommended by the 
Seagrass Conservation Working Group (SCWG) 
Project Coordinators in Squamish and the 
Sunshine Coast. HOBO units were installed in 
three sites to measure light availability and 
water temperatures over time.  We monitored the 

Crew mapping Gambier Island using a video overlay 
system 

SCUBA team member monitoring 
February transplants in June 2012 



10 
 

plots installed in 2010. We used cocoa mat and burlap material to establish shoots in otherwise 
unconsolidated sediments and planted clusters of ten shoots closer together (.5 m rather than 
1 m spacing). Since monitoring occurred three and half months after the 2012 plantings, it may 
be too early to assess long term success. However, observing the transplants earlier than later 
helps to determine whether there are factors inhibiting success. If monitoring occurs say a year 
after a transplant, the plot may have disappeared or been severely disrupted, but the causes 
may remain unknown because of the interval time between transplanting and monitoring. 
 
 More than 35 community volunteers from Squamish and the Sunshine Coast participated in 
the transplants (2011-12).  Squamish First Nations has been strong supporters of the increase of 
eelgrass habitat within their territory. A presentation was made to Squamish First Nations Chief 
and Council and the Coast Salish Gathering in March 2012. Much enthusiasm was expressed to 
continue this restoration. 

Stewardship of these habitats depends upon 
community support and awareness.  
Without the commitment and hard work of 
the SCWG Area Project Coordinators, Dianne 
Sanford (Sunshine Coast) and Edith Tobe 
(Squamish River Estuary), we would not have 
achieved success. They both supported this 
work by mapping where eelgrass is and 
where it should be, over large areas, found 
matching funds, organized community 
volunteers and helped with logistical issues.   
 

 
 

 
Quality assurance/quality control is overseen by 
our science advisor, Cynthia Durance, (RPBio.), 
who has over 30 years of experience in eelgrass 
transplanting. The rigorous standards used for 
eelgrass transplanting and monitoring has 
contributed greatly to the success of this 
initiative.  
We will continue using adaptive management 
strategies based on results gleaned from monitoring these 
sites so that we can accelerate the rate of reclamation for 
destroyed and damaged critical habitat for all species of salmon and the food webs that 
support them. 
 

 
 

Half Moon Bay community volunteers attaching 
metal anchors onto eelgrass in February 2012  

Squamish community volunteers supporting 
eelgrass restoration 
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V.  Recommendations 
 
1.  It is recommended that the monitoring schedule for the eelgrass transplant test plots be 
continued for the next three years to:  1) determine success of the transplants from 2007, 2010 
and 2011-12, and 2) determine the efficacy of the adaptive strategies described in this report. 
 
A report by Olesen & Sand-Jensen (1994) suggested that new Z. marina beds required a 
minimum of five years to become established and stable. Transplant failure is generally 
detected within six months. Success is based on natural shoot density and area coverage.  
 
From a study done of fifteen eelgrass transplants completed between 1985 and 2000 in B.C. 12  
transplants that achieved success, as defined above, continued to survive. (Durance. 2001).  
 
2.  New test plots be planted in areas defined by the results from monitoring and mapping that 
began in 2007 in the Squamish River Estuary and Sunshine Coast.  Use the information gained 
from results-based management of the test plots to improve future transplants. 
 
3. Combine the results of the Chinook study over the last two years (2010-2012) in the 
Squamish River Estuary and Howe Sound to identify key areas where out-migrating Chinook 
could benefit from restored eelgrass habitats. 
 
4.  Restore identified sites on Gambier Island and monitor over at least three years. Some of 
these sites are located within BC Parks and Rockfish Conservation Areas and would benefit from 
additional protections afforded by protected status. 
 
5. Continue to establish new partnerships through public eelgrass ecology presentations and 
maintain positive on-going relationships with the Sechelt and Squamish First Nations 
communities. 
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                                                                        Appendix A 
Site Sketch Maps 

Transplants June 2012 
 

Stawamus (Squamish First Nations Reserve) 

Half Moon Bay 
Sunshine Coast 
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McLean Bay, Sechelt Inlet 
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Tillicum Bay, Sechelt Inlet 
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Appendix B 
2012 Restoration Sites

Half Moon Bay, Sunshine Coast 

Tillicum Bay, Sechelt Inlet 
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McLean Bay, Sechelt Inlet 

Cattermole Slough, Squamish River Estuary 



18 
 

 

Stawamus First Nations Reserve 
Squamish River Estuary 

Training Dike, Central Squamish River 
Estuary 
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Mapping of Potential Eelgrass Restoration 
Sites Halkett Bay, Gambier Island 

Eelgrass could be filled in between patchy beds in Halkett Bay 
and other sites on Gambier Island 


