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1.0 Introduction 

 

The second category of activities for the Southern Boundary Restoration and Enhancement 

Fund is the rehabilitation and restoration of marine and freshwater habitat, and improvement 

of habitat to enhance productivity and protection of Pacific Salmon. The summary that follows 

is the description of this type of work and outcomes for the second year (2009-2010) in 

restoring eelgrass habitats in the Georgia Basin (Georgia Basin Salmonid Habitat Restoration 

Project (SF -2010-H-3).  

Seagrasses—rooted aquatic plants in estuaries and along protected shorelines throughout the 

world—have important influences on biogeochemical cycling, sediment stability, and food web 

support (e.g., McGlathery et al. 2007; Orth et al. 2006). They provide food and shelter for 

numerous fish and invertebrates, and serve as a nursery habitat, providing predation refuge for 

juvenile fishes (Orth et al. 1984; Bostrom and Bonsdorff 2000; Duarte 2000). Worldwide, they 

support myriad rare and endangered animals as well as commercially important species 

(Hughes et al. 2009). However, seagrasses are in decline throughout much of the world (Worm, 

2006; Halpern 2008), with rates of loss accelerating from a median of 0.9% per year before 

1940 to 7% per year since 1990 (Waycott et al.  2009). A large percentage of this decline is 

attributed to human impacts, including filling of shallow waters, dredging, and eutrophication 

(Short and Wyllie-Echeverria 1996).  

It has been estimated that 18% of coastal marine and nearshore wildlife habitat in the Salish 

Sea has been destroyed by such activities as log storage (British Columbia/Washington Marine 

Science Panel 1994). Log booming activities in shallow, poorly flushed intertidal areas reduce 

eelgrass habitat productivity through a variety of means including, but not limited to, substrate 

compaction, accumulation of bark and wood waste, reduction in fish food organism abundance 

and oxygen levels, and changes to epibenthic and benthic fauna.  

Over 80% of commercially important fish and shellfish species, including all species of salmon, 

spend some time of their life histories in nearshore marine environments containing eelgrass 

beds (Zostera marina) (Durance, 2000). The loss of this critical habitat is significant. Restoration 

of eelgrass habitat in estuaries where favourable conditions for eelgrass growth exist would 

enhance the amount of high quality rearing habitat as well as increase the ecological services 

for human communities, including erosion control, sediment settling and food production 

(shellfish and fish). 

With the population of the Georgia Basin/Puget Sound forecasted to exceed nine million people 

by 2020, nearshore critical habitat loss is likely to increase. As well as increasing efforts to 
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conserve what there is, the need to bring back what has been lost is vital to future salmon stock 

populations. 

 “ Puget Sound has already lost an astonishing 80 percent of its estuary habitat.   

  Protecting remaining habitat alone will not be enough to attain ecosystem health. Large-        

scale, ecosystem-wide restoration efforts in upland and marine areas must work hand-in-hand 

with habitat protection. The pace and scale of restoration must be significantly increased for 

recovery. Restoration must work hand-in-hand with habitat protection to avoid the continuous 

and costly cycle of damage, repair, and cleanup.” (Puget Sound Conservation & Recovery 

Plan2007-2009)  

During Year Two (2010 -11) of the Georgia Basin Salmonid Habitat Restoration Project. 

SeaChange Marine Conservation Society transplanted in total 3,660 eelgrass shoots (366 sq m2)      

in three locations within the Georgia Basin. This report is a summary and discussion of the 

monitoring results and a set of recommendations for future restoration work within the Salish 

Sea. 

 2.0   Methods 

 In 2000, Cynthia Durance of Precision Identification created a methodology for mapping 

eelgrass beds (Zostera marina) in British Columbia. Using this protocol, coastal community 

groups surrounding the Salish Sea began an inventory of these critical habitats for marine 

wildlife, including all species of juvenile outmigrating salmonid. During the course of these 

inventories, many communities expressed concern that where there should have been eelgrass, 

it seemed to be damaged or absent. Ms. Durance developed a method for transplanting 

eelgrass that has been used successfully at over 80 sites throughout British Columbia as 

compensation to achieve No Net Loss. This methodology is used for community based 

restoration in sites that have been formerly utilized for log storage. 

Eelgrass is dependent upon vegetative reproduction; once established, a patch of eelgrass may 

reclaim a damaged site at a rate of approximately 0.5 metres in all directions annually. With the 

support of experienced scientists in estuarine environments and a certified WCB SCUBA dive 

team, community stewardship groups have been trained to accelerate the pace of reclamation 

for important marine bird, fish, and invertebrate species that utilize these environments for 

food, protection, and metabolic growth.  

Small test plots of 500-800 shoots are transplanted after an initial assessment is completed to 

evaluate the suitability of the site. The benefit of setting up these smaller plots in estuaries that 

have been utilized for log storage is that these highly degraded habitats would benefit most 

http://www.psparchives.com/our_work/protect_habitat.htm
http://www.psparchives.com/our_work/protect_habitat.htm
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from the establishment of eelgrass that would remediate the poor sediment conditions (low 

oxygen & high concentrations of sulphides). 

Based on the many years’ experience of Ms Durance and the initial restoration efforts of 

SeaChange, a proposal for funding of eelgrass restoration was written to the Pacific Salmon 

Commission for a three year project to restore eelgrass habitats in coastal areas within the 

Georgia Basin.  In 2007, restoration was initiated in Finlayson Arm (McKenzie Bight), Squamish 

and Nanaimo estuaries. The methodology included the installation of small test plots of 500-

800 shoots at each site, at a density of 10 shoots/m². Based on the monitoring results after one 

growing season, larger transplants were put in place in the summer of 2010 at the McKenzie 

Bight and Squamish sites.  

Following are the monitoring results from the first year (2007): 

 

Site Mean Average  # of Shoots/Patch Area Planted 
McKenzie Bight (northern plot) 26.4 23 m² 

McKenzie Bight (southern plot) 24.6 30 m² 
Nanaimo River Estuary 0 70 m² 
Nexen Lands 17.33 40 m² 
Squamish Reserve Site 13.13 70 m² 

 

The criterion for success is based upon the mean shoot density that equals or is greater than 

the shoot density at the time of the transplant (10 shoots/m²). Of the five test plots planted, 

three succeeded in increasing > 50% mean density over one growing season. The range of 

increase varied from 131% to 264%. Some of the plots in the McKenzie Bight and Squamish 

sites were coalescing, giving promise that eelgrass meadows were forming. Approximate area 

coverage for net gain in salmonid habitat for all three sites was 174 m². The Nanaimo site 

within the channel did not succeed. Speculation is that there may be issues with high turbidity 

and high current velocity within the channel during freshet. 

During the summer and fall months of 2010, three estuaries affected by historical log storage 

received a total of 3,600 shoots. McKenzie Bight received 1,260 shoots total, Squamish 1,340 

and a third new site, Half Moon Bay, 1,000 shoots.  



5 

 

3.0 Monitoring Results 

1.  Squamish River Estuary 

The main goals of the survey were to determine 

the survivorship of the eelgrass that was 

transplanted in 2010 adjacent the reserve.  Four 

areas were transplanted in 2010. The monitoring 

was conducted 6 months after transplanting. 

Area 1: The planted area was located between a piling and a dolphin along the edge of the main 

channel; it extended 22 metres along the channel and was 3 metres in width (660 shoots). 

Area 2.  This area extended from the dolphin in Area 1 towards shore, it extended 8 metres 

towards shore and was 5 m wide (400 shoots). 

Area 3.  A small area 8 m2 was planted at the end of the boomsticks (80 shoots).  

Area 4.  A test plot was located in the lagoon-like area.  An area of 20 m2 was planted (200 

shoots). 

Results 

Area 1.  47 shoots were in the vicinity of Area 1.  The shoots appeared healthy. 

Area 2.  Transplanted shoots survived throughout all of area 2 (eg. 40 m2).  The shoots were 

transplanted at a density of 10 shoots per patch at one metre intervals.  Random samples of 15 

patches within the area were monitored. The number of shoots per patch at the time of the 

survey ranged from 1 to 12 with a mean of 7. 

Area 3.  The dive team was unable to locate any eelgrass in Area 3. Visibility was better than 

usual at the site but still not great, there could have been more eelgrass in Areas 1 and 3. 

Area 4.  33 eelgrass shoots were found in the lagoon, they appeared healthy. 

The areas adjacent to the reserve that were planted previous to 2010 were also surveyed.  

Eelgrass was distributed though out the entire area, the shoots have grown horizontally to the 

extent that individual patches are no longer discernable.  A 0.25 m2 quadrat was used to 

estimate density at 20 locations throughout the transplanted area.  The density ranged from 1 

to 23, with a mean of 6.5 per 0.25 m2.  The mean number of shoots in this area has increased 

from 10/m2 at the time of planting to 26/m2 in early 2011. The eelgrass appeared very healthy 

and ranged in height from 32 to 56 cm. 
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2. Half Moon Bay, Sunshine Coast   

Six areas were planted in Half Moon Bay.  The data is 

summarized in the table below. Monitoring was 

conducted 6 months after transplanting. 

 

 

 

Site Area planted 
(m2) 

# shoots planted # /patch 2011 Mean #/patch 2011 

1 12 200 3-12 7 

2 12 200 3-14 7.9 

3 12 200 5-14 10.8 

4 9 200 8-22 15 

5 17 170 1-11 4.4 

6 3 30 5-14 9 

 

The dive team counted the number of shoots in each of ten patches at sites 1 though 4, the size 

of these transplanted areas remained unchanged. The shoots were healthy and robust. 

The survival at Site 5 was much lower than at the other sites, although each transplanted patch 

had at least one surviving shoot.  All 17 patches were counted.  Two of the patches had grown 

horizontally beyond the boundary of the plot (rebar markers).  The shoots were not as robust as 

at the other sites; this location may be slightly shallower. 

The eelgrass at Site 6 was very large and robust.  Additional planting at this location is highly 

recommended. 
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3. McKenzie Bight   

In 2010 patches were planted in between 

and around the 3 original plots.  Monitoring 

occurred 6 months after the transplant. The 

original transplanted shoots survived and 

multiplied between planting (2007) and 

2010, therefore the site was deemed 

suitable for additional transplanting.  Less 

than 10% of these plants survived during the 

winter of 2011.  The sudden loss, as opposed 

to a gradual decline over time of even the 

established eelgrass indicates that the loss was due to a catastrophic event rather than 

unsuitable substrate, depth, water quality, or salinity.  Potential catastrophic events include 

extreme flood events, storm surge during low tide, exposure to freezing temperatures over 

time, excess sediment deposition, or an anthropological impact such as grounding of a large 

boat during low tide.  

 

 

Several hypotheses are presented here to investigate 

the causes of the failure. Each suggestion is meant to 

serve as a platform for further research, as it is 

suspected local inter-annual climate variability may be a 

strong contributing factor.  
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 4.0   Discussion 

 Restoration of nature, by definition, is a complex process. Restoration ecology, a term created 

by William Jordan III and Keith Wendt, is a learning-by-doing approach to understanding 

ecological principles. Restoration is distinct from mitigation and compensation, as it is the 

process of bringing back a whole system to a former condition. Jordan defines restoration as 

“everything we do to a landscape or an ecosystem in an ongoing attempt to compensate for 

novel influences on an ecosystem in such a way that it can continue to behave or can resume 

behaving as if they were not present.” (Jordan, 2003). 

Spatial and temporal extent of the damage from log storage areas is persistent. These impacts 

include chemical changes in the sediment, smothering by accumulated woody debris and 

physical alteration and disruption of intertidal and subtidal fish habitat from grounding logs. 

Such accumulations can physically and chemically alter aquatic systems to the detriment of fish 

habits, reducing their complexity and often obliterating nearshore vegetation vital for rearing 

juvenile salmonids.  Research has found that site specific factors dictate plant re-colonization 

rates. There are no consistent eelgrass and algal recovery trends at abandoned sites relative to 

the amount of time since the last log booming operation. (Pease, 1974) 

No one data type can stand alone in a monitoring program (Fonseca et al, 1987c, Fonseca 

1989a). For some of the small test plots (McKenzie, Squamish), a percentage of the original 

number of shoots was recorded.  In other sites, the actual number of surviving plants was taken 

and is critical as well. If a planting is small (~500 - 1,000 shoots), all shoots are surveyed for 

presence or absence (survival survey). The existence of a single shoot indicates its survival 

because it is associated with a rhizome meristem. Otherwise subsequent vegetative growth will 

not occur. This means that if even if a small percentage of the total shoots planted survive; 

there is likelihood that the transplanted bed will regenerate. An example is the Tod Inlet 

transplant in 2000. Eighteen hundred shoots were planted, with a 23% survival rate after one 

growing season. That bed in 2011 is now a narrow fringing eelgrass bed, limited by elevation 

and substrate and protected by buoys. 
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In addition to historical impacts of forestry practices in estuaries, local climate changes may be 

affecting nearshore eelgrass habitats. The winter of 2010 was fresher than in the previous few 

years, a result of higher than usual local rainfall in the late fall of 2009 and the first few months 

of 2010.(Dewey, 2010).   
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Race Rocks Precipitation data 

This table shows the daily and monthly rain amounts in millimetres. The rows indicate day of 
the month with the months shown in the columns. 
 

2009 

Day  Jan   Feb   Mar   Apr   May  
 Jun

  
 Jul   Aug   Sep   Oct   Nov   Dec  

Totals  3   10   31.4   17.6   16.2   1.8   4.8   8.2   28.2   75.4   128   28.4 

2010 

Day  Jan   Feb   Mar   Apr   May   Jun   Jul   Aug   Sep   Oct   Nov   Dec  

Totals  46.2   12.4   38.6   19.8   37.4   3.4   0.2   6.8   20.8   34.8   30.2   102  

2011 

Day  Jan   Feb   Mar   Apr   May  Jun   Jul  Aug   Sep   Oct  
  

Nov 
 

 Dec  

Totals  105   59.2   76.2   2   53   0     
     

 

The trend of global climate change may be showing evidence on the local scale. This increased 
precipitation may have caused a greater sediment flow from the near-by creek north of the 
McKenzie Bight eelgrass restoration site. Further investigations are necessary to observe the 
rhizome growth pattern to substantiate this claim.  
 
“Forecasts of climate change for British Columbia provided by the Pacific Climate Impacts 
Consortium indicate that the natural range in variation that has remained relatively steady over 
the past century will shift out of this range.” (BC Pacific Salmon Forum 2009) Monitoring the 
effects of local climate changes – water temperature, precipitation, and light availability) in all 
three estuaries will help inform future restoration planning. 
 
Seasonal Temperature change 

Appendix A illustrates the weather conditions (temperature and precipitation) during the 

winter months of 2010 near McKenzie Bight. The reference point for low tide heights (less than 

2 feet) was Finlayson Arm. Reference site for temperatures was Hartland, Central Saanich north 

of Victoria.  
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Three dates in November 2010 (22nd through 23rd) registered low temperatures during low tide 

intervals. One cause of the demise of the bed could have been this extended cold period during 

a low tide. The site is -4.44’ chart datum. The lowest tide during this time period was +.46’  

Some areas within Saanich Inlet, such as Tod Inlet, freeze over during extended low 

temperature (below 0°C). This may have occurred in McKenzie Bight during the early months of 

the winter of 2011. Monitoring weather conditions at this site will occur with the positioning of 

a data logger in the site to register temperature and light availability during the winter months 

of 2011 -12. 

5.0 Recommendations 
 

1. Continue to monitor all three sites for area extent and shoot density on an annual schedule 
for at least 5 years. 
 
2. Monitor sediment flow (using sediment traps at the mouth of the creek) and precipitation 
rates at McKenzie site for possible changes over time due to local climate changes. 
 
3. Continue with strategy to locate potential eelgrass restoration sites in protected areas (i.e. 
near BC Parks and Rockfish Conservation Areas) on a regional scale utilizing site selection 
criteria. 
 
4.  Undertake research to understand climate variability and its impacts on estuarine fish 
habitats. 
 
5.  Continue to apply adaptive management approaches to reduce risk and increase knowledge 
of local and regional marine nearshore dynamics. 
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Conclusion 
 
Rising sea levels, more frequent and intense storm events and rising sea temperatures, as well 
as wind and current directional changes may be impacting nearshore salmonid habitats on the 
local and regional scale. Impacts on salmonid habitats might be increased sedimentation due to 
an increase in precipitation, scouring from increased wind and wave velocities and subsequent 
water quality changes due to suspended sediments. Research of these impacts on eelgrass beds 
needs to begin so that we can include these fluctuating environmental parameters in our 
restoration planning strategies. Adaptive management practices that include this research will 
potentially increase the likelihood of a higher net gain in habitat for juvenile salmonids on the 
BC coast.
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Appendix A: 
Weather Conditions for McKenzie Bight November 2010 – Februay 2011 

 
Date Tide Height (feet) Time Temperature (°C) Precipitation 

(mm) 

November 2010 

4 

1.55 22:31 11.7 0 

5 .71 23:10 5.5 3.2 

6 .24 23:50 4.9 0 

7 .16 23:31 8.4 1.8 

9 .42 :13 3.4 .4 

11 1.68 1:44 5.3 1 

20 1.42 21:58 -3.0 .6 

21 .91 22:29 2.8 0 

22 .57 23:04 -5.7 0 

23 .46 23:43 -8.3 0 

25 .62 :25 -2.8 5.6 

26 1,10 1L10 1,7 2 

27 1.89 1:56 2.2 0 

December 2010     

2 1.57 20:32 2.0 .8 

3 .73 21:12 2.9 1.6 

4 .24 21:51 1.9 0 

5 .07 22:30 2.8 0 

6 .21 23:10 5.7 0 

7 .6 23:50 5.8 .8 

9 1.21 :31 6 12.6 

18 1.64 21:00 4.1 0 

19 1.0 21:34 2.2 0 

20 .54 22:09 5.5 0 

21 .32 22:48 8.0 0 

22 .41 23:28 4.3 0 

24 .87 :09 7.5 .2 

25 1.71 :51 6.8 .2 

January 2011     

1 1.4 20:55 -0.3 0 

2 .93 21:36 0 0 

3 .96 22:15 -0.6 0 

5 1.62 23:31 4.7 17.8 

16 1.68 20:34 9.6 19.8 

17 1.13 21:13 4.8 1 

18 .81 21:52 -1.1 0 

19 .81 22:32 1.5 .2 
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20 1.2 23:13 1.2 1.6 

21 1.98 23:53 3.7 8.2 

30 1.98 20:40 .9 0 

31 l.97 21:23 0 0 

February 2011     

15 1.75 20:48 1.6 .2 

16 1.71 21.31 1.3 .2 

March 2011 

no tides lower than 

2’ 

    


