
An Exercise in Eelgrass Restoration in Bellingham Bay:  A tale of two methods
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Abstract
As part of the advanced mitigation for the Post Point Wastewater
Treatment Plant Alternate Outfall Replacement Project, Hart Crowser 
implemented a restoration methods comparison project in Post Point 
Lagoon adjacent to the water treatment plant. This consisted of the 
removal and replanting of eelgrass (Zostera marina) using two different 
methods, one of which has no been attempted before on a large scale in 
the Pacific Northwest. The first method employed traditional diver-placed 
planting units while the second employed a methodology developed by 
Fred Short of the University of New Hampshire called Transplanting 
Eelgrass Remotely with Frames (TERFs, Short, Short and Burdick-
Whitney 2002) . Four test plots (two of each method) were planted and 
then revisited one year later to measure recruiting success. Area 
remaining, relative shoot density, and cost per unit benefit were 
compared between the two methodologies as well as with th naturally 
occurring eelgrass habitat in the vicinity.  Both methods were viewed as 
successful, but were moderately different in the level of success 
depending on the parameter in question.

Project
Hart Crowser worked closely with the City of Bellingham (City) Post 
Point Wastewater Treatment Plant (WTP) to develop a replacement 
strategy for the City’s existing 30-inch diameter Alternate Outfall 
with a stronger, higher capacity 54-inch pipeline. The marine 
alignment of the new 54-inch Alternate Outfall directly intersected a 
large and very dense eelgrass bed for several hundred feet 
affecting well over 1,000 square feet of eelgrass habitat. 

Solution
• Move the alignment of the outfall to a narrower and less dense 

part of the bed

• Remove all of the eelgrass prior to construction

• Replant eelgrass in suitable substrate in areas that could 
benefit from restoration actions

Eelgrass Restoration: 
A Tale of Two Methods

Diver-Based Transplanting

• Requires technically trained 
divers

• Allows for precision transplanting

• Transplants at very low densities

• Achieves higher areal coverage

• Industry standard

Transplanting Remotely with Frames 
(TERFs)

Relative Performance
• TERFs maintained high shoot density approximating reference 

conditions (Fig 2).

• Diver transplants maintained higher degree of success in areal 
coverage and total shoots remaining after 1 year (Table 1).

• TERFs initially cost less per shoot and more per unit area to plant 
than diver transplants.  This became less evident with a slight cost 
benefit of the diver approach by the end of year 1 (Table 1).

• All except Bed 4 met performance criteria and exceeded average 
restoration performance for restored eelgrass in Puget Sound (Thom 
1990, Stamey 2004)

• Very labor intensive, but can be non-skilled 
(volunteers, WCC)

• Larger planting units

• Transplants at very high densities 
(approximating  natural)

• Achieves lower areal coverage per unit effort

• Can be used as an outreach tool

Questions
• Which method performed better (area and/or shoots)

• What were the relative costs of each method

• What were the relative costs per unit benefit 

Opportunity
• Implement two different eelgrass replanting approaches 

• Evaluate the biological performance of each

• Evaluate the economics of implementing each

Approach
• Plant 4 beds (2 each using different methods) at a predetermined

site currently supporting healthy eelgrass

• Determine initial and years 1,3,and 5 success of each by 
measuring areal extent, density, and qualitative habitat function 
and scaling each to the cost to implement

• Link success (or failure) to environmental parameters
(not discussed here)

Preliminary Results (Year 1)

Figure 1. Planting locations and Year 1 Extent

Table 1. Performance analysis for Year 1 after transplant

Figure 2. Eelgrass densities within planted areas and 
existing eelgrass beds at the site after year 1.

Conclusions and Caveats
• Initially each planting method maintains positives and 

negatives depending on which factors are most important in 
a restoration action.

• After year 1, diver transplants have the performance edge 
for economic reasons.

• Confounding issues with proximity to existing bed?

• Confounding issues with change in site conditions?
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Many thanks to the City of Bellingham, Washington Conservation Corps, Research 
Support Services, and all of the volunteers who worked on this project!

Reference Diver Planted TERFs
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P< 0.001

Performance

Bed 1 Bed 2 Bed 3 Bed 4
Planted 46 46 23 23
Remaining 1year 29.3 19.6 12.9 3.2
% 63.7% 42.6% 56.1% 13.9%

Planted 640 640 1600 1600
Remaining 1week* 640 640 1536 1216
Remaining 1year 1091 730 917 227
% 170.4% 114.0% 59.7% 18.7%

Cost/Benefit
Bed 1 Bed 2 Bed 3 Bed 4

Total $7,856 $7,856 $5,809 $5,809
Initial $/m2 $171 $171 $253 $253

$/Shoot $12 $12 $4 $4

Year 1 $/m2 $268 $401 $450 $1,815
$/Shoot $7 $11 $6 $26

* Represents initial recruits. This number is used in the % survival estimates for shoots

TERFs
Total Area(m2)

Total # Shoots

Cost ($)

Diver PU's


