
 Merkel & Associates, Inc. 
 5434 Ruffin Road, San Diego, CA 92123 
 Tel: 858/560-5465 • Fax: 858/560-7779 
 e-mail: associates@merkelinc.com 
 
 
 

November 23, 2009 
M&A # 02-143-08 

 
 
Mr. Dave Stalters 
U.S. Coast Guard 
Civil Engineering Unit, Oakland 
2000 Embarcadero, Suite 200 
Oakland, California 94606-5337 
 
 
Re: 60-month Post-transplant Eelgrass Monitoring Report in Support of the Pier 

Renovation and Replacement at U.S. Coast Guard Sector San Diego, California 
 
 
Dear Mr. Stalters: 
 
This letter report transmits results and information regarding the 60-month post-transplant eelgrass 
(Zostera marina) survey completed in support of the Pier Renovation and Replacement Project at 
U.S. Coast Guard Sector San Diego.  The site has achieved the mitigation requirements for eelgrass 
impacts, and no further monitoring or other actions are planned to occur in association with this 
work.   
 
INTRODUCTION 
 
Merkel & Associates, Inc. (M&A) was retained by the U.S. Coast Guard to conduct an eelgrass 
(Zostera marina) transplant in support of the Pier Renovation and Replacement Project (Project) at 
Coast Guard Sector San Diego (Sector).  The project site is located at 2710 North Harbor Drive, San 
Diego (Figure 1).  The renovation work was completed in April 2004 and included the demolition of 
the timber portion of an old pier and the removal of two floating docks.  Following removal of these 
features, the new pier facility was constructed and included concrete supports and floating dock 
components. 
 
According to the post-construction eelgrass survey in 2004, approximately 67 m2 (721 ft2) of eelgrass 
were impacted by the Project (M&A 2004a).  Based on the 1.2:1 area-based replacement ratio 
specified in the Southern California Eelgrass Mitigation Policy (SCEMP) (National Marine Fisheries 
Service 1991, revision 10), 80 m2 (861 ft2) of restored eelgrass was needed to mitigate for the 
impacts.  Desiring to have an excess of eelgrass planted to act as a buffer against transplant shortfalls, 
the Coast Guard approved 750 m2 (8,072 ft2) of eelgrass to be transplanted at the Project site. 
 
The transplant was conducted in November 2004 in accordance with the mitigation plan prepared for 
this Project (M&A 2004b).  Upon completion of the transplant effort, a monitoring program was 
initiated and scheduled to continue for 60 months (i.e., 5 years).  The monitoring program was 
conducted at intervals of 3, 6, 12, 24, 36, 48, and 60 months post-transplant.  When monitoring dates 
have fallen outside the normal eelgrass-growing season (April - October), monitoring dates were 
shifted to coincide with the next eelgrass-growing season. 



������������	
��������
�

�
���������	�	
	�����

�	��
��������������	����	�������������� ��

�	������

���!�"#$%&'$"(

�����������	

�����	��

������������������
��	���
�������



60-month Post-transplant Eelgrass Survey  November 2009 

Merkel & Associates, Inc. # 02-143-08  3 

 
TRANSPLANT SITE HISTORY AND LAYOUT 
 
The eelgrass mitigation plan called for two separate transplant sites: the debris removal site and the 
offshore site (Figure 2).  The debris removal site is situated at the southeast corner of the Sector 
where rock and rubble debris were removed in March 2004 (M&A 2004c).  The offshore site is 
located approximately 250 m (820 ft) offshore of the southwest corner of the Sector.   
 
Following debris removal and final site preparations, approximately 200 m2 (2,152 ft2) of eelgrass 
was planted at the debris removal site in November 2004 (M&A 2004d).  The substrate at the site 
was composed mainly of cobble rock and sandy sediment.  The depths planted within the debris 
removal site ranged from approximately –1 to –5 feet MLLW.   
 
At the offshore site, approximately 550 m2 (5,920 ft2) of eelgrass was planted in 2004 (M&A 2004d).  
The substrate at the site was composed of muddy sand, and the depths within the site ranged from 
approximately –9 to –10 feet MLLW.  These depths are near the lower limits for eelgrass growth; 
and thus, the existing eelgrass in the vicinity of the transplant area was sparse.  Planting at this site 
was completed within a long narrow area in order to stay within suitable depths for eelgrass growth.   
 
A control site was established within the eelgrass bed along the headwall of the Sector (Figure 2).  
The control site was established in a native eelgrass bed in order to monitor natural seasonal and 
annual fluctuations.   
 
MITIGATION SUCCESS CRITERIA 
 
This eelgrass-monitoring program includes milestone success monitoring to verify that minimum 
coverage and density requirements are achieved per the requirements of SCEMP.  The coverage and 
leaf shoot density of eelgrass within the transplant and control were mapped and measured at each 
monitoring interval.  The mitigation will be deemed successful when it has met the success criteria 
outlined in the SCEMP.  Criteria for determination of transplant success will be based upon 
measurements of vegetative coverage (area) and leaf shoot density (shoots per square meter) and the 
success milestones listed below.  Fluctuations in eelgrass coverage and density at the mitigation site 
will be compared to the control site in order to account for natural variations in the eelgrass bed.    
 
Key success criteria are as follows: 
 
A) A minimum of 70 percent areal coverage and 30 percent density should be achieved after the 

first year. 
 
B) A minimum of 85 percent areal coverage and 70 percent density should be achieved after the 

second year. 
 
C) A minimum of 100 percent areal coverage and 85 percent density should be achieved for the 

third, fourth, and fifth years. 
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Areas that do not meet the above success criteria will be re-planted, and monitored for another five-
year period, until the final goal is achieved.  Should re-planting of the areas at the project site fail to 
meet the success criteria; an alternative mitigation site will be selected to carry out revegetation. 
Should the control area fail or decline alongside the mitigation area for reasons outside the control of 
the Coast Guard, the Coast Guard will not be held responsible for similar declines in the mitigation 
area. 
 
SURVEY METHODOLOGY 
 
M&A staff, Lee Murai and Heather Krish, conducted the 60-month eelgrass survey on October 15, 
2009.  The survey consisted of eelgrass areal coverage and density investigations within the study 
area.  Data were collected using a sidescan sonar operating at 600 kHz scanning out 20 m on both the 
starboard and port channels for a 40 m wide swath.  All data were collected in latitude and longitude 
using the North American Datum of 1983 (NAD 83).  Following completion of the survey, sidescan 
sonar traces were converted to the Universal Transverse Mercator system in meters (UTM), 
geographically registered, and plotted on a geo-rectified aerial image of the Project site.  Eelgrass 
was then digitized as a theme over the aerial image to calculate the amount of eelgrass coverage and 
show its distribution.   
 
A SCUBA diver inspected the site to verify the sidescan data, assess the eelgrass density and health, 
and measure the density of actively growing leaf shoots.  Leaf shoot density was determined by 
conducting shoot counts within a 1/16-m2 quadrat.  Replicate quadrats (n=10) were randomly placed 
within the eelgrass bed of the study areas and control site to obtain a mean shoot density for eelgrass 
beds within the project site. 
 
RESULTS 
 

EELGRASS TRANSPLANT SITES 
 
The current 60-month survey revealed a combined 245 m2 of eelgrass with a density of 115.2 ± 6.6 
(n=20) in the two transplant sites.  There was 53 m2 (570 ft2) of eelgrass within the Debris Removal 
transplant site and 282 m2 (3,035 ft2) of eelgrass within the offshore transplant site (Figure 2).  The 
eelgrass leaf shoot densities (± 1 SD) were 163.2 ±127.9 (n=10) shoots per square meter and 67.2 
±49.9 (n=10) shoots per square meter in the debris removal and offshore sites, respectively.  At the 
debris removal site, eelgrass blades were healthy, though heavy algal growth was observed between 
eelgrass shoots and may have been impeding its expansion.  Eelgrass blades at the offshore site 
appeared healthy with some gracilarioid algal growth between shoots.  The invasive bryozoan 
Zoobotryon verticillatum was also abundant in the eelgrass.  Round stingray (Urobatis halleri) were 
also observed at both transplant sites. 
 

CONTROL SITE 
 
The current 60-month survey revealed the control site supported 595 m2 (6,404 ft2) of eelgrass 
(Figure 2).  The eelgrass leaf shoot density (± 1 SD) within the control site was 206.4 ± 61.4 shoots 
per square meter (n=20).  Eelgrass blades appeared healthy, but were covered with non-native 
Bunodeopsis anemone.  Similar to the 48-month survey, Lewis’ moon snail (Polinices lewisii) and 
round stingrays (Urobatis halleri) were the dominant fauna documented at the control site. 
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DISCUSSION 
 
A summary of the eelgrass coverage at the eelgrass transplant sites, control site, and the mitigation 
requirements is presented in Figure 3.  Within the debris removal transplant site, the current 60-
month survey revealed a 26% decrease in coverage from the previous year, decreasing from 72 to 53 
m2  (775 to 570 ft2). At the offshore transplant site, eelgrass coverage had a significant increase of 
220% since last year, expanding from 88 to 282 m2 (947 to 3035 ft2).  Eelgrass coverage at the 
control site decreased 12% since last year from 678 to 595 m2 (7,297 to 6,404 ft2). 
 
The 60-month survey shows the combined eelgrass coverage of 335 m2 (3,605 ft2) at the two 
transplant sites was more than 400% the mitigation area requirement of 80 m2  (861 ft2) and therefore 
met and exceeded the area mitigation criteria of 100% areal coverage.  The 85% density requirement 
was not met in the previous 48-month survey, nor was it achieved in the 60-month survey.  The 
combined density at both transplant sites of 115.2 ± 6.6 (n=20) per square meter was only 
56%±10.8% of the control bed density.  
 
Broken down, the mean shoot density within the debris removal site only falls 6% short of the 
required 85% control site density with 163.2 ±127.9 (n=10) shoots per square meter, and the site 
supports significant standard deviation overlap with the measured control site density.   However, the 
offshore site is 62% short of the 85% mean density requirement at 67.2 ±49.9 (n=10) shoots per 
square meter.  Considering the error terms for the control site and the offshore transplant site, the 
density would still be considered strongly statistically different between the control and the transplant 
site.  
 
At the debris removal site, slightly lower density than the control site was attributed to the ephemeral 
algae accumulated in the eelgrass bed, and eelgrass density is expected to fluctuate in coverage year 
to year in response to the amount of drift and attached algae present.  As a result, the control and 
debris removal transplant area densities would be expected to remain similar but variable through 
time as has been demonstrated over the course of monitoring (Figure 4).  At the offshore transplant 
site, it is unlikely that the eelgrass will ever occur at 85% the density of the control bed.  The control 
bed is in shallow water along the shoreline, where eelgrass typically grows to a shorter stature but in 
more dense beds than in deeper water, where eelgrass typically grows at a lower density but with 
taller leaves.   In full retrospect, the control site should have been initially laid out to extend across 
the full depth profile of the impacted eelgrass habitat.  This would have resulted in the inclusion of 
deeper portions of the bed and an overall lower control site density, more indicative of the pier 
impact area that extended across eelgrass beds ranging from 0 ft MLLW to –9 ft MLLW, whereas the 
control area ranged only from 0 ft MLLW to –5 ft MLLW in depth profile. 
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Figure 3.  U.S. Coast Guard Sector San Diego , eelgrass mitigation area – Eelgrass areal coverage through monitoring period   
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Figure 4.  U.S. Coast Guard Sector San Diego, eelgrass mitigation area – Eelgrass density through monitoring period   
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The SCEMP allows for some degree of flexibility in offsetting eelgrass density criterion shortfalls 
with increased eelgrass area within the mitigation site.  Specifically, SCEMP, Revision 8 (applicable 
version to the issued permit) provides as follows: 
 

Should the required eelgrass transplant fail to meet the established criteria, then a 
Supplementary Transplant Area (STA) shall be constructed, if necessary, and 
planted.  The size of this STA shall be determined by the following formula: 
 
 STA = MTA x (|At + Dt| - |Ac + Dc|)  
 
MTA = mitigation transplant area. 
At = transplant deficiency or excess in area of coverage criterion (%). 
Dt = transplant deficiency in density criterion (%). 
Ac = natural decline in area of control (%). 
Dc = natural decline in density of control (%). 
 
Three conditions apply: 
1) For years 2-5, an excess of only up to 30% in area of coverage over the 

stated criterion with a density of at least 60% as compared to the control 
area may be used to offset any deficiencies in the density criterion. 

2) Densities which exceed any of the stated criteria shall not be used to offset 
any deficiencies in area of coverage. 

3) Any required STA must be initiated within 120 days following the monitoring 
event that identifies a deficiency in meeting the success criteria.  Any delays 
beyond 120 days in the implementation of the STA shall be subject to the 
penalties as described in Section 7. 

 
The mitigation plan was designed to over-plant, with the expectation that some decline would occur 
at the deeper site, which was less than optimal for eelgrass establishment or vigorous expansion.  As 
a result, there already exists a built in residual eelgrass area that provides a significant surplus beyond 
that required on an aerial coverage basis.  This residual eelgrass may be used as an STA for 
compensation of density shortfalls under the Supplemental Transplant Area formula presented above. 
 
Table 1 presents the variable values and calculated STA requirements to compensate for eelgrass 
density shortfalls in the transplant sites.  In addition, the table presents the residual eelgrass available 
in the transplant sites after subtracting out the required mitigation area.  Where the residual eelgrass 
exceeds the STA, then the required mitigation area already exists to cover density shortfalls. 
 
Table 1.  Supplemental Transplant Area (STA) variables and calculations.  

Monitoring Interval At* Dt Ac Dc STA (m2) Residual Eelgrass (m2)
24-mo 0.3 0.81 -0.16 -0.20 60 119 
36-mo 0.15 0.67 -0.16 0.25 59 12 
48-mo 0.3 0.34 0.06 -0.12 47 80 
60-mo 0.3 0.57 -0.07 -0.09 57 255 

*At  is capped for purposes of calculation at a maximum value of 30%. 
 
From Table 1, it is clear that a surplus of eelgrass in the transplant sites existed for three of the past 
four years that adequately offsets density shortages in the mitigation area in accordance with the 
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formulaic analyses for STAs under SCEMP.   The singular shortfall in residual eelgrass to cover STA 
requirements occurred during the 36-month monitoring interval when the offshore transplant site 
suffered a significant decline in shoot density, while the debris removal transplant site suffered a 
decline in area, but not density.  In fact, the debris removal transplant site density exceeded that of 
the control site (Figure 4).   
 
The oversizing of the mitigation area at the time of initial implementation has resulted in the initial 
transplant achieving the mitigation requirements of the SCEMP by pre-incorporation of an STA.  As 
a result of the residual planting, the mitigation site has achieved the mitigation requirements of the 
SCEMP and no further actions are required at this time. 
 
The SCEMP Monitoring and Compliance Reporting Summary Form is attached to this report. 
 
If you have any questions or need additional information, please do not hesitate to contact us at (858) 
560-5465.  We appreciate the opportunity to have provided these services to you and we hope we 
may be of assistance in the future. 
 
Sincerely, 
 
 
 
Mary Tamburro  
Associate Biologist 
 
 
 
Keith Merkel 
Principal Consultant 
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Southern California Eelgrass Mitigation Policy 
Monitoring and Compliance Reporting Summary 

(to be submitted with each monitoring report) 
 

PERMITTEE CONTACT INFORMATION: 
 

 
Project Name (same as permit reference):  Pier Renovation and Replacement 
  U.S. Coast Guard Sector San Diego, California 
 

 
Permittee Information 
 

Name U.S. Coast Guard, Civil 
Engineering Unit, Oakland Address 2000 Embarcadero 

Suite 200 
Contact Name Mr. Dave Stalters City, State, Zip Oakland CA 94606-5337 

Phone 510-535-7237 Fax 510-535-7288 
Email dstalters@d11.uscg.mil  

 
Mitigation Consultant 
 

Name Merkel & Associates, Inc. Address 5434 Ruffin Rd. 
Contact Name Keith Merkel City, State, Zip San Diego, CA 92123 

Phone 858-560-5465 Fax 858-560-7779 
Email kmerkel@merkelinc.com  

 
PERMIT DATA: 
 

Permit Issuance Date Expiration Date Agency Contact 
ACOE:    
CDP:    
Other:    

 
EELGRASS IMPACT AND MITIGATION REQUIREMENTS SUMMARY: 
 

Permitted Eelgrass Impact Estimate (m2): 0 

Actual Eelgrass Impact (m2): 67 On (post-construction date): April 2004 

Eelgrass Mitigation Requirement (m2): 80 Mitigation Plan 
Reference: 

Merkel & Associates, 
May 2004 

Impact Site Location: U.S. Coast Guard Sector San Diego, 2710 N. 
Harbor Dr., San Diego, California 

Impact Site Center Coordinates (projection & datum): 482,949.52, 3,620,901.41  UTM, Zone 11, NAD 83 
meters 

Mitigation Site Location: U.S. Coast Guard Sector San Diego, 2710 N. 
Harbor Dr., San Diego, California 

Mitigation Site Center Coordinates (projection & datum): 
Debris Removal 483,076.20, 3,620,879.72 
Offshore 482,616.94, 3,620,829.43  UTM, Zone 11, 
NAD 83 meters 



PROJECT ACTIVITY DATA: 
 

Activity Start Date End Date Reference Information 

Eelgrass Impact April 2004 April 2004 Merkel & Associates, May 2004 

Installation of Eelgrass Mitigation Nov. 23, 2004 Nov. 24, 2004 Merkel & Associates, Dec. 2004 

Initiation of Mitigation Monitoring March 2005 Nov. 2, 2009 Merkel & Associates, Nov. 2009 

 
MITIGATION STATUS DATA: 
 

 Mitigation 
Milestone 

Scheduled 
Survey Survey Date Area 

(m2) 
Density 

(turions/m2) Reference Information 

M
on

th
 

0 Nov. 2004  Nov. 23-24, 2004 750 NA Merkel & Associates, Dec 2004 

3 Feb. 2005 March 8, 2005 213 99±31, 73±24 Merkel & Associates, March 2005 

6 May 2005 May 10, 2005 280 139±35, 
141±34 Merkel & Associates, May 2005 

24 Nov. 2006 October 16, 2006 199 195±41, 
175±45 Merkel & Associates, Nov. 2006 

36 Nov. 2007 Sept 26, 2007 92 157±60, 
 42±28 Merkel & Associates, Oct. 2007 

48 Nov. 2008 October 10, 2008 160 92.2±34.4, 
 43.2±29.3 Merkel & Associates, Oct. 2008 

60 Nov. 2009 October 15, 2009 335 67.2±49.9, 
 163.2±127.9 Merkel & Associates, Nov. 2009 

 
FINAL ASSESSMENT: 
 

Was mitigation met? 

Yes.  Although mean eelgrass density of the transplant 
area failed to achieve that of the control site, variance 
terms for shoot density overlapped  between transplant 
and the control site.  Further, the mitigation was achieved 
through consideration of the surplus eelgrass transplant 
area and achievement of SCEMP requirements following 
application of the Supplemental Transplant Area (STA) 
calculations. 

Were mitigation and monitoring performed 
timely? 

Generally.  All monitoring was performed on a timely 
basis except for the 12-month survey.  During late 2005 
no eelgrass was found at the control site and the 
mitigation sites.  No report was prepared at this time, as a 
full survey was not completed.  Similar large-scale die-off 
of eelgrass was observed elsewhere in both northern and 
southern parts of the Bay during 2005. 

Was delay penalty required or were 
supplemental mitigation programs necessary? 

No delay penalty was required.  A supplemental 
transplant was not required due to the initial over sizing of 
the mitigation areas.  The residual eelgrass planted at the 
time of the initial restoration effort was used to meet the 
overall mitigation needs due to a shortfall in eelgrass bed 
density when compared to the control site. 

 




