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INTRODUCTION 

 A six-month progress survey was conducted on 30 October 2012 for an 

eelgrass (Zostera marina) transplant conducted in Cerritos Bahia Marina in Alamitos 

Bay between 25 and 29 June 2012. The site is located at 6289 East Pacific Coast 

Highway in Long Beach, California (Figure 1). The transplant was to offset adverse 

impacts to existing eelgrass habitats from a dredge project conducted at the marina 

under Army Corps Permit No. SPL-2009-00408-KW.  

 

FIGURE 1. MAP OF BAHIA MARINA MITIGATION AND REFERENCE SITES. 

 The mitigation eelgrass transplant and monitoring program followed closely 

the protocols described in the Southern California Eelgrass Mitigation Policy adopted 

by National Marine Fisheries Service (NMFS) in 1991, with later suggested 
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revisions. The work was conducted for the Cerritos Bahia Marina under a contract 

from Tetra Tech, Inc. (Tetra Tech). 

BACKGROUND 

 The eelgrass mitigation project was completed under an Eelgrass Survey and 

Draft Mitigation Plan for the Cerritos Bahia Marina originally submitted in November 

2008 and updated in the Final Mitigation Plan submitted in May 2012 (Tetra Tech 

2008, 2012). As detailed in the mitigation plan, an area of about 3.9 acres was 

dredged to deepen water near the slips where sediment had filled in, thereby 

creating a hazard to navigation. The dredging impacted shallow water habitat and 

eelgrass meadows in the marina. A pre-dredge survey was conducted on August 2 

and 4, 2010. The mitigation plan, as suggested in the SCEMP, proposed that 

mitigation be conducted onsite which necessitated waiting for the dredge to finish 

any work in the area. To insure success of the transplants, the dredging was limited 

to -6 ft Mean Lower Low Water (MLLW) and some areas with existing eelgrass were 

avoided altogether where that could be done without affecting the navigation of 

vessels into and out of the fairways. Following dredging, which began on 10 January 

2012 and finished on 15 March 2012, a pre-transplant survey was conducted by 

Tetra Tech on 6 and 9 April 2012 (Tetra Tech 2012). Although four fairways with 

eelgrass were dredged, eelgrass did not cover 100% of the area in the fairways as 

shown in the April 2012 report on the existing beds (Tetra Tech 2012). Tetra Tech 

determined the loss of eelgrass due to the dredging project by comparing the pre-

dredge survey to the post-dredge eelgrass coverage. Then appropriate mitigation 

areas in the fairways between the slips were determined in which a mitigation 

transplant could be accepted that was at least 20% larger than the loss of eelgrass 

would dictate was needed (as required by the NMFS directive). A comparison of the 

two surveys indicated that 1,345.3 m
2
 of eelgrass coverage was actually impacted by 

the dredge project. The required mitigation for this loss of this amount of eelgrass at 

a ratio of 1.2 to 1 was 1,614.4 m
2
; however, as suggested by the SCEMP, an area at 

least 20% larger than the requirement (1.614 m
2
) was prepared to allow for planting 

losses and other contingencies that could affect the fate of the eelgrass bed.  

TRANSPLANT 

Based on the pre-transplant survey, the site was prepared for transplant on 24 May 

2012, within the regulatory window of 135 days after the initiation of dredging of the 

marina. In accordance with the requirement in the Southern California Eelgrass 

Mitigation Policy (NMFS 1991) donor sites were selected and inspected by MBC 

biologist-divers on 24 May 2012 and were determined to be capable of supporting 

the transplant. A permit to harvest at the donor sites and transplant eelgrass to the 

Cerritos Bahia Marina in Alamitos Bay was requested on 25 May 2012 and received 

on 22 June 2012 from the California Department of Fish and Game, Wildlife 

Protection and Marine Resources Division. Notification of eelgrass harvesting and 
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transplanting activities was given for the week of 25 June through 29 June 2012. As 

there was more than enough open area in the fairways to provide sufficient eelgrass 

to compensate for eelgrass lost and provide a contingency reserve, only three of the 

four fairways were prepared for the mitigation transplant (Figure 2). The upper limit 

(shallowest portion) of the transplant area was approximately -6 ft Mean Lower Low 

Water (MLLW) and the lower limit (deepest) was -8 ft MLLW. Because of the existing 

 

 

FIGURE 2. MAP OF EELGRASS MITIGATION SITE SHOWING SURVEY TRANSECTS 

patches of native eelgrass observed during the 6 and 9 April 2012 survey (Tetra 

Tech 2012), it was necessary to demarcate transplant sites larger than the planned 

transplant (Figure 2). The three transplant areas used were demarcated with tape 

measures to precisely locate the transplant areas and for ease in relocating the 

mitigation eelgrass beds for subsequent surveys. The latitude and longitude of the 

perimeter of the transplant site was taken with Satellite Global Positioning System 

(GPS) electronic navigation units accurate to +/- 3 m. The area was delineated and 

GPS locations recorded at the corners (Table 1). Vertical control (depth) was in 

(MLLW. and was measured in meters. All data taken were recorded on an 

appropriate site map (Figure 2).  

Eelgrass was harvested by biologist-divers, carefully washed free of sediment, 

returned to the eelgrass bundle fabrication site and transplanted back into the 

fairways utilizing the sediment-free bundling method described by Fonseca et al. 

(1982), as modified in Curtis 1991 (MBC 2012). Although the plan was for a 
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minimum total of 1,884 bundles of eelgrass turions, over a period of five days from 

25 June through 29 June 2012, a total of 2,084 bundles was actually fabricated and 

placed into the prepared transplant area, thereby increasing the area coverage to 

2,084 m
2 

(22,424 ft
2
) (Table 2). In total, three fairways (C-E, E-F, and F-G) with 

demarcated areas totaling approximately 2,544 m
2
 (27,373 ft

2
) were used for the 

transplant (Figure 2); however, approximately 181 m
2
 (about 1,948 ft

2
) of the three 

areas had existing native eelgrass and 279 m
2
 of Fairway C-E was not planted. The 

existence of native eelgrass recruiting to the dredged sites would appear to indicate 

that the new depth of the previously dredged areas remained viable for the 

transplant. The total area transplanted with eelgrass was 2,544 m
2
 minus the 181 m

2
 

of existing eelgrass and minus the 279 m
2
 not planted, equal to a total planted area 

of 2,084 m
2
 (Table 2).  

TABLE 1. CERRITOS MARINA EELGRASS FAIRWAY TRANSPLANT LOCATIONS 

Station                             Latitude Longitude 

Slip C-E NE 34°45.899' 118°06.888' 

Slip C-E NW 34°45.894' 118°06.894' 

Slip C-E SE 34°45.879' 118°06.868' 

Slip C-E SW 34°45.874' 118°06.874' 

Slip E-F NE 34°45.911' 118°06.872' 

Slip E-F NW 34°45.906' 118°06.879' 

Slip E-F SE 34°45.883' 118°06.838' 

Slip E-F SW 34°45.877' 118°06.844' 

Slip F-G NE 34°45.926' 118°06.854' 

Slip F-G NW 34°45.920' 118°06.861' 

Slip F-G SE 34°45.906' 118°06.831' 

Slip F-G SW 34°45.900' 118°06.838' 

 

METHODS 

On 30 October 2012, the mitigation eelgrass bed at Cerritos Bahia Marina was 

resurveyed to determine the progress the restoration project was making towards 
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achieving its mitigation goals. In order to determine the eelgrass coverage that 

remained at each of the three mitigation sites, the GPS locations for the corners of 

the three roughly rectangular areas were located with a GPS and marked with buoys 

(Table 1). Tape measures were then placed across each of the shorter sides of the 

rectangles (12 to 15 m), and one tape measure was stretched from the north inshore 

corner of the rectangle to the north offshore corner (50 to 75 m).  

Eelgrass was surveyed along the long leg of the rectangle following the tape 

measure transect line starting at the zero mark on each of the two end tape 

measures. Using slates and pencils and the biologist-divers location along the tape 

measure, the presence of eelgrass and absence of eelgrass was recorded along the 

transect line. Following each transect, the transect line was moved 3 m on both ends 

and the survey was repeated along a total of six transects for each of the three 

fairways with methodology differing only in respect to the distance of each of the 

transect lines. Visibility was very good at 2 to 3 m; therefore each transect 

represented a swath of at least 4 m.   

TABLE 2. MITIGATION AND REFERENCE BED TURION DENSITIES AND COVERAGE PER 50-M 

TRANSECT, SIX-MONTHS POST TRANSPLANT. 

Transplant

Survey 

 

Required 

Mitigation 

bed area 

coverage 

(m
2
) 

(actual) 

% 

Coverage 

required 

transplant

area 

% 

Coverage 

in 

reference 

area of 

50-m 

transects 

Mitigation 

bed 

turion 

density 

(m
2
) 

N=20 

Reference 

bed 

turion 

density 

(m
2
) 

N=20 

Mitigation 

bed as a % 

of reference 

bed density 

Transplant 

29 June 

2012 

1,615  

(2,084) 

129% 32.4% 12.5 334 3.7 

6-M Survey 

30 October 

2012 

1,615  

(1,898) 

117% 33.0% 82 230.4 35.6 

 

SIX-MONTH SURVEY 

Three mitigation areas in the fairways at Cerritos Bahia Marina were prepared and 

transplanted between 25 and 29 June 2012. The six-month post transplant survey 

determined the amount and density of eelgrass present in each of the three fairways 

to measure their progress towards a successful transplant.  

Fairway C-E previously supported 862.8 m
2
 of eelgrass of which 52 m

2
 was not 

within the dredge footprint. The dredging removed 601.7 m
2
 of eelgrass. The area 
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prepared for mitigation was 50 m long by 12 m wide at the base and 15 m wide at 

the top of the rectangle. The 12-m wide base became 15 m wide 27 m from the base 

resulting in a total area of 669 m
2
 encompassed by the latitude and longitude 

coordinates. The mitigation area prepared encompassed about 91 m
2
 that was 

previously vegetated at the time of the transplant (Table 3). However, as mentioned 

91 m
2
 was already vegetated at the onset of the mitigation project and the total 

transplant into Fairway C-E was 299 m
2
, while 279 m

2
 of the area encompassed 

remained unvegetated (Table 3, Figure 2). Two hundred of the turion bundles were 

placed into the area measuring 27 m by 12 m (324 m
2
), and the remaining 99 were 

intermingled between the native eelgrass in the 23 by 15 m (345 m
2
) area of 

remaining eelgrass. The five 50-m transects and the one 23 m transect in Fairway C-

E determined that within the entire demarcated area there existed 568 m
2
 of 

eelgrass and only 101 m
2
 was unvegetated. Because 91 m

2
 previously was found in 

the area, the results show an increase from the 299 m
2
 transplanted to 424 m

2
 of 

eelgrass, an increase of almost 42%. 

Fairway E-F previously supported 559 m
2
 of eelgrass of which 7.4 m

2
 was not within 

the dredge footprint. The dredging removed all but 80.3 m
2
 of eelgrass. The 

mitigation area prepared avoided most of the 80.3 m
2
 of remaining eelgrass which 

was outside of the prepared mitigation site and only encompassed about 15 m
2
 that 

was previously vegetated at the time of the transplant. Therefore, the total for 

Fairway E-F was 1,110 m
2
 of area transplanted with eelgrass (Table 3, Figure 2). 

The six 75-m transects in Fairway E-F determined that within the entire demarcated 

area there existed 948 m
2
 of eelgrass and that 177 m

2
 was unvegetated. Because 

15 m
2
 previously was found in the area, the results show a decrease from the 1,110 

m
2
 transplanted to 933 m

2
 of eelgrass. This is a decrease of 16% from that 

transplanted. 

Fairway F-G previously supported 23 m
2
 (20.1 m

2
 within the dredge footprint) of 

eelgrass; however, the area outside of the footprint increased to 144.1 m
2
 of 

eelgrass. The area prepared for mitigation encompassed by the latitude and 

longitude coordinates was 50 m long by 15 m wide at the base and 15 m wide at the 

top of the rectangle resulting in a total area of 750 m
2
. The mitigation area 

encompassed 75 m
2
 of existing eelgrass in Fairway F-G at the time of the transplant. 

Therefore only 675 m
2
 was transplanted with eelgrass (Table 3, Figure 4). The six 

50-m transects in Fairway F-G determined that within the entire demarcated area 

there existed 616 m
2
 of eelgrass and that 134 m

2
 was unvegetated. Because 75 m

2
 

previously was found in the area, the results show a decrease from the 675 m
2
 

transplanted to 541 m
2
 of eelgrass. This is a decrease of about 20% from that 

transplanted.  

Overall in the three fairways, there was a decrease of about 9% of the eelgrass 

transplanted. Although there are no minimum requirements at six-months post 

transplant, the amount of eelgrass transplanted (2,084 m
2
) and the amount of 
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eelgrass still viable at six months post transplant (1,898 m
2
) far exceeded (117%) the 

minimum requirements (1,615 m
2
) at one-year post transplant. 

TABLE 3. EELGRASS COVERAGE IN MITIGATION PROJECT FAIRWAYS, SIX-MONTHS POST 

TRANSPLANT. 

Survey 

Parameter 

Eelgrass 

Fairway 

C-E (m
2
) 

Eelgrass 

Fairway 

E-F (m
2
) 

Eelgrass 

Fairway 

 F-G (m
2
) 

Eelgrass 

Totals 

(m
2
) 

Percent 

Increase/(Decrease)  

Eelgrass 

Mitigation 

Area 

Prepared 

669 1,125 750 2,544 NA 

Area W/O 

Native 

Eelgrass 

669-91= 

578 

1,125-

15= 

1,110 

  750-

75= 

675 

2,544-

181 

= 2,363 

NA 

Transplant     

6/25-

29/2012 

299 1,110 675 2,084 NA 

6-Month  

Survey + 

(Native)  

10/30/12 

424 

(515) 

933 

(948) 

541 

(616) 

 

1,898 

(2,079) 

9% 

 

 

Overall in the three fairways, there was a decrease of about 9% of the eelgrass 

transplanted. Although there are no minimum requirements at six-months post 

transplant, the amount of eelgrass transplanted (2,084 m
2
) and the amount of 

eelgrass still viable at six months post transplant (1,898 m
2
) far exceeded (117%) the 

minimum requirements (1,615 m
2
) at one-year post transplant. 

The density of the transplant site had increased greatly; it was not possible to 

determine the exact location of the planted turion bundles as they had coalesced 

with each other. Eelgrass turions in a total of 20 quadrats 0.125 m
2
 in size were 

counted (Table 4). Eelgrass turion densities ranged from 6 to 17 turions per 0.125 m
2 

or 48 to 136 per m
2 

and averaged 82 per m
2
. The results indicate that the past four 

months (survey conducted early because of the closure during November to 

February) at the site had been favorable for the transplanted eelgrass bed with the 

densities increasing from planting densities of 12.5 to 82 per m
2
.
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CONTROL/REFERENCE SITE  

General selection criteria for a reference (control) bed(s) are based on the proximity 

to the transplant site, similar tidal level, and similar exposure to environmental 

factors such as current, temperature, and sediment regime. On 24 May 2012, MBC 

and Tetra Tech agreed that the Jack Dunster Marine Biological Reserve would serve 

as a adequate control site (Tetra Tech 2012, Figure 3). A survey was conducted at 

the site for coverage along four fixed 50-m transects to determine onshore and 

offshore edges, while eelgrass densities were taken within 20 randomly placed 0.125 

m
2
 quadrats. Coverage along the four transects ranged from 12 to 22 m per 50-m 

transect and averaged 16.5 m or 33% of each transect (Table 2, Appendix A). 

Density in the control bed ranged from 13 to 59 turions per 0.125 m
2
 and averaged 

28.8 turions per 0.125 m
2
 or 230.4 per m

2
 (Table 2, Appendix A).  Eelgrass grew 

from -10.3 ft MLLW to as shallow as -5 ft MLLW. 

  

 

FIGURE 3. REFERENCE EELGRASS BED WITH 50-M TRANSECTS DEPICTED. 

POST-TRANSPLANT MONITORING AND SUCCESS PLAN 

Based on the success criteria in the SCEMP, the transplant is well on the way to 

meeting the first year success criteria. At four-months post transplant it already 

exceeds the first year requirement of 70% coverage with a coverage of 117% of the 
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required amount, and density at four months (35.6% of the control bed) exceeds the 

first year requirement of 30% of the control. 

The remaining required monitoring and reporting at 12 months, and yearly thereafter 

through 84 months will be conducted to ascertain that success requirements are 

met. Success criteria for the transplantation will be based on "comparison of 

vegetation coverage (area) and density (turions per square meter) between the 

project and mitigation sites" (NMFS 1991). The "extent of vegetated cover is defined 

as that area where eelgrass is present and where gaps in coverage are less than 

one meter between individual turions per area present in representative samples 

within the control or transplant bed." The criteria are defined by time following 

completion of transplantation as listed below. 

 • A minimum of 70% areal coverage and 30% density after the first year. 

 • A minimum of 85% areal coverage and 70% density after the second 

year. 

 • A sustained 100% areal coverage and 85% density for the third, 

fourth, and fifth years. 

If the transplanted area does not meet these criteria, then an additional area 

(Supplemental Transplant Area) will be planted. This will be based on the amount of 

area deficient from that required and will follow the formula: 

STA = MTA x ([A t + D t] - [A c + D c]) 

Where MTA = Mitigation Transplant Area 

A t  = Transplant Deficiency or excess in area of coverage criterion (%) 

D t = Transplant deficiency in density criterion (%) 

A c = Natural decline in areas of control (%) 

D c  = Natural decline in density of control (%) 

A transplant monitoring report will document the amount of areal coverage and 

density of the transplant bed. Similar data will be collected on the control bed to 

ensure that any area-wide perturbations are considered when reporting on the 

success of the transplant. The report will be delivered within 60 days, a period of 

time necessary to allow adequate time to ensure the highest quality of the electronic 

mapping and report production. 
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DISCUSSION 

The eelgrass transplant was successfully concluded on 29 June 2012. The first 

survey to determine its direction for success was conducted on 30 October 2012. A 

precise measure of success necessitated measuring all eelgrass in the three 

transplanted mitigation areas using the prepared transplant area templates which 

total an area of 2,544 m
2
. However, there exists 181 m

2 
of eelgrass within those 

boundaries, so the actual area available for the transplant was 2,363 m
2
 To be 

successful at the end of five years of monitoring, these three areas should total a 

minimum of 1,615 m
2 

of eelgrass plus 181 m
2
 of the previously existing eelgrass for 

a total of 1,796 m
2
 within the confines of the prepared mitigation areas. At four-

months post transplant, these three areas had coverage of 1,898 m
2
 of transplanted 

eelgrass plus 181 m
2
 of previously existing eelgrass for a total of 2,079 m

2
 of 

eelgrass coverage or a little over 15% more eelgrass than would be required at the 

end of five years. 

Eelgrass did not appear to perform equally well in all three fairways; however, that is 

more a product of the mitigation plan than an actual performance difference. The 

plan was to prepare the three sites and to resample those same sites as proscribed 

intervals. As the transplant area for Fairway C-E was actually larger than the 

planned transplant, eelgrass was planted in a remaining portion of the area at 

densities lower than recommended. Although that was a gamble, the target 

transplant had already been reached, so the extra 100 turion bundles were used 

judiciously throughout the remaining 279 m
2 

of prepared area. The last four months 

during the height of the growing season resulted in large increases, so the 299 m
2
 

transplanted actually grew to 424 m
2
 over the ensuing period. There were losses in 

Fairway C-E commensurate with the other two fairways, but the loss in Fairway C-E 

was masked by the rapid increase in other available portions of that area. The 

remaining two fairways were transplanted into every available area, so increases 

over that amount were not possible; therefore, the loss of 16% of Fairway E-F and 

20% of Fairway F-G were compensated for by the fact that the initial transplant was 

40% larger than required. It is typical to lose a small percentage of the transplant site 

during the first few months due to transplant shock, but growth from the remaining 

eelgrass usually compensates for this loss by the end of the first year. Although the 

close confines of the fairways may result in a small loss of eelgrass during the 

coming years, it is expected that the eelgrass transplant will attain the goals as 

outlined in the SCEMP as detailed previously. All required eelgrass parameters for 

the SCEMP are described herein and summarized in the Monitoring and Compliance 

Reporting Summary in Appendix B. 
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APPENDIX A 

Cerritos Bahia Marina Eelgrass Turion Densities and Coverage 

   



Cerritos Bahia Marina Eelgrass Mitigation and Control Site
Six Month Survey Report

30-Oct-12
Mitigation Site

Reference Site Turion Densities 0.125 m square
9 7 12 6 7
9 7 13 6 8
9 12 11 10 16

17 14 12 8 12
Total per 0.125 m2 10.25
Total per m2 82

Jack Dunster Marine Biological Reserve 30-Oct-12
Reference Site

Reference Site Turion Densities 0.125 m square
16 24 17 13 21
17 16 23 24 30
23 39 21 31 36
50 39 33 59 44

Total per 0.125 m2 28.80
Total per m2 230.4

Jack Dunster Marine Biological Reserve 30-Oct-12
Eelgrass Coverage per 50-m Transect Reference Site
Transect Location Coverage m Percent

T-1 2 West 12 24%

T-2 3 East 16 32%

T-3 6 East 16 32%

T-4 9 East 22 44%

Average 16.5 33%

Appendix A



 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX B 

Monitoring and Compliance Reporting Summary 



Southern California Eelgrass Mitigation Policy
Monitoring and Complaince Reporting Summary

PERMIT DATA:
Permit (Type, Number) Issuance Date Expiration Date
ACOE: SPL‐2009‐00408‐KW 1/19/2010 3/15/2012

CDP: Local CDP 0909‐136 10/25/2009

Other: RWQCB File No. 09‐164 12/10/2009 3/14/2012

EELGRASS IMPACT AND MITIGATION REQUIREMENTS SUMMARY:
Permitted Eelgrass Impact Estimate  2,864 (m2)

Actual Eelgrass Impact 1.345.3 (m2)

Eelgrass Mitigation Requirement 1614.4 (m2)

Impact Site Location

Impact Site Center Coordinates

Mitigation Site Location

Mitigation Site Center Location

PERMITTEE CONTACT INFORMATION:
Project Name

Permittee Information

Mitigation Consultant

PROJECT ACTIVITY DATA:
Activity Start Date End Date

Eelgrass Impact 1/10/2012 3/14/2012

Installation of Eelgrass Mitigation 5/24/2012 6/29/2012

Initiation of Mitigation Monitoring 6/29/2012 6/29/2019

MITIGATION STATUS DATA:
Reference 
Info.

Mitigation Milestone Scheduled Survey Survey Date Area (m2) Density (turions/m2)

Density 

(turions/m2)

Requirement 1,615 16 yr‐1 to 46 yr‐3

0‐month 29 June 2012 29 June 2012 2,084 12.5 334

6‐month 15 March 2013 30 October 2012 1,898 82 230

12‐month 15 June 2013

24‐month 15 June 2014

36‐month 15 June 2015

48‐month 15 June 2016

60‐month 15 June 2017

72‐month 15 June 2018

84‐month 15 June 2019

17609 White Marble Drive                                                                                        (mailing address)

Monument, CO 80132                                                                                                         (city, state, zip)

Rafe Holcombe, Tetra Tech, Inc.                                                                         (permittee contact)

Ph. (626)255‐1924; fax: (562) 495‐5029; e‐mail: Rafael.Holcombe@tetratech.com       (phone, fax, e‐mail)

Sarah McFadden: Mike Curtis, MBC mcurtis@mbcnet.net; 714‐850‐4830      (consultant contact)

Ph. (626)945‐1456; fax: (562)495‐5029; Sarah.McFadden@tetratech.com     (phone, fax, e‐mail)

Reference Info.

33o 45' 53.76" N; 118o 06' 50.49  W                                                              (define projection and datum)

Maintenance Dredging Cerriots Bahia Marina                                     (same as permit ref.)

Forrest Hindley, Cerritos Bahia Marina                                                             (permittee name)

Agency Contact

Derek Burnham, LB Planning

Kenneth Wong, LA District

Cerritos Bahia Marina, Alamitos Bay, Long Beach, Ca 90803                                                  (location)

Michael Lyons, LA Region

4/4/12 to 4/16/12                                                               (post‐const. survey date)

Eelgrass Survey Mitigation Plan‐ Cerritos Bahia Marina, Long Beach, Ca 2012, Tetra Tech

Cerritos Bahia Marina, Alamitos Bay, Long Beach, Ca 90803                                                   (location)

33o 45' 53.76" N; 118o 06' 50.49  W                                                             (define projection and datum)
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