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Appendix V ς Marsh Habitat Summary Data 
             Target Habitat 

Site ID 
River 
Arm 

Year of 
Compen-
sation 

Marsh 
Design 

Mudflat 
Present 

Riprap 
Fore-
shore 

Riprap 
Erosion 

Log Debris 
protection 

Eroded 
Edge 

Waterfowl 
Grazing 
Evidence 
Observed 

Area 
Sampled 
(sqm) 

Area 
Target 
Habitat 
(sqm) 

Proportion 
Target 
Habitat 
Established  

Log 
Debris 
% 
Cover ± 
95% CI 

% Bare 
Ground 
± 95% 
CI 

Max Stem 
Height 
Carex 
lyngbyei ± 
95% CI 

Relative 
% Cover 
Exotic 

Relative 
% Cover 
Invasive 

Relative 
% Cover 
Native 

Relative % 
Cover 
Threatened 

Relative 
% Cover 
Unknown 

Site 
Wetland 
Indicator 
Status 

01-003-B North 1991 Embayment Y Y N None N/A Y 248.0 173.0 28 19 ± 3 4 ± 9 86 ± 47 6.0 8.0 76.0 0.0 10.0 1.4 

01-008 North 2003 
Protruding 
DS N Y N Log boom N/A N 2269.8 2269.8 100 1 ± 2 24 ± 12 N/A 6.0 7.0 84.0 1.0 1.0 1.3 

02-001 North 1988 In-line Y N N None N Y 15685.1 10824.3 70 3 ± 3 9 ± 5 98 ± 7 28.0 13.0 59.0 0.0 0.0 1.4 

02-002 North 1989 Embayment N Y N None N/A Y 596.3 596.3 94 10 ± 9 17 ± 10 97 ± 10 13.0 7.0 76.0 0.0 3.0 1.2 

02-003-A North 1992 In-line N Y N Log boom N/A N 5274.5 5274.5 100 0 ± 0 10 ± 7 106 ± 17 16.0 10.0 69.0 0.0 5.0 1.2 

02-003-B North 1992 In-line Y Y N Log boom N/A Y 3885.1 3400.3 100 1 ± 2 38 ± 15 
128 ± 
25.4 8.0 33.0 58.0 0.0 1.0 1.2 

02-005-A North 1993 Protruding Y Y N Log boom N/A N 304.6 249.0 74 0 ± 0 9 ± 8 108 ± 21 49.0 3.0 47.0 0.0 1.0 1.8 

02-005-B North 1993 Protruding Y Y N Log boom N/A N 337.3 63.3 74 0 ± 0 17 ± 10 93 ± 18 30.6 1.8 66.2 0.6 0.8 1.5 

02-005-C North 1993 Protruding Y Y N Log boom N/A N 555.6 323.1 74 0 ± 0 34 ± 8 N/A 20.1 5.0 73.9 0.3 0.7 1.0 

02-005-D North 1993 Protruding Y Y N Log boom N/A N 194.0 167.6 74 0 ± 0 15 ± 17 63 ± N/A 49.8 16.7 31.5 0.3 1.8 1.8 

02-005-E North 1993 
protruding 
DS N Y N Log boom N/A N 327.2 327.2 74 0 ± 0 5 ± 6 111 ± 8 32.0 0.4 67.2 0.1 0.3 1.5 

02-007-A North 1993 Embayment Y Y Y None N/A Y 1380.0 997.0 67 0 ± 0 2 ± 2 96 ± 16 28.3 4.5 57.5 0.5 9.2 1.7 

02-007-B North 1993 Embayment Y Y Y None N/A Y 590.0 481.0 67 1 ± 2 4 ± 3 73 ± 4 11.2 9.0 69.7 0.6 9.4 1.8 

02-007-C North 1993 Embayment Y Y Y None N/A Y 1764.0 1202.0 67 0 ± 0 7 ± 19 78 ± 16 31.1 4.4 62.8 0.0 1.7 1.6 

02-009 North 2001 In-line Y N N/A None N N 1084.9 392.5 28 6 ± 13 6 ± 8 96 ± N/A 6.4 7.7 80.6 0.3 5.0 1.8 

02-014 North 2008 In-line N Y Y None N/A N 1651.4 1651.4 100 13 ± 11 25 ± 9 134 ± N/A 0.7 74.7 23.3 0.2 1.1 1.1 

03-002 North 1989 Embayment Y N/A N/A None N N 4601.1 789.1 19 0 ± 0 13 ± 25 N/A 3.6 0.0 94.5 0.4 1.5 1.0 

03-003 North 1992 In-line Y Y N Marina N/A N 933.6 654.4 97 0 ± 0 6 ± 5 115 ± N/A 5.6 7.8 84.3 1.8 0.5 2.0 

03-004 North 1994 inland N N/A N/A 
Lattice 
Fence N/A N 5714.5 5714.5 100 0 ± 0 34 ± 8 147 ± N/A 2.2 75.0 22.3 0.0 0.4 1.0 

03-006 North 1998 In-line N Y N Log boom N/A Y 353.0 353.0 40 2 ± 3 3 ± 7 102 ± 5 0.6 1.5 97.5 0.0 0.4 1.6 

04-001 North 1990 
Protruding 
US N Y N None N/A Y 3060.2 3060.2 88 0 ± 0 13 ± 12 N/A 0.0 0.0 100.0 0.0 0.0 1.2 
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04-005 North 2007 
Protruding 
DS N Y N None N/A N 494.3 494.3 100 0 ± 0 3 ± 2 91 ± 32 0.3 3.9 95.8 0.0 0.0 1.0 

05-001 North 1991 Protruding N Y N None N/A Y 107.1 107.1 100 1 ± 1 2 ± 2 89 ± 6 2.9 1.4 93.1 0.2 2.3 1.6 

09-001-A South 1990 Protruding N Y N None N/A N 3100.0 3100.0 100 3 ± 3 24 ± 14 161 ± 26 6.8 43.3 48.8 0.0 1.1 1.6 

09-001-B South 1990 Protruding N Y N None N/A N 1678.1 1678.1 100 2 ± 3 7 ± 5 134 ± 15 13.1 50.4 33.3 0.1 3.2 1.7 

09-002-A South 1989 Embayment N Y N None N/A N 649.0 649.0 54 0 ± 0 3 ± 4 102 ± 11 1.6 4.0 94.4 0.0 0.0 1.9 

09-002-B South 1989 Embayment N Y N None N/A N 258.2 258.2 54 0 ± 0 8 ± 9 98 ± 10 0.8 0.0 98.5 0.0 0.7 1.3 

09-004 South 1990 Protruding N Y N Marina N/A N 899.0 899.0 100 0 ± 0 10 ± 10 151 ± 9 11.7 23.5 63.2 0.1 1.6 1.4 

09-008-A South 1991 In-line Y Wall N/A Marina N/A N 254.0 220.5 52 0 ± 0 4 ± 6 137 ± 37 21.7 49.5 27.9 0.0 0.9 1.9 

09-008-B South 1991 In-line N Wall N/A Marina N/A N 197.0 197.0 52 0 ± 0 21 ± 11 138 ± 7 27.3 24.9 41.8 1.2 4.9 1.9 

09-009 South 1994 
Protruding 
DS N Y N None N/A N 751.3 751.3 100 8 ± 9 14 ± 6 N/A 0.0 0.2 99.8 0.0 0.0 1.9 

09-013 South 1997 Protruding N Y N/A Marina N/A N 2650.0 2650.0 95 0 ± 0 3 ± 2 144 ± 12 24.6 10.5 61.3 1.1 2.5 1.7 

09-015 South 2000 Protruding N Y N/A None N/A N 1565.9 1565.9 100 1 ± 1 9 ± 5 144 ± 13 1.4 4.5 88.3 5.7 0.1 1.2 

10-002-A South 1988 inland N N N/A Other N/A N 15300.0 15300.0 100 1 ± 2 31 ± 12 130 ± N/A 7.7 41.5 48.7 0.1 2.0 1.2 

10-002-B South 1988 in-line N N N/A Other N/A N 3611.0 2248.0 100 21 ± 17 2 ± 4 134 ± 29 15.9 12.6 68.5 1.1 1.9 1.4 

10-003 South 1990 In-line N N N/A None N Y 496.0 398.4 100 54 ± 28 17 ± 9 90 ± 60 11.8 13.5 69.9 0.0 4.8 1.4 

10-004 South 1995 In-line N Y N/A Other N/A N 1498.7 1498.7 98 0 ± 0 13 ± 8 105 ± N/A 14.3 17.3 66.8 0.4 1.2 1.4 

11-002 South 1990 
Protruding 
DS N Y N Log boom N/A N 1574.8 1574.8 100 4 ± 6 12 ± 9 115 ± 16 17.1 8.2 71.1 0.9 2.8 1.5 

11-010 North 1995 In-line Y N N/A None N Y 134.0 99.0 74 0 ± 0 24 ± 12 58 ± 2 12.2 4.5 79.2 0.1 4.1 1.5 

11-012-A South 2001 Land Tip N Y N None N/A N 3886.5 3886.5 100 1 ± 2 17 ± 10 124 ± 14 17.7 30.9 50.0 0.1 1.3 1.8 

11-012-B South 2001 
Protruding 
US Y Y N None N/A N 701.4 612.7 100 0 ± 0 11 ± 5 N/A 13.4 19.3 63.6 1.6 2.1 1.5 

11-013 South 2004 Embayment Y Y N Marina N/A N 1279.6 1043.5 99 0 ± 0 45 ± 18 N/A 2.9 4.0 90.9 0.0 2.1 1.1 

12-001 South 1983 Protruding N Y N Marina N/A N 673.5 673.5 100 1 ± 1 11 ± 8 N/A 29.6 43.0 24.7 0.2 2.5 1.8 

12-004 South 1992 inland Y N/A N/A Log boom N/A N 7474.4 5228.4 61 0 ± 0 15 ± 7 N/A 29.8 14.0 55.5 0.3 0.4 1.6 

12-007 South 2006 Protruding Y Y N Log boom N/A Y 913.1 649.0 100 0 ± 0 68 ± 15 N/A 19.6 3.0 77.5 0.0 0.0 1.9 

13-001 North 1988 
Protruding 
DS N Y N None N/A N 208.0 179.8 94 

15 ± 
N/A 2 ± 2 99 ± 32 2.3 14.7 81.8 0.0 1.2 1.8 

13-005 Upper 1997 Embayment N Y N Log boom N/A Y 1570.7 1570.7 100 0 ± 0 14 ± 8 155 ± 18 10.6 13.1 68.2 2.6 5.5 1.3 
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13-010 Upper 1998 Protruding N Y N Other N/A N 196.6 196.6 100 3 ± 4 53 ± 13 N/A 55.3 4.3 39.4 0.0 1.0 2.4 

13-012-A Upper 2001 Embayment N Y N None N/A Y 738.8 738.8 100 6 ± 5 37 ± 11 49 ± 11 37.4 10.6 45.8 0.1 6.1 1.6 

13-012-B Upper 2001 inland N Y N 
Lattice 
Fence N/A Y 1764.7 1764.7 100 0 ± 0 25 ± 12 N/A 32.2 28.4 34.4 1.2 3.7 2.0 

14-004 Upper 1992 Protruding Y Y N Log boom N/A N 1097.8 981.0 98 3 ± 5 52 ± 14 N/A 0.0 81.9 18.1 0.0 0.0 1.9 

15-001-B Upper 1993 In-line Y N N/A None Y N 2486.0 1836.0 100 15 ± 13 10 ± 6 N/A 4.4 41.5 53.9 0.0 0.3 1.7 

15-003-A Upper 2010 In-line Y N N/A None N Y 620.2 427.8 88 32 ± 18 3 ± 3 N/A 55.2 35.6 9.3 0.0 0.0 2.4 

15-003-B Upper 2010 Embayment Y N N/A None N N 3831.3 3632.4 100 5 ± 13 30 ± 13 N/A 27.6 25.4 45.4 1.2 0.3 1.8 

REF-02-
001 North REF In-line Y N N/A Log boom Y Y 1876.8 1089.6 N/A 0 ± 0 19 ± 6 116 ± 16 10.7 1.4 83.4 0.7 3.8 1.2 

REF-03-
001 North REF In-line N N N/A Log boom Y Y 4690.0 4690.0 N/A 3 ± 3 11 ± 7 111 ± 13 2.7 6.5 90.6 0.0 0.2 1.3 

REF-05-
001 North REF In-line Y N N/A None N N 5149.1 4384.8 N/A 1 ± 2 30 ± 6 165 ± N/A 2.3 7.0 89.3 0.0 1.4 1.1 

REF-09-
001 South REF In-line Y N N/A None Y N 21870.0 19778.0 N/A 1 ± 2 8 ± 4 149 ± 33 7.7 14.0 77.3 0.0 0.9 1.2 

REF-10-
001 South REF In-line Y N N/A None Y Y 4963.5 4408.9 N/A 1 ± 1 10 ± 15 147 ± 9 10.0 8.5 78.6 1.2 1.7 1.2 

REF-11-
001 South REF Land Tip Y N N/A None N Y 4187.8 3190.4 N/A 6 ± 6 15 ± 7 95 ± 9 12.8 23.3 61.1 0.4 2.4 1.5 

REF-12-
001 South REF In-line Y N N/A None N Y 10864.0 1496.0 N/A 0 ± 0 3 ± 2 118 ± 12 20.1 15.3 56.5 0.4 7.7 1.4 
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Appendix VI ς Riparian Habitat Summary Data 

Site ID 
Year of 
Compensation 

Area sampled 
(sqm) 

Legacy 
FREMP 
area 
goal 

Unit of 
Measure 

Confidence 
in Unit of 
Measure Manicured Adjacent Land Use 

Riprap 
Pots 

Overstory: 
stems/ha 

Overstory: % 
Native 

Overstory: % 
Exotic 

Understory: 
Total % 
cover 

Understory: 
Relative % 
cover Native 

Understory: 
Relative % 
cover Exotic 

Understory: 
Relative % 
cover Invasive 

01-008 2002 1044.7 996 sqm H N Light industrial N 153 100 0 100 91 1 8 

02-006 1997 200.0 138 sqm H N Park N 100 100 0 100 67 0 40 

02-007-A 1993 35.0 175/3 UNK N/A N residential Y 2001 86 14 77 92 4 4 

04-001 1990 617.9 105 m M N Gold course N 146 66 34 100 97 1 2 

04-005 2007 36.0 3600 UNK N/A N residential Y 0 N/A N/A 100 100 0 0 

05-003 2000 350.1 274 sqm L N urban N 57 100 0 100 44 0 59 

05-004 1999 963.2 624 sqm L N urban N 0 N/A N/A 100 36 0 65 

09-013 1997 368.0 325 sqm L N under development Y 870 100 0 39 88 0 12 

09-015 2000 897.6 170 m M N agricultural N 245 100 0 72 98 0 2 

10-002-B 1979 637.0 0 UNK N/A N light industrial N 235 100 0 61 98 0 2 

10-004 1997 141.5 30 m M N Light industrial N 3251 93 7 18 46 0 46 

10-006 1997 728.0 420 sqm M N condo N 0 0 0 83 8 2 90 

11-007 1991 3270.0 270 m H N light industrial N 662 84 6 96 13 1 87 

11-013 2004 382.4 200 sqm M Y residential N 157 67 33 63 90 9 1 

13-005 1997 1570.7 7136 sqm L Y residential N 178 25 75 78 70 28 2 

13-010 1998 452.2 210 sqm H N railway N 22 99 1 99 86 0 14 

13-012-B 2001 5741.9 5260 sqm H N park N 235 100 0 100 33 17 50 

15-003-A 2010 1300.0 1293 sqm H N urban N 1733 100 0 10 84 0 16 

15-003-B 2010 8115.8 8019 sqm H N industrial/rural N 16840 100 0 20 93 0 6 

 



58 
 

 

 

 

 

 
 
 

 

Appendix VII ς Marsh Compensation Site Descriptions  



59 
 

 
 
 
 

 

Figure 1. Locations of FREMP compensation marshes surveyed July-October 2015. Large scale  map features (e.g. precise locations, site boundaries, vegetation 
communities) can be viewed on the FREMP-BIEAP Atlas online, under the 2015 Field Data  map layer: http://www.cmnbc.ca/atlas_gallery/fremp-bieap-habitat-atlas. 

http://www.cmnbc.ca/atlas_gallery/fremp-bieap-habitat-atlas
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Site# 01-003-A 

CPR# 8812-0105 
 
 

Background 

501 sqm of unvegetated intertidal mudflat were lost as a result of foreshore filling in 1991. Notes from 1996 state that 
compensation marsh benches were constructed, however no vegetation had been planted. Natural colonization was 
ƴƻǘŜŘΣ ōǳǘ ŜȄƛǎǘƛƴƎ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǿŀǎ ŘŜǎŎǊƛōŜŘ ŀǎ ΨǎǇŀǊǎŜΦΩ aŀǊǎƘ ŀƴŘ ǊƛǇŀǊƛŀƴ ǇƭŀƴǘƛƴƎǎ ǿŜǊŜ ǊŜŎƻƳƳŜƴŘŜŘΣ ƘƻǿŜǾŜǊ ƴƻ 
remedial action was undertaken, as there was no legally binding agreement between the proponent and DFO. Habitat 
compensation goal = 627 sqm of marsh habitat. 
 

Description 
The site consists of an embayed unvegetated mudflat, which gradually slopes from backshore to intertidal. Marsh 
backshore is armoured by a riprap slope, and there is no evidence of armouring along the foreshore. The mudflat is only 
visible at low tide. Pilings are present along the foreshore of the site (see photos). The riprap slope above the site is 
vegetated by a mixture of native, ornamental exotic, and invasive species, including invasive Buddleja davidii, Tanacetum 
vulgare, and Rubus armeniacus. The site was described in 1996 as unplanted marsh habitat, and vegetation has yet to 
colonize decades later, likely due to a combination of erosion and low site elevation. 

 
Morphological Features 
Marsh habitat consists of an unvegetated mud/sand flat. Site appears to be eroded, as substrate is sandy with little to no 
fine particles. Erosion is likely from boat wake and high flow events.  

 
Impacts & Stressors 
None (no created habitat exists). 

 
Wildlife Sightings/Evidence 
None (no created habitat exists). 

 
Adjacent Land Use 
Residential development with BC Parkway trail at top of dike (N), Fraser River North Arm (S) and train trestle (E). 

 
Threatened Plant Species (Provincial/Federal) 
None (no vegetation present). 

 
Invasive Species 
None (no vegetation present). 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris, 
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 100.0 100.0 100.0 None n/a n/a Unvegetated mud/sandflat 
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Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover CI (95%) n 

Relative 
Dominance 

(%) 

None --- --- --- --- --- --- n/a --- 

 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established 
(% of area goal) 

100.0*  27.6% Poor This site fails to fulfill the area requirements of the habitat 
compensation goals. The paired site (01-003-B) contains 173 
sqm of functioning marsh accounting for the 28% successful 
establishment of target habitat for the entire site ID. This site 
(01-003-A) fails to contain any functioning habitat.   

2. Proportion/Relative % 
Cover Native Species 

72.2 0.0 Poor No functioning marsh habitat, with no marsh vegetation 
present. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

 No vegetation 5 Create new habitat Currently this embayment has potential for approximately 100 
sqm of marsh habitat. However, this current bench would 
have to be (1) raised, as its current elevation is too low to 
sustain marsh vegetation and (2) armoured, as wave and 
current erosion appears problematic locally. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

None    
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Site# 01-003-B 
CPR# 8812-0105 

 

Background 
501 sqm of unvegetated intertidal mudflat were lost as a result of foreshore filling in 1991. Notes from 1996 state that 
compensation marsh benches were constructed, however no vegetation had been planted. Natural colonization was 
ƴƻǘŜŘΣ ōǳǘ ŜȄƛǎǘƛƴƎ Ǉƭŀƴǘ ƎǊƻǿǘƘ ǿŀǎ ŘŜǎŎǊƛōŜŘ ŀǎ ΨǎǇŀǊǎŜΦΩ aŀǊǎƘ ŀƴŘ ǊƛǇŀǊƛŀƴ ǇƭŀƴǘƛƴƎǎ ǿŜǊŜ ǊŜŎƻƳƳŜƴŘŜŘΣ ƘƻǿŜǾŜǊ ƴƻ 
remedial action was undertaken, as there was no legally binding agreement between the proponent and DFO. Habitat 
compensation goal = 627 sqm of marsh habitat. 

Description 
Site is a 248 sqm embayed marsh with an armoured riprap foreshore.  The backshore of the site is bordered by both 
concrete wall and riprap dike, both supporting the BC Parkway trail above. Public access is deterred due to a metal fence 
surrounding the site. Log booms have been installed along the marsh foreshore, but are angled inwardly (perhaps 
broken), likely offering little protection to the site. 
 
Currently 70% of the site is dominated by mid-to high marsh vegetation (target habitat), dominated by Juncus balticus, 
Carex lyngbyei, Potentilla anserina and Lycopus sp.. Low marsh habitat (Community 2) represents 14% of  site area, and 
occurs along the foreshore where soil loss and erosion is most prevalent. Community 2 is dominated by Juncus 
articulatus, Hypericum scouleri, Crassula aquatica and Lilaeopsis occidentalis. The remainder of the site is covered by log 
debris, which has accumulated along the site backshore. 
 
Marsh productivity is being impacted by log debris and erosion. Log debris currently accounts for 16% of site area, and 
will continue to reduce vegetative cover due to smothering and grounding unless addressed. Erosion is occurring along 
the riprap edge of the marsh, as well as within the unvegetated intertidal portion of the marsh, where a coarser substrate 
is now exposed due to soil loss.  The log boom, which is currently funneling wave energy into the center of the marsh due 
to improper angling, is likely the primary cause of this soil loss. A lack of planting (and subsequent lack of soil binding by 
roots) has likely also contributed to erosion of habitat. 

 
Morphological Features 
Site is a flat marsh bench with exception to lower, eroded areas. Some erosion is occurring along the foreshore edge of 
the marsh, as well as within the unvegetated intertidal portion in the center of the marsh, where a coarser substrate is 
now exposed due to soil loss.  

 
Impacts & Stressors 
Log debris is a significant stressor to the backshore of the site, accounting for 16% of the site area. The embayment shape, 
and lack of functional log boom protection increase site susceptibility to further deposition. Carex lyngbyei appears to be 
reduced in height by waterfowl grazing. 

 
Wildlife Sightings/Evidence 
Evidence of waterfowl graze in areas with more palatable species (e.g. Carex spp.). 

 
Adjacent Land Use 
Residential development with BC Parkway trail at top of dike (N), Fraser River North Arm (S) and train trestle (E). 

 
Threatened Plant Species (Provincial/Federal) 
None. 
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Invasive Species 
Three invasive species were sampled in target habitat: Lythrum salicaria, Phalaris arundinacea and Iris pseudacorus, 
totaling a mean % cover of 9.1 +/- 11.3. 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, CI (95%) 

% Log 
Debris,  
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 173.0 69.8 4.3 +/- 9.3 1.3 +/- 3.4 1.43 7 Marsh habitat (target habitat) 

2 36.0 14.5 72.7 +/- 14.2 None 1.21 3 Vegetated mudflat along foreshore 

3 39.0 15.7 None 100 n/a n/a Log debris accumulation zone. No 
vegetative cover.  

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 
Mean Absolute 

% Cover 
CI 

(95%) n 

Relative 
Dominance 

(%) 

1 Baltic rush Juncus balticus N 2 42.6 31.8 7 30.3 

1 Lyngbye's sedge Carex lyngbyei N 1 20.7 20.7 7 22.1 

1 common silverweed Potentilla anserina N 1 11.7 5.4 7 14.6 

1 horehound Lycopus sp. U 1 11.9 4.9 7 12.6 

2 jointed rush Juncus articulatus N 1 4.3 3.5 3 22.9 

2 western St. John's-
wort 

Hypericum scouleri 
ssp. scouleri 

N 2 3.7 3.5 3 19.4 

2 pigmyweed Crassula aquatica N 1 3.5 3.7 3 18.5 

2 western lilaeopsis Lilaeopsis 
occidentalis 

N 1 3.7 3.6 3 12.9 

 
Origin Class Proportions (Based on % Cover in Target Habitat) 

 
 
 
 
 
 
 

6.0%

7.4%

76.2%

1.0%
9.4%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	7
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Compensation Success 
 Criterion Target 

Percent 
Actual 

Percent 
Success Description 

1. Proportion of Target 
Habitat Established 
(% of area goal) 

100* 27.6% Poor Only 28% (173 sqm) of the initial goal is functioning as viable 
marsh habitat.  This can easily be increased to 34% (212 sqm) by 
removing the buildup of log debris and planting to native species. 
The paired site (01-003-A) currently contains no functioning 
marsh habitat, but an embayed marsh could be created to 
increase total compensation area.  To achieve the habitat 
compensation goal of 627sqm, a total of 454 sqm of marsh will 
have to be restored or created. 

2. Proportion/Relative % 
Cover Native Species 

72.8 76.0 Good Invasive species only represent 8% of vegetative cover. Native 
species represent a higher proportion of vegetative cover than 
average of neighbouring reference sites REF-11-001 and REF-02-
001. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

 Log Debris 5 Remove log debris and plant 
with native vegetation.  
Consider replacing log boom 
structure to mitigate log 
debris. 

Approximately 16% of the site is covered in log debris with 
the majority of it building up along the backshore.  The 
embayment shape of the site allows log debris to build up 
and get stuck at the back of the site.  A structure to mitigate 
future buildup of log debris would be advisable. 

Invasive Species 3 Control Iris pseudacorus. Iris pseudacorus occurs in small clumps and could be easily 
controlled. 

Low Target 
Habitat Success 

5 Increase area of marsh 
habitat through mitigation. 

Only 28% (173sqm) of the initial goal is functioning as viable 
marsh habitat.  This can easily be increased to 34% (212 
sqm) by removing the buildup of log debris and planting to 
native species.  Planting of the vegetated mudflat is an 
option, however, the vegetated mudflat may indicate other 
stressors preventing growth (such as waterfowl grazing, 
elevation - too low, wave action, hydrological processes); 
therefore, planting this zone may have a higher chance of 
failure.  

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

None    
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Site# 01-008  
CPR# 0112F080 

 

Background 
Intertidal mudflat habitat (4083 sqm) and subtidal riverbed (3124 sqm) was disturbed due to sediment and groundwater 
remediation works. Compensation habitat created in 2002 and planted in 2003. Habitat compensation goal = 996 sqm 
riparian, 2161 sqm intertidal marsh, 562 sqm intertidal mudflat, and 199 sqm subtidal riverbed habitat created. 

 

Description 
Site consists of a 2270 sqm intertidal marsh bench, armoured by a riprap berm foreshore. Backshore is bordered by riprap 
dike, with riparian compensation plantings above (see riparian file). Site drainage appears to be inhibited by the foreshore 
riprap berm, which is slightly elevated above the marsh behind it. As a result, the marsh is generally saturated with pools 
of standing water present at all times. A log boom was present in front of marsh.   
 
The entire site consists of marsh vegetation (target habitat), dominated by Typha latifolia and Juncus supiniformis. 
Invasive species, although present, only account for 8% of marsh vegetation. Habitat is functioning well, but management 
of invasive Typha angustifolia is recommended to ensure long-term success of site. 

 
Morphological Features 
Foreshore riprap berm is slightly higher than marsh, likely reducing drainage. As a result, standing water is distributed 
throughout site. No channels or significant depressions were observed. 

 
Impacts & Stressors 
A low to moderate amount of log debris. 

 
Wildlife Sightings/Evidence 
None. 

 
Adjacent Land Use 
Light industrial (NW), Fraser River North Arm (SE). 

 
Threatened Plant Species (Provincial/Federal) 
Two threatened species were sampled in target habitat: Juncus oxymeris (blue-listed) and Eleocharis parvula (blue-listed), 
totaling a mean % cover of 0.8 +/- 1.0. 

 
Invasive Species 
Three invasive species were sampled in target habitat: Lythrum salicaria, Typha angustifolia and Phalaris arundinacea, 
totaling a mean % cover of 5.1 +/- 4.9.  Typha angustifolia is confined to a single patch, where it is the dominant species. 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris,  
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 2269.8 100.0 24.2 +/- 11.6 1.0 +/- 1.96 1.28 20 Marsh habitat (target habitat) 
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Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute % 

Cover CI (95%) n 

Relative 
Dominance 

(%) 

1 common cattail Typha latifolia N 1 10.1 7.0 20 22.0 

1 spreading rush Juncus supiniformis  N 1 5.2 3.7 20 13.1 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established 
(% of area goal) 

100.0* 105.1% Good The site successfully fulfills the requirements of area compensation 
and is functioning well.  The area of functioning target habitat 
(2270 sqm) exceeds the compensation goal of 2161 sqm.   

2. Proportion/Relative % 
Cover Native Species 

72.8 85.5 Good The majority of the vegetation at this site is native (86%), 
exceeding the combined average native species dominance of 
nearby reference habitats REF-11-001 and REF-02-001. The total 
vegetation cover is only 75%; however lower total vegetation cover 
is natural in cattail-dominated habitats 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Invasive Species 5 Eradicate Typha angustifolia 
while manageable. 

Typha angustifolia occurs as a small, single patch, but is 
dominant where it occurs (no other species are present 
where lesser cattail occurs).  At this stage it would be easy 
to control this patch to prevent spread. 

Monitoring 

Impact Priority Rank 
(1 Low - 5 High) 

Action Required Comments 

Log debris 2 Monitor Monitor log debris to ensure it does not increase and 
impact vegetation growth. 

 

6.5%

6.6%

84.5%

1.1% 1.4%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	20
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Site# 02-001  
CPR# N/A 
 

Background 
Creation of intertidal marsh and mudflat from dredged material in 1988. Shear and log boom installed as erosion 
protection. Marsh was planted with vegetation salvaged from a tidal marsh on Lulu Island that was slated for 
development. Vegetation was extracted in the form of large sods, which were cut into 16,000 10 x 10 x 10 cm plugs, 
typically transplanted at 1.0 m intervals. Plug species included Carex lyngbyei, Scirpus validus, and Typha latifolia. After 
three growing season, monitoring indicated that wake erosion had caused the habitat to recede 18 m, and a significant 
sand berm had formed. By 1991, half of transplanted area did not sustain transplants, which may have been the result of 
plug burial by shifting sands, anaerobic soil conditions, and/or geese graze. Habitat compensation goal = 15400 sqm 
marsh and 27000 sqm mudflat habitat. 

 

Description 
The site is a complex marsh 15685 sqm in size (approximately 60 m X 295 m), which narrows to the west.  The backshore 
is bordered by a riprap dike, with a strip of riparian vegetation above. A channel draining a storm water culvert delineates 
the east boundary of the site.  There is no riprap armouring at the foreshore of the site.  Despite installation of a log boom 
for erosion protect at the time of construction, no log boom was present at the time of this survey.  A sand bar extends 
nearly the length of the site along the foreshore edge of the marsh.  A vegetated mudflat extends into the marsh and 
wraps around the sand bar at the east and west ends.   
 
69% of the site is comprised of typical mid to high marsh vegetation (Community 1), dominated by Carex lyngbyei, 
Agrostis capillaris, Equisetum fluviatile, and Schoenoplectus tabernaemontani.  A vegetated mudflat (Community 2) 
accounts for 19% of the site, and is most dominated by the aquatic Callitriche stagnalis.  A vegetated sand bar 
(Community 3) occupies the remaining 12% of site, and is sparsely vegetated by Lythrum salicaria, Carex lyngbyei, and 
Juncus balticus.  
 
Smothering of habitat by river sand aggradation, as well as foreshore erosion are likely the greatest threats to 
compensation success. Log debris build up is moderate at this site, but is not significantly limiting vegetation growth.  A 
significant amount of Canada Geese were observed on the vegetated mudflat at low tide and Carex lyngbyei throughout 
the site displayed evidence of graze.  

  
Morphological Features 
A vegetated sand bar (Community 3) extends nearly the length of the site along the foreshore boundary, and has been 
present for several decades.  It slopes moderately steeply from foreshore to top of sand bank and steeply drops off at 
approximately 1 m high to the mid-high marsh (Community 1).  A vegetated mudflat (Community 2) extends and wraps 
into the site around the sand bar at the east and west ends.  Marsh contains many small drainage channels and 
depressions. 

 
Impacts & Stressors 
Many Canada Geese observed using site. Graze impacts observed on Carex lyngbyei and Juncus spp.. Log debris build up 
near back of site, including a full dock float.  

 
Wildlife Sightings/Evidence 
Killdeer on vegetated mudflat (Community 2). Raccoon prints observed. Old posts being used by cavity nesting birds 
(inactive at time is survey), likely by swallows. Small fish in pooled areas of marsh. 

 
Adjacent Land Use 
Industrial land use (N,E) and Fraser River North Arm with anchored barges (South). 
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Threatened Plant Species (Provincial/Federal) 
Two threatened species were sampled: Juncus oxymeris (blue-listed) and Eleocharis parvula (blue-listed), totaling a mean 
% cover of 0.22 +/- 0.29.  Lilaea scilloides (blue-listed) and Bidens amplissima (blue-listed, SARA-listed) were observed 
incidentally.  
 
Invasive Species 
Four invasive species were sampled in target habitat: Cirsium arvense, Lythrum salicaria, Phalaris arundinacea and Iris 
pseudacorus, totaling a mean % cover of 11.8 +/- 10.2.  Lythrum salicaria is primarily responsible for the 12% mean cover. 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris,  
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 10824.3 69.0 8.6 +/- 5.1 2.8 +/- 2.7 1.45 25 Mid to high marsh (target habitat) 

2 2976.3 19.0 88 +/- 7.4 None 1.00 11 Vegetated mud flat 

3 1884.4 12.0 79 +/- 12.0 None 1.20 10 Partially vegetated sand bar 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute % 

Cover 
CI 

(95%) n 

Relative 
Dominance 

(%) 

1 Lyngbye's sedge Carex lyngbyei N 1 27.6 8.4 25 39.7 

1 colonial bentgrass Agrostis capillaris E 3 19.4 9.0 25 21.0 

1 swamp horsetail Equisetum fluviatile N 1 10.5 5.6 25 12.6 

1 soft-stemmed 
bulrush 

Schoenoplectus 
tabernaemontani 

N 1 9.5 4.8 25 12.5 

2 pond water-
starwort 

Callitriche stagnalis E 1 8.0 7.0 11 83.0 

3 purple loosestrife Lythrum salicaria I 1 6.0 4.0 10 48.0 

3 Baltic rush Juncus balticus N 2 8.0 11.0 10 21.0 

3 Lyngbye's sedge Carex lyngbyei N 1 3.0 2.0 10 15.0 

 
Origin Class Proportions (Based on % Cover in Target Habitat) 

 
 
 

29.0%

13.2%

57.1%

0.2% 0.4%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	25
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Compensation Assessment 
 Criterion Target 

Percent 
Actual 

Percent 
Success Description 

1. Target Habitat 
Established 
(% of area goal) 

100.0 70.3 Fair Only 10,824 sqm (70% of initial goal) is functioning as mid to high 
marsh habitat.  The other habitats, Community 2 (vegetated mudflat) 
and Community 3 (sandbar) comprise the remainder.  These other 
habitats provide complexity to the site, but were not the target 
habitats of the compensation project and appear more susceptible to 
invasive and exotic species.  

2. Proportion/Relative 
% Cover Native 
Species 

86.7 58.9 Fair 87% target based off average of references sites REF-05-001 and REF-
02-001.  Relative % cover of native species was only 59%; however, 3 
out of 4 species with relative dominance over 10% were native.  This 
indicates that there is a lower diversity of native species and a greater 
diversity of non-native species. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Invasive 
Species 

3  Remove Iris pseudacorus Yellow iris is present in infrequent, small clumps that are still 
manageable.  Mitigate now or monitor to ensure it does not 
spread. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Mudflat and 
Sandflat 

3 Monitor mudflat and sandflat 
erosion/aggradation 

Monitor mudflat and sandflat for expansion.  If these habitats 
expand significantly mitigation efforts may be advisable. 
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Site# 02-002  
CPR# 8803-0019 

 

Background 
Compensation for habitat lost by foreshore construction for a dredged basin. Marsh created by filling on mudflat in 1989. 
Site was planted with 2000 Carex lyngbyei and golf-cup cutter plugs from upstream marshes along Lulu Island. Plugs were 
planted at 0.5 m intervals centre-to-centre. Site was also planted with 105 x 30 sqcm sods of Scirpus validus from a 
downstream marsh along Lulu Island and planted at 0.75 m intervals along the eastern edge of the site. Both species were 
placed at elevations equivalent to where they occur in natural marshes in region. No vegetation monitoring was 
documented, though both species appeared to comprise > 90% of their planted areas in 1993 observations. 
 

Description 
Site is a 596 sqm embayed marsh with an armoured riprap foreshore.  Backshore bordered by riprap dike.  No log boom 
was present at time of survey.  100% of the site is comprised of marsh habitat (target habitat), dominated by Carex 
lyngbyei, Typha latifolia, Scirpus microcarpus, and exotic Myosotis scorpioides. Species are locally abundant due to 
morphological heterogeneity, with T. latifolia dominating areas of poor drainage along backshore, Carex spp. dominating 
the foreshore, and S. microcarpus occupying elevated areas at the toe of the riprap dike. 

 
Morphological Features 
Poorly-drained area of standing water along eastern backshore, dominated by Typha latifolia. Site is gradually sloped 
from backshore to foreshore. A dendritic drainage channel borders the eastern boundary, draining east half of site. 

 
Impacts & Stressors 
Some evidence of waterfowl graze.  A moderate amount of log debris present. 

 
Wildlife Sightings/Evidence 
Canada Geese. 

 
Adjacent Land Use 
Log sorting facilities (W) River Road and other industry (S), Fraser River North Arm (N). 

  
Threatened Plant Species (Provincial/Federal) 
Two threatened species were sampled in target habitat: Juncus oxymeris (blue-listed) and Eleocharis parvula (blue-listed), 
totaling a mean % cover of 0.8 +/- 0.4. 

 
Invasive Species 
Four invasive species were sampled in target habitat: Cirsium arvense, Lythrum salicaria, Phalaris arundinacea and Iris 
pseudacorus, totaling a mean% cover of 5.3 +/- 3.4. 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, CI (95%) 

% Log 
Debris,  
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 596.3 100.0 16.9 +/- 9.7 10.3  +/- 8.8 1.25 15 Marsh habitat (target habitat) 
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Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover 

CI 
(95%) n 

Relative 
Dominance 

(%) 

1 Lyngbye's sedge Carex lyngbyei  N 1 13.2 9.4 15 22.6 

1 common cattail Typha latifolia N 1 8.9 6.0 15 13.6 

1 small-flowered bulrush Scirpus microcarpus N 1 9.3 6.4 15 12.3 

1 European forget-me-
not 

Myosotis scorpioides E 2 5.5 2.4 15 11.6 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual Percent Success Description 

1. Proportion of Target 
Habitat Established 
(% of area goal) 

100.0 93.9% Good 94% of target habitat area has been achieved. In reality, site 
likely achieved 100%, however true site boundaries were 
difficult to discern in field. 

2. Proportion/Relative % 
Cover Native Species 

86.7 76.4 Good Relative % cover of native species is higher than average of 
nearby reference sites REF-05-001 and REF-02-001. 
Vegetation is well-established, with high vegetation cover. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Invasive species 2 Control Iris pseudacorus Yellow iris is present in small clumps and is still easily removed.  
Control to avoid further expansion. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Log debris 3 Monitor Monitor buildup of log debris.  Currently accounts for 
approximately 10% cover.  If log debris increases then consider 
removal. 

13.3%

6.9%

76.0%

0.4%

3.4%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown

n	=	15
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Site# 02-003-A  
CPR# 9206-0064 

 

Background 
Compensation was required after existing bank was graded for riprap placement, cutting, and filling as well as pier 
construction in 1992.  In total, 2000 sqm of subtidal mudflats and 8268 sqm of unvegetated and intertidal mudflats were 
lost.  In compensation, marsh habitat was created at two separate compensation sites under the 02-003 Site ID.  Marsh 
habitat was created by building an elevated bench and protecting it with a riprap border.  Dominant plant species at time 
of disturbance included Carex lyngbyei, Polygonum sp., Trifolium spp. and Callitriche verna. This site is one of two 
compensation sites under the 02-003 site ID. The other site, labelled 02-003-B (located ~ 1 km due east) has a separate 
report under that name. Habitat compensation goal = 7755 sqm marsh habitat. 
 
Sites were planted with 14160 C. lyngbyei golf-cup cutter plugs extracted from nearby tidal marshes, and planted at 0.75 
m centre-to-centre intervals. Monitoring indicated that after 3 growing seasons marsh vegetation cover was approaching 
100%, dominated by C. lyngbyei, Eleocharis palustris, and Typha latifolia. 

 

Description 
The site is a long and narrow marsh bench (approximately 12 x 800 m) that parallels the Fraser River and is in line with the 
surrounding shoreline.  The north and eastern site boundaries are bordered by a 3 - 5 m strip of riparian vegetation 
containing mature Populus balsamifera and shrubs. The riparian strip is paralleled to the north by a public walking trail 
and a rail line.  Beyond the narrow rail line are residential neighbourhoods. The west boundary overlaps with a more 
recent compensation site (02-004) and is a continuation of marsh habitat. The southern/foreshore boundary of the site is 
armoured with riprap along the Fraser River, preventing erosion of the site.  
 
The entire site is covered by mid-to-high marsh vegetation dominated by Carex lyngbyei and Equisetum fluviatile. Small 
homogenous clumps of Juncus spp. and Typha latifolia are distributed throughout the site.  A few small pockets of 
relatively unvegetated exposed mud exist along the foreshore boundary near the riprap.  The riparian vegetation along 
the backshore contains invasive Polygonum cuspidatum and Rubus armeniacus.  Site contains little log debris.  Marsh is 
protected from excessive log debris and wave action due to large log boom along southern boundary of site approx. 10-15 
m off shore, which also creates calmed water useful for waterfowl. 

 
Morphological Features 
Site is a relatively flat marsh bench with areas of standing water and small drainage channels running to the river.  A 
couple of culverts, likely channeling storm water from the nearby residential area, drain into site backshore. 

 
Impacts & Stressors 
Various informal access points to site exist along walking path, suggesting that the public will on occasion access the site. 
Minor trampling may be occurring.  
 
Wildlife Sightings/Evidence 
Song Sparrows in marsh vegetation.  Wildlife trail observed leading from public walking path to an area of flattened 
vegetation to the river edge. Potentially Coyotes accessing the site. 

 
Adjacent Land Use 
Beyond the 3-5 m riparian strip along the northern border of the site there is a public walking trail.  Paralleling the walking 
trail and separated by a 2-3 m riparian strip to the north is a railway line. Paralleling the rail line is a road with residential 
homes to the north. 
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Threatened Plant Species (Provincial/Federal) 
One threatened species was sampled in target habitat: Juncus oxymeris (blue-listed), totaling a mean % cover of 0.1 +/- 
0.1. Several Platanthera dilatata (rare in region) were observed along backshore. 

 
Invasive Species 
Three invasive species were sampled in target habitat:  Lythrum salicaria (most abundant with a mean % cover of 8.1 +/- 
4.5), Phalaris arundinacea, and Iris pseudacorus, totaling a mean % cover of 9.3 +/- 4.3. 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, 
CI(95%) 

% Log 
Debris, CI 

(95%) 

Wetland 
Indicator 

Status n Description 

1 5274.5 100.0 9.9 +/- 7.2 None 1.20 15 Marsh habitat (target habitat) 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover 

CI 
(95%) n 

Relative 
Dominance 

(%) 

1 Lyngbye's sedge Carex lyngbyei N 1 36.1 14.6 15 52.4 

1 swamp horsetail Equisetum fluviatile N 1 10.5 4.9 15 15.3 

 
Origin Class Proportions (Based on % Cover in Target Habitat) 

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 112.0% Good The combination of 02-003-A and 02-003-B exceeds project goal 
of 7755 sqm. Excess 12% may be due to mapping inaccuracy or 
marsh expansion over time. 

2. Proportion/Relative % 
Cover Native Species 

86.7 69.5 Fair Relative % cover of native species is 20% less than the average 
of nearby reference sites REF-05-001 and REF-02-001. This site 
is relatively healthy, hosting an established community of Carex 
lyngbyei  (52% relative dominance) and has high total 
vegetation cover. 

 
 

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	15
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Recommendations 
Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Invasive Species 3  Control invasive species There are some small patches of Iris pseudacorus which would 
be easy to control at this stage to prevent spread. Lythrum 
salicaria has a mean % cover of 8%.  Consider biological, 
mechanical or chemical control methods. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

None.    
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Site# 02-003-B 
CPR# 9206-0064 
 

Background 
Compensation was required after existing bank was graded for riprap placement, cutting, and filling as well as pier 
construction in 1992.  In total, 2000 sqm of subtidal mudflats and 8268 sqm of unvegetated and intertidal mudflats were 
lost.  In compensation, marsh habitat was created at two separate compensation sites under the 02-003 Site ID.  Marsh 
habitat was created by building an elevated bench and protecting it with a rip-rap border.  Dominant plant species at time 
of disturbance included Carex lyngbyei, Polygonum sp., Trifolium spp. and Callitriche verna. This site is one of two 
compensation sites under the 02-003 site ID. The other site, labelled 02-003-A (located ~ 1 km due west) has a separate 
report under that name. Habitat compensation goal = 7755 sqm marsh habitat. 
 
Sites were planted with 14160 C. lyngbyei golf-cup cutter plugs extracted from nearby tidal marshes, and planted at 0.75 
m centre-to-centre intervals. Monitoring indicated that after 3 growing seasons marsh vegetation cover was approaching 
100%, dominated by C. lyngbyei, Eleocharis palustris, and Typha latifolia. 

 

Description 
The site is a large, elevated marsh bench armoured by riprap on all sides.  The foreshore of the site is in line with the 
surrounding shoreline, the east boundary parallels a public pier, and the backshore boundary is delineated by an 
elevated, wooden boardwalk above a riprap dike.  There is a log boom immediately off-shore to mitigate wave action.   
 
Habitat is heterogeneous, with several pools of standing water, drainage channels, and elevated mounds that promote a 
healthy species diversity. Pools of standing water are occupied by emergent aquatic species (e.g. Sagittaria latifolia, 
Alisma spp.). There are two distinct vegetative communities within the site. Community 1 (88% of site) contains typical 
mid to high marsh vegetation dominated by Lythrum salicaria, Carex lyngbyei, and Equisetum fluviatile. Community 2  
(12% of site) is a vegetated mudflat located along the foreshore, dominated by low-marsh species such as Crassula 
aquatica, and Limosella aquatica among others. 
 
Site is most impacted by invasive species (particularly L. salicaria) which in total account for 33% of vegetative cover. 
Waterfowl graze is impacting marsh vegetation, particularly along the foreshore edge. Wood debris is present but in low 
abundance. 
 

Morphological Features 
Two small drainage channels are present. Channels drain areas of standing water in the northern portion of the marsh. A 
large culvert outflows under pier to the NE, flowing alongside eastern riprap border. Site is relatively flat, gradually 
sloping from backshore to foreshore edge. 

 
Impacts & Stressors 
Invasive species represent 33% of marsh vegetation in target habitat. Significant evidence of waterfowl grazing. 

 
Wildlife Sightings/Evidence 
Significant evidence of waterfowl grazing. Canada Geese spotted nearby.  Song Sparrow and Common Yellowthroat 
observed in marsh vegetation. Raccoon was observed under pier to east, and prints were visible in mud on-site. Mallards 
were observed in the marsh vegetation at high-tide. At low tide, Great Blue Heron (blue-listed, SARA-listed) and Mallard 
were sighted using calm waters created by log booms just south of site.   
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Adjacent Land Use 
Housing development with greenway boardwalk (N), exposed mudflat with log booms (S), and elevated walkways/piers 
(W and E). 

 
Threatened Plant Species (Provincial/Federal) 
No threatened species were sampled in target habitat. One threatened species was sampled in Community 2: Eleocharis 
parvula (blue-listed) with a mean % cover of 2.9 +/- 3.5. 
 

Invasive Species 
Three invasive species were sampled in target habitat: Typha angustifolia, Lythrum salicaria, and Phalaris arundinacea, 
totaling a mean % cover of 22.5 +/- 13.1. 

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris, CI 

(95%) 

Wetland 
Indicator 

Status n Description 

1 3400.3 87.5 38.4 +/- 15.2 0.9 +/- 1.8 1.19 11 Marsh habitat (target habitat) 

2 484.8 12.5 78.7 +/- 13.2 0 +/- 0 1.07 5 Mostly exposed mud, with stunted herb 
community (1 cm tall).  Vegetation 
dominated by species associated with mud 
flats and low marsh habitats. 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover CI (95%) n 

Relative 
Dominance 

(%) 

1 purple loosestrife Lythrum salicaria I 1 13.1 9.9 11 29.8 

1 swamp horsetail Equisetum fluviatile N 1 9.8 6.9 11 27.7 

1 [ȅƴƎōȅŜΩǎ ǎŜŘƎŜ Carex lyngbyei N 1 10.8 11.3 11 12.3 

2 pigmyweed Crassula aquatica N 1 4.8 1.1 5 21.3 

2 water mudwort Limosella aquatica N 1 3.7 2.5 5 16.4 

2 small spike-rush Eleocharis parvula T 1 2.9 3.5 5 12.9 

2 [ȅƴƎōȅŜΩǎ ǎŜŘƎŜ Carex lyngbyei N 1 3.3 5.7 5 11.7 

2 common cattail Typha latifolia N 1 4.0 3.2 5 10.6 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 

7.8%

33.3%

57.9%

1.0%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown

n	=	11
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Compensation Success 
 Criterion Target 

Percent 
Actual 

Percent 
Success Description 

1. Proportion of Target Habitat 
Established(% of area goal) 

100.0* 112.0% Good The combination of 02-003-A and 02-003-B exceeds project goal 
of 7755 sqm. Excess 12% may be due to mapping inaccuracy or 
marsh expansion over time. 

2. Proportion/Relative % 
Cover Native Species 

86.7 57.9 Fair Of the vegetation present, only 58% of cover is native species. 
Relative % cover of native species  was greater in nearby 
reference sites REF-05-001 and REF-02-001, with an average of 
86.7% between them. The vegetation cover is moderate at 61% 
mean % cover not vegetated across the site.  This is primarily 
due to areas of standing water and a couple of drainage 
channels. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Invasive Species 5 Control invasive 
species. Replace 
with native species. 

The relative amount of invasive species at this site is quite high at 
33%. Lythrum salicaria is quite widespread throughout the site 
(average % cover = 13%) and is the most dominant species with 
relative dominance of 30%.  There is also a large patch of Typha 
angustifolia (average % cover = 6%).  Control methods should be 
implemented on these species.  Followed by planting of native species 
to prevent recolonization of invasives. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

None    
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Site# 02-005-A 
CPR# 9307-0098 

 

Background 
The Site ID was described as containing six marsh benches in one monitoring report. We only identified five benches. 
Habitat constructed in 1993 and planted in 1995.  The entire project was planted with 11460 Carex lyngbyei golf-cup 
cutter plugs extracted from natural marshes in the North and middle arms, and Sturgeon Bank. Transplants were planted 
at 0.5 centre-to-centre interval. Monitoring indicated a near-100% survivorship of transplants, with a coverage <25%. 
Habitat compensation goal = 1524 sqm marsh habitat. 

 

Description 
02-005-A is the first in a series of 5 marsh benches. The site is a small protruding bench (305 sqm). Soil deposition has 
almost completely covered the riprap foreshore, creating a smooth transition from marsh to mudflat. There are 2 
vegetative communities at this site. Community 1 (82% of area) is most representative of typical marsh vegetation; 
however, Carex and Juncus spp. are patchy and the Community is instead dominated by exotic Myosotis scorpioides, and 
Agrostis capillaris, followed by subdominant native Carex lyngbyei and Myriophyllum ussuriense. Community 2 (18% of 
area) is primarily exposed mud (approx. 79% unvegetated) with a stunted herb community (> 1 cm tall) dominated by 
aquatic Callitriche stagnalis. 

 
Morphological Features 
Flat site with no significant drainage channels or depressions. Significant evidence of sediment deposition along 
foreshore. 

 
Impacts & Stressors 
Exotic species Myosotis scorpioides and Agrostis capillaris are acting aggressively at this site, and may be displacing native 
species (>15% cover in >10% of plots (Oregon Department of State Lands, 2009)1.  
  
1 Oregon Department of State Lands. (2009). Routine Monitoring Guidance for Vegetation. Retrieved from 
http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf 

 
Wildlife Sightings/Evidence 
None. 

 
Adjacent Land Use 
Public walking trail above site (N), separated by mature riparian vegetation.  Beyond the walking trail are light industrial 
facilities. 

 
Threatened Plant Species (Provincial/Federal) 
Two threatened species were sampled: Eleocharis parvula and Juncus oxymeris, totaling a mean % cover of 0.3 +/- 0.3 in 
target habitat. 

 
Invasive Species 
Two invasive species were sampled: Lythrum salicaria and Phalaris arundinacea, totaling a mean % cover of 3.3 +/- 1.8 in 
target habitat. 

 
 
 
 
 

http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf
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Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris, 
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 249.0 81.7 9.3 +/-7. 8 None 1.84 10 Marsh habitat (target habitat) 

2 55.6 18.3 78.8 +/- 6.5 None 1.07 5 Mostly exposed mud, with stunted herb 
Community (1 cm tall).  Vegetation dominated by 
species associated with mud flats and low marsh 
habitats. 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover 

CI 
(95%) n 

Relative 
Dominance 

(%) 

1 European forget-me-
not 

Myosotis 
scorpioides 

E 2 30.8 17.3 10 40.6 

1 colonial bentgrass Agrostis capillaris E 3 14.1 8.8 10 20.7 

1 Lyngbye's sedge Carex lyngbyei N 1 20.7 16.8 10 15.2 

1 Ussurian water-
milfoil  

Myriophyllum 
ussuriense 

N 1 
 

8.1 7.7 10 10.7 

2 pond water-starwort Callitriche stagnalis E 1 16.8 6.6 5 83.7 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
 
 
 
 
 
 
 
 

50.4%

3.3%

45.5%

0.2% 0.5%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	10
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Compensation Success 
 Criterion Target 

Percent 
Actual 

Percent 
Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 74.0% Fair The successful establishment of target habitat for sites 02-005-A to 
E is 74%; however, including the mudflat habitat, the total area 
built exceeds the target marsh gain of 1524 sqm. 

2. Proportion/Relative % 
Cover Native Species 

86.7 45.7 Poor The total vegetation cover in the target habitat at this site is high 
(91%), but is dominated by exotic species acting aggressively. 
Relative % cover native species is far below average  of nearby 
reference sites REF-05-001 and REF-02-001. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action 
Required 

Comments 

Exotic 
Species 

5 Control and 
replant with 
native species  

 Myosotis scorpioides and Agrostis capillaris are acting aggressively and may be 
displacing native species or limiting their colonization.  Exotic species account for 
31% of the vegetation present in the target habitat dominated by M. scorpioides 
(13% relative dominance) and A. capillaris (20%). This site would benefit from 
control actions and replanting of native species to prevent further expansion of 
these exotic species. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action 
Required 

Comments 

None    
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Site# 02-005-B 
CPR# 9307-0098 
 

Background 
The Site ID was described as containing six marsh benches in one monitoring report. We only identified five benches. 
Habitat constructed in 1993 and planted in 1995.  The entire project was planted with 11460 Carex lyngbyei golf-cup 
cutter plugs extracted from natural marshes in the North and middle arms, and Sturgeon Bank. Transplants were planted 
at 0.5 centre-to-centre interval. Monitoring indicated a near-100% survivorship of transplants, with a coverage <25%. 
Habitat compensation goal = 1524 sqm marsh habitat. 

 

Description 
02-005-B is the second in a series of 5 marsh benches (West to East).  The site is a small protruding bench (337 sqm), 
protected by a large log boom along the immediate foreshore.  Soil deposition has almost completely covered the riprap 
foreshore, creating a smooth transition from marsh to mudflat.  There are 2 vegetative communities at this site.  
Community 1 (19% of site) is most representative of typical marsh vegetation, and is  dominated by native Carex lyngbyei, 
and aggressive exotics, such as Agrostis capillaris and Myosotis scorpioides. Community 2 (81% of site) is primarily 
exposed mud (~ 75% bare ground) with a stunted herb community (1 cm tall) dominated by low marsh hydrophytes (e.g. 
Callitriche stagnalis). 

 
Morphological Features 
Flat site with no significant drainage channels or depressions.  Significant evidence of sediment deposition along 
foreshore. 

 
Impacts & Stressors 
Exotic species Myosotis scorpioides and  Agrostis capillaris are acting aggressively at this site and may be displacing native 
species  (>15% cover in >10% of plots (Oregon Department of State Lands, 2009)1.   
 
1 Oregon Department of State Lands. (2009). Routine Monitoring Guidance for Vegetation. Retrieved from 
http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf 

 
Wildlife Sightings/Evidence 
None. 

 
Adjacent Land Use 
Public riverside walking trail above site (N), separated by mature riparian vegetation.  Beyond the walking trail are light 
industrial facilities. 

 
Threatened Plant Species (Provincial/Federal) 
Two threatened species were sampled: Eleocharis parvula and Juncus oxymeris, totaling a mean % cover of 0.6 +/- 0.4 in 
target habitat. 

 
Invasive Species 
Two invasive species were sampled: Lythrum salicaria and Phalaris arundinacea, totaling a mean % cover of 1.6 +/- 1.2 in 
target habitat. 

 
 
 
 
 

http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf
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Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, CI(95%) 

% Log 
Debris, 
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 63.3 18.8 17.3 +/- 9.8 0 +/- 0 1.53 9 Marsh habitat (target habitat) 

2 274.0 81.2 75.0 +/- 14.0 0 +/- 0 1.04 6 Mostly exposed mud, with stunted herb 
Community (1 cm tall).  Vegetation dominated by 
species associated with mud flats and low marsh 
habitats. 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute % 

Cover 
CI 

(95%) n 

Relative 
Dominance 

(%) 

1 Lyngbye's sedge Carex lyngbyei N 1 47.3 21.0 9 62.0 

1 colonial bentgrass Agrostis capillaris E 3 15.2 10.4 9 19.9 

1 European forget-
me-not 

Myosotis 
scorpioides 

E 2 11.1 15.0 9 12.7 

2 pond water-
starwort 

Callitriche stagnalis E 1 21.5 11.9 6 93.0 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 74.0% Fair The successful establishment of target habitat for sites 02-005-A to 
E is 74%; however, including the mudflat habitat, the total area 
built exceeds the target marsh gain of 1524 sqm. 

2. Proportion/Relative % 
Cover Native Species 

86.7 66.9 Fair The total vegetation cover in the target habitat at this site is high 
(83%), but is dominated by exotic species acting aggressively. 
Relative % cover native species is far below average  of nearby 
reference sites REF-05-001 and REF-02-001. 

 
Recommendations 

30.6%

1.8%

66.2%

0.6% 0.8%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	9
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Mitigation 

Impact Priority Rank 
 (1 Low - 5 High) 

Action 
Required 

Comments 

Exotic 
Species 

3 Control exotic 
species and 
replant with 
native species 

 At this site exotic Myosotis scorpioides and Agrostis capillaris are acting 
aggressively and may be displacing native species or limiting their colonization.  
Exotic species account for 31% of the vegetation present in the target habitat 
dominated by M. scorpioides (13% relative dominance) and A. capillaris (20%).  
This site would benefit from control actions and replanting of native species to 
prevent further expansion of these exotic species. 

Bare 
Ground 

4 Increase 
vegetation 
cover 

The majority of this site is dominated by Community 2, a sparsely vegetated 
mudflat. The presence of a mudflat may indicate other stressors and may suggest 
that it cannot support a high density of vegetation without addressing them (such 
as waterfowl grazing, elevation too low, wave action, hydrological processes).  
Determining the cause of the mudflat is advisable prior to any planting actions. 

Monitoring 

Impact Priority Rank 
 (1 Low - 5 High) 

Action 
Required 

Comments 

None    
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Site# 02-005-C 
CPR# 9307-0098 
 

Background 
The Site ID was described as containing six marsh benches in one monitoring report. We only identified five benches. 
Habitat constructed in 1993 and planted in 1995.  The entire project was planted with 11460 Carex lyngbyei golf-cup 
cutter plugs extracted from natural marshes in the North and middle arms, and Sturgeon Bank. Transplants were planted 
at 0.5 centre-to-centre interval. Monitoring indicated a near-100% survivorship of transplants, with a coverage <25%. 
Habitat compensation goal = 1524 sqm marsh habitat. 

 

Description 
02-005-C is the third in a series of 5 benches (West to East).  The site is a small protruding bench (556 sqm) armoured by a 
large log boom along the immediate foreshore.  Soil deposition has almost completely covered the riprap foreshore, 
creating a smooth transition from marsh to mudflat. There are 2 vegetative communities at this site.  Community 1 (58% 
of area) is most representative of marsh vegetation, and is dominated by Sparganium angustifolium and Callitriche 
stagnalis. Both of these species are indicators of slow moving standing water, perhaps suggesting that the foreshore log 
boom may be impacting vegetation by calming flows. Community 2 (42% of area) is primarily exposed mud (apx. 68% 
bare ground) with a stunted herb community dominated by Callitriche stagnalis and other low-marsh hydrophytes. 

 
Morphological Features 
Flat site with no significant drainage channels or depressions. Significant evidence of sediment deposition along 
foreshore. 

 
Impacts & Stressors 
Site is dominated by Sparganium angustifolium and Callitriche stagnalis, indicating slow moving or standing water. This 
suggests that the log boom may be impacting vegetation by reducing river flows. 

 
Wildlife Sightings/Evidence 
None. 

 
Adjacent Land Use 
Public riverside walking trail above site, separated by mature riparian vegetation.  Beyond the walking trail are light 
industrial facilities. 

 
Threatened Plant Species (Provincial/Federal) 
One threatened species was sampled in target habitat: Eleocharis parvula (blue-listed), totaling a mean % cover of 0.2 +/- 
0.3 in target habitat. 

 
Invasive Species 
Two invasive species were sampled in target habitat: Lythrum salicaria and Phalaris arundinacea, totaling a mean % cover 
of 3.4 +/- 6.6. 
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Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris 

CI (95%) 

Wetland 
Indicator 

Status n Description 

1 323.1 58.2 34.1 +/- 8.4 None 1.04 8 Marsh habitat (target habitat) 

2 232.5 41.8 67.8 +/- 18.8 None 1.01 5 Mostly exposed mud, with stunted herb 
Community (1 cm tall).  Vegetation dominated 
by species associated with mud flats and low 
marsh habitats. 

Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover CI (95%) n 

Relative 
Dominance 

(%) 

1 narrow-leaved bur-
reed 

Sparganium 
angustifolium 

N 1 37.1 16.3 8 69.2 

1 pond water-
starwort 

Callitriche stagnalis E 1 10.1 10.1 8 18.9 

2 pond water-
starwort 

Callitriche stagnalis E 1 27.0 21.0 5 93.0 

 
Origin Class Proportions (Based on % Cover in Target Habitat) 

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 74.0% Fair The successful establishment of target habitat for sites 02-005-A 
to E is 74%; however, including the mudflat habitat, the total 
area built exceeds the target marsh gain of 1524 sqm. 

2. Proportion/Relative % 
Cover Native Species 

86.7 74.1 Good Relative % cover of native species is slightly less than nearby 
reference sites REF-05-001 and REF-02-001, but still within 
acceptable limits. Site success is reduced by the abundance of 
bare ground, with 34% mean cover in Community 1 (58% of site) 
and 68% in Community 2 (42% of site). 

 
 
 
 
 

20.1%

5.0%

73.9%

0.3% 0.7%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	8



89 
 

Recommendations 
Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Slow moving 
water 

4 Improve water flow Site is dominated by Sparganium angustifolium and Callitriche stagnalis, 
indicating slow moving or standing water.  This suggests that the log 
boom may be impacting vegetation by reducing river velocity.  Consider 
ways to improve water flow to this site. 

 Bare Ground 3 Increase vegetation 
cover 

Community 2 accounts for 42% of this site.  It is a sparsely vegetated 
mudflat with bare ground accounting for approximately 68% of this 
community.  The presence of a mudflat may indicate other stressors and 
may suggest that it cannot support a high density of vegetation without 
first addressing them (such as waterfowl grazing, elevation too low, 
wave action, hydrological processes).  Determining the cause of the 
mudflat is advisable prior to any planting actions. 

Monitoring 

Impact Priority Rank (1 
Low - 5 High) 

Action Required Comments 

None    
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Site# 02-005-D 
CPR# 9307-0098 
 

Background 
The Site ID was described as containing six marsh benches in one monitoring report. We only identified five benches. 
Habitat constructed in 1993 and planted in 1995.  The entire project was planted with 11,460 Carex lyngbyei golf-cup 
cutter plugs extracted from natural marshes in the North and middle arms, and Sturgeon Bank. Transplants were planted 
at 0.5 centre-to-centre interval. Monitoring indicated a near-100% survivorship of transplants, with a coverage <25%. 
Habitat compensation goal = 1524 sqm marsh habitat. 
 

Description 
02-005-D is the fourth in a series of 5 benches (West to East).  The site is a small protruding bench (194 sqm) protected by 
a large log boom along the immediate foreshore. Soil deposition has almost completely covered the riprap, creating a 
smooth transition from marsh to mudflat. There are vegetative 2 communities at this site. Community 1 (86% of area) is 
most representative of marsh vegetation; however, it is heavily dominated by exotic Myosotis scorpioides (62% relative 
dominance) followed by native Sparganium angustifolium (14% relative dominance), a species that  often indicates slow-
moving water. The dominance of S. angustifolium may suggest that the foreshore log boom may be impacting vegetative 
community by reducing river velocities.  Community 2 (14% of area) is primarily exposed mud, with stunted herb 
community dominated by Callitriche stagnalis, and other low-marsh hydrophytes. 

 
Morphological Features 
Flat site with no significant drainage channels or depressions. Significant evidence of sediment deposition along 
foreshore. 

 
Impacts & Stressors 
Site has a significant amount of Sparganium angustifolium suggesting that the log boom may be creating too much of a 
water calming effect. Exotic Myosotis scorpioides is acting aggressively at this site and may be displacing or preventing the 
colonization of native species (>15% cover in >10% of plots (Oregon Department of State Lands, 2009)1.   
 
1 Oregon Department of State Lands. (2009). Routine Monitoring Guidance for Vegetation. Retrieved from 
http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf 

 
Wildlife Sightings/Evidence 
None. 

 
Adjacent Land Use 
Public riverside walking trail above site, separated by mature riparian vegetation.  Beyond the walking trail are light 
industrial facilities. 

 
Threatened Plant Species (Provincial/Federal) 
One threatened species was sampled in target habitat: Lilaea scilloides (blue-listed), totaling a mean % cover of 0.3 +/ 0.3. 
Eleocharis parvula was also sampled in Community 2, totaling a mean % cover of 0.2 +/- 0.3.  
 

Invasive Species 
Two invasive species were sampled in target habitat: Lythrum salicaria and Phalaris arundinacea, totaling a mean % cover 
of 14.9 +/- 27.5. 

 
 
 
 

http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf
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Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, 
CI(95%) 

% Log 
Debris, 
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 167.6 86.4 15.4 +/- 17.4 None 1.79 6 Marsh habitat (target habitat) 

2 26.4 13.6 45.0 +/- 39.2 None 1.02 3 Mostly exposed mud, with stunted herb 
Community (1 cm tall).  Vegetation dominated by 
species associated with mud flats and low marsh 
habitats. 

Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover 

CI 
(95%) n 

Relative 
Dominance 

(%) 

1 European forget-
me-not 

Myosotis scorpioides E 2 37.0 31.2 6 61.6 

1 narrow-leaved bur-
reed 

Sparganium 
angustifolium 

N 1 20.8 26.6 6 13.9 

2 pond water-
starwort 

Callitriche stagnalis E 1 55.7 36.6 3 96.1 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 74.0% Fair The successful establishment of target habitat for sites 02-005-A to 
E is 74%; however, including the mudflat habitat, the total area 
built exceeds the target marsh gain of 1524 sqm. 

2. Proportion/Relative % 
Cover Native Species 

86.7 31.8 Poor The total vegetation cover in the target habitat at this site is high 
(85%), but is dominated by exotic species acting aggressively. 
Relative % cover of native species is significantly lower than average 
of nearby reference sites REF-05-001 and REF-02-001. 

 
 
 
 
 

49.8%

16.7%

31.5%

0.3%
1.8%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	6
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Recommendations 
Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Exotic species 5 Control exotics 
and replace with 
native species 

 At this site exotic Myosotis scorpioides and Agrostis capillaris are 
acting aggressively and may be displacing native species or limiting 
their colonization.  Exotic species account for 50% of the vegetation 
present in the target habitat dominated by M. scorpioides (62% 
relative dominance.  This site would benefit from control actions and 
replanting of native species to prevent further expansion of these 
exotic species. 

Slow moving 
water 

3 Improve water 
flow 

Site has a significant amount of Sparganium angustifolium, indicating 
slow moving or standing water. Log boom is likely the primary driver 
of these conditions. Consider ways to improve water flow to this site 
to increase vegetative cover. 

Bare ground 2 Increase 
vegetation cover 

Community 2 accounts for 14% of this site.  It is a sparsely vegetated 
mudflat with bare ground accounting for approximately 45% of this 
community.  The presence of a mudflat may indicate other stressors 
and may suggest that it cannot support a high density of vegetation 
without first addressing them (such as waterfowl grazing, elevation 
too low, wave action, hydrology).  Determining the cause of the 
mudflat is advisable prior to any planting actions. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

None    
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Site# 02-005-E 
CPR# 9307-0098 
 

Background 
The Site ID was described as containing six marsh benches in one monitoring report. We only identified five benches. 
Habitat constructed in 1993 and planted in 1995.  The entire project was planted with 11460 Carex lyngbyei golf-cup 
cutter plugs extracted from natural marshes in the North and middle arms, and Sturgeon Bank. Transplants were planted 
at 0.5 centre-to-centre interval. Monitoring indicated a near-100% survivorship of transplants, with a coverage <25%. 
Habitat compensation goal = 1524 sqm marsh habitat. 

 

Description 
02-005-E is the fifth in a series of 5 benches (West to East).  The site is a small protruding bench (327 sqm) protected by a 
large log boom along the immediate foreshore.   Soil deposition has almost completely covered the riprap, creating a 
smooth transition from marsh to mudflat. There is only 1 vegetative community at this site. Community 1 represents 
typical marsh vegetation, and is dominated by native Carex lyngbyei, and exotics Myosotis scorpioides and Agrostis 
capillaris. 

 
Morphological Features 
Flat site with no significant drainage channels or depressions. Significant evidence of sediment deposition along 
foreshore. 

 
Impacts & Stressors 
Exotics Myosotis scorpioides and Agrostis capillaris are acting aggressively at this site and may be displacing or preventing 
the colonization of native species (>15% cover in >10% of plots (Oregon Department of State Lands, 2009)1.   
 
1 Oregon Department of State Lands. (2009). Routine Monitoring Guidance for Vegetation. Retrieved from 
http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf 
 
 

Wildlife Sightings/Evidence 
None. 
 
Adjacent Land Use 
Public riverside walking trail above site, separated by mature riparian vegetation.  Beyond the walking trail are light 
industrial facilities. 

 
Threatened Plant Species (Provincial/Federal) 
Two threatened plant species were sampled in target habitat: Eleocharis parvula (blue-listed) and Juncus oxymeris (blue-
listed), with a total mean % cover of 0.1 +/- 0.2. 

 
Invasive Species 
Two invasive species were sampled in target habitat: Lythrum salicaria, and Iris pseudacorus, totaling a mean % cover of 
0.4 +/- 0.4. 

 
 
 
 
 
 

http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf
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Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, 
CI(95%) 

% Log 
Debris, 
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 327.2 100 4.6 +/-  6.5 None 1.54 12 Marsh habitat (target habitat) 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute % 

Cover CI (95%) n 

Relative 
Dominance 

(%) 

1 Lyngbye's sedge Carex lyngbyei N 1 48.2 20.5 12 50.8 

1 European forget-
me-not 

Myosotis 
scorpioides 

E 2 19.3 8.8 12 24.5 

1 colonial bentgrass Agrostis capillaris E 3 12.3 5.3 12 14.2 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 74.0% Fair The successful establishment of target habitat for sites 02-005-A to 
E is 74%; however, including the mudflat habitat, the total area 
built exceeds the target marsh gain of 1524 sqm. 

2. Proportion/Relative % 
Cover Native Species 

86.7 67.3 Fair The total vegetation cover in the target habitat at this site is high 
(95%), but exotic species acting aggressively are the next most 
dominant and may warrant mitigation to prevent 02-005-E from 
becoming as dominated by exotics as 02-005-A,B & D. Relative % 
cover of native species is significantly lower than average of nearby 
reference sites REF-05-001 and REF-02-001. 

 
 
 
 
 
 
 

32.0%

0.4%

67.2%

0.1%
0.3%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	12
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Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action 
Required 

Comments 

Exotic 
Species 

4 Control and 
replant with 
native species 

At this site exotic Myosotis scorpioides and Agrostis capillaris are acting 
aggressively and may be displacing native species or limiting their colonization.  
Exotic species account for 32% of the vegetation present in the target habitat 
dominated by M. scorpioides (24%). This site would benefit from control actions 
and replanting of native species to prevent 02-005-E from becoming as 
dominated by exotics as 02-005-A,B & D. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action 
Required 

Comments 
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Site# 02-007-A 
CPR# 8901-003 

 

Background 
1085 sqm of intertidal mudflat, 1720 sqm of marsh, and 175 sqm of riparian habitat were impacted as a result of shoreline 
works. Compensation habitats (3) were created and planted in 1993. Marsh habitats were planted with 14272 Carex 
lyngbyei golf-cup cutter plugs, acquired from nearby natural tidal marshes, and planted at 0.5 m centre-to-centre intervals. 
Monitoring revealed that after three growing seasons coverage by marsh vegetation had approached 100%, dominated by 
C. lyngbyei, Eleocharis palustris and Juncus articulatus. Total habitat compensation goal of three compensation habitats 
(02-007-A,B,C)  = 3984 sqm marsh and 175 sqm riparian habitat. 

 

Description 
Marsh is created in an embayment with its foreshore edge in line with the surrounding shoreline.  Backshore boundaries 
of marsh are bordered by a riprap slope with a ~1.5 m strip of riparian vegetation above. Front of marsh is armoured by a 
riprap slope, which descends into the low intertidal.  An outflow pipe feeds into the Fraser River approximately 5 m 
upstream from site.  No log boom protection is in place, despite frequent tug activity in neighbouring North Arm. A 
vegetated mudflat (Community 2) presently accounts for approximately 28% of the site and occurs along the marsh 
foreshore.  
 
Community 1 (target habitat) was dominated by Agrostis stolonifera and Carex lyngbyei with 27% and 23% relative 
dominance respectively, followed by Schoenoplectus tabernaemontani and Equisetum fluviatile, each with 10% relative 
dominance. Community 2 (vegetated mudflat) vegetation was severely stunted, and was dominated by low-marsh species 
such as threatened Eleocharis parvula and aquatic Crassula aquatica. Significant evidence of waterfowl grazing was 
observed in both communities. Some log debris was present, especially along the backshore near toe of riprap dike.   

 
Morphological Features 
Flat marsh with occasional pool of standing water. No significant drainage channels. Backed by riprap slope. 

 
Impacts & Stressors 
Significant evidence of waterfowl grazing. Some log debris, especially along back near riprap.   
Exotic Agrostis stolonifera is acting aggressively at this site (>15% cover in >10% of plots (Oregon Department of State 
Lands, 2009)1.   
 
1Oregon Department of State Lands. (2009). Routine Monitoring Guidance for Vegetation. Retrieved from 
http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf 

 
Wildlife Sightings/Evidence 
5 Canada Geese were observed using habitat. 

 
Adjacent Land Use 
Residential condos and town houses (N). Paved BC Parkway multi-use trail at top of backshore dike. 

 
Threatened Plant Species (Provincial/Federal) 
Two threatened species were sampled in target habitat: Eleocharis parvula (blue-listed) and Juncus oxymeris (blue listed), 
with a mean % cover of 0.6 +/- 1.1. Eleocharis palustris also occurred in Community 2, with a mean % cover of 10.6 +/- 
2.4. 

 
 
 

http://www.oregon.gov/dsl/PERMITS/docs/dsl_routine_monitoring_guidance.pdf
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Invasive Species 
Two invasive species were sampled in target habitat: Lythrum salicaria and Phalaris arundinacea, with a mean % cover of 
5.5 +/- 5.0.  

 
Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground, 
CI(95%) 

% Log 
Debris, 
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 997.0 72.2 2.5 +/- 1.5 n/a 1.65 10 Marsh habitat (target habitat) 

2 383.0 27.8 69.5 +/- 14.0 n/a 1.00 5 Vegetated Mudflat 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover 

CI 
(95%) n 

Relative 
Dominance 

(%) 

1 creeping bentgrass Agrostis stolonifera E 3 24.5 8.0 10 27.3 

1 [ȅƴƎōȅŜΩǎ ǎŜŘƎŜ Carex lyngbyei N 1 26.4 15.5 10 23.5 

1 soft-stemmed 
bulrush 

Schoenoplectus 
tabernaemontani 

N 1 13.0 12.0 10 10.1 

2 small spike-rush Eleocharis parvula N 1 10.6 2.4 5 38.3 

2 pigmyweed Crassula aquatica E 1 6.6 7.6 5 23.8 

2 pond water-starwort Callitriche stagnalis E 1 4.8 7.5 5 17.3 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
 
 
 
 
 
 
 
 
 
 

28.3%

45.3%

57.5%

0.5%
9.2%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	10
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Compensation Success 
 Criterion Target 

Percent 
Actual 

Percent 
Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 67.0% Fair The successful establishment of target habitat for sites 02-007-A 
to C is 67%; however, including the mudflat habitat, the total 
area built meets the target marsh gain of 3984 sqm.  The 
presence of the mudflat at this location may be due to a number 
of stressors or a combination of stressors such as waterfowl 
grazing, trampling, wave action, erosion, hydrological processes, 
and/or site elevation. 

2. Proportion/Relative % 
Cover Native Species 

86.7 58.0 Fair The total vegetation cover in the target habitat at this site is high 
(98%), however the relative % cover of native species is below 
the average of neighbouring reference sites REF-05-001 and REF-
02-001. 

 
Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Exotic 
species 

3 Control and replant 
with native species. 

Exotic Agrostis stolonifera is acting aggressively at this site.  Exotic 
species account for 28% of the vegetation present in the target habitat 
dominated by creeping bentgrass (27% relative dominance). This site 
would benefit from exotic control activities and replanting of native 
species in order to increase dominance of native species, and improve 
site resiliency. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Log debris 2 Monitor 
increase/decrease 
over time 

Monitor log debris by measuring log debris accumulation zone or via 
photo monitoring.  Consider removal if log debris builds up and begins 
to significantly impact vegetation cover. 

Mudflat 
expansion 

4 Monitor recession/ 
expansion of 
foreshore 
vegetated mudflat 

Monitor mudflat for expansion via area mapping/photo monitoring.  If 
expansion is occurring, consider determining cause and mitigating 
expansion.  The presence of the mudflat at this location may be due to a 
number of stressors or a combination of stressors such as waterfowl 
grazing, trampling, wave action, erosion, hydrological processes, and/or 
elevation. 
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02-007-B 
CPR# 8901-003 

 

Background 
1085 sqm of intertidal mudflat, 1720 sqm of marsh, and 175 sqm of riparian habitat were impacted as a result of shoreline 
works. Compensation habitats (3) were created and planted in 1993. Marsh habitats were planted with 14272 Carex 
lyngbyei golf-cup cutter plugs, acquired from nearby natural tidal marshes, and planted at 0.5 m centre-to-centre intervals. 
Monitoring revealed that after three growing seasons coverage by marsh vegetation had approached 100%, dominated by 
C. lyngbyei, Eleocharis palustris and Juncus articulatus. Total habitat compensation goal of three compensation habitats 
(02-007-A,B,C)  = 3984 sqm marsh and 175 sqm riparian habitat. 

 

Description 
Marsh is created in an embayment with its foreshore edge in line with the surrounding shoreline.  Backshore boundaries 
of marsh are bordered by a riprap slope with a ~1.5 m strip of riparian vegetation above. Front of marsh armoured by a 
riprap slope, which descends into the low intertidal.  An outflow pipe feeds into the Fraser River approximately 5 m 
upstream from site.  No log boom protection is in place, despite frequent tug activity in neighbouring North Arm. A 
vegetated mudflat (Community 2) presently accounts for approximately 18% of the site.  
 
Community 1 (target marsh habitat) was dominated by native Juncus balticus, followed by subdominant Lycopus sp. and 
exotic Agrostis stolonifera. Community 2 (vegetated mudflat) vegetation was severely stunted, and was dominated by 
low-marsh species such as native Juncus articulatus and threatened Eleocharis parvula. Significant evidence of waterfowl 
grazing was observed in both communities. Some log debris was observed, especially along backshore near toe of riprap 
slope.   

 
Morphological Features 
Flat marsh with a significant area of pooled water in the middle. Hummocking by Juncus balticus has led to creation of 
minor channels, potentially increasing access for fish.  No significant drainage channels were observed. Backed by riprap 
slope. 

 
Impacts & Stressors 
Significant evidence of waterfowl grazing. Some log debris, especially along backshore near to of riprap slope.  

 
Wildlife Sightings/Evidence 
Small fish observed in ponded area. 

 
Adjacent Land Use 
Residential condos and town houses (N). Paved BC Parkway multi-use trail at top of backshore dike. 

 
Threatened Plant Species (Provincial/Federal) 
One threatened species was sampled in target habitat: Juncus oxymeris (blue listed), with a mean % cover of 0.7 +/- 1.4.  
Eleocharis palustris (blue-listed) occurred in Community 2, with a mean % cover of 1.0 +/- 1.0. 
 

Invasive Species 
Three invasive species were sampled in target habitat: Lythrum salicaria, Iris pseudacorus, and Phalaris arundinacea, with 
a mean % cover of 10.0 +/- 9.6.  
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Community Descriptions 

Community  
Area 
(m²) 

% of 
Total 
Area 

% Unvegetated 
Ground,  
CI (95%) 

% Log 
Debris,  
CI (95%) 

Wetland 
Indicator 

Status n Description 

1 481.0 81.5 4.4 +/- 3.3 1.0 +/-2.0 1.77 10 Marsh habitat (target habitat) 

2 109.0 18.5 72.2 +/- 9.4 none 1.19 5 Vegetated Mudflat 

 
Dominant Species 

Community Common Name Scientific Name 
Origin 

(N/T/E/I) 

Wetland 
Indicator 

Status 

Mean 
Absolute 
% Cover 

CI 
(95%) n 

Relative 
Dominance 

(%) 

1 Baltic rush Juncus balticus N 2 50.0 32.6 10 47.2 

1 horehound Lycopus sp. U 1 10.3 10.9 10 13.6 

1 creeping bentgrass Agrostis stolonifera E 3 11.8 11.3 10 13.4 

2 jointed rush Juncus articulatus N 1 4.7 1.7 3 27.8 

2 small spike-rush Eleocharis parvula T 1 3.0 1.1 3 17.9 

2 water mudwort Limosella aquatica N 1 2.0 1.1 3 11.9 

2 pond water-starwort Callitriche stagnalis E 1 1.8 1.4 3 10.9 

2 pigmyweed Crassula aquatica N 1 1.8 2.1 3 10.9 

 
Origin Class Proportions (Based on % Cover in Target Habitat)

 
 
Compensation Success 

 Criterion Target 
Percent 

Actual 
Percent 

Success Description 

1. Proportion of Target 
Habitat Established(% of 
area goal) 

100.0* 67.0 Fair The successful establishment of target habitat for sites 02-007-A 
to C is 67%; however, including the mudflat habitat, the total area 
built meets the target marsh gain of 3984 sqm.  The presence of 
the mudflat at this location may be due to a number of stressors 
or a combination of stressors such as waterfowl grazing, 
trampling, wave action, erosion, hydrological processes, and/or 
elevation. 

2. Proportion/Relative % 
Cover Native Species 

86.7 70.4 Fair The total vegetation cover in the target habitat at this site is high 
(95%), however the relative % cover of native species is below the 
average of neighbouring reference sites REF-05-001 and REF-02-
001. 

11.22%

8.98%

69.75%

0.63%
9.43%

Exotic Invasive Native	(non-threatened) Native	(threatened) Unknown	Origin

n	=	10
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Recommendations 

Mitigation 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Invasive Species 3 Control Iris pseudacorus Iris pseudacorus is present in small clumps and therefore 
would be easy to control at this stage to prevent spread. 

Monitoring 

Impact Priority Rank  
(1 Low - 5 High) 

Action Required Comments 

Log Debris 2 Monitor increase/decrease 
over time 

Monitor log debris by measuring log debris accumulation zone 
or via photo monitoring.  Consider removal if log debris builds 
up and begins to significantly impact vegetation cover. 

Mudflat 
Expansion 

4 Monitor recession/ 
expansion of foreshore 
vegetated mudflat 

Monitor mudflat for expansion via area mapping/photo 
monitoring.  If expansion is occurring, consider determining 
cause and mitigating expansion.  The presence of the mudflat 
at this location may be due to a number of stressors or a 
combination of stressors such as waterfowl grazing, trampling, 
wave action, erosion, hydrology, and/or site elevation. 

 

  


