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EXECUTIVE SUMMARY

In 2003, The National Oceanic and Atmospheric Administration (NOAA), New York Department of
Environmental Conservation, U.S. Fish and Wildlife Service, and the Town of North Hempstead restored
the salt marsh in Bar Beach Lagoon, North Hempstead, New York, as part of a Superfund settlement
addressing natural resource damages that had occurred as a result of the release of contaminants into
Hempstead Harbor. Restoration activities included the removal of substantial volumes of fill consisting of
sand, gravel, concrete, and solid waste debris from the site, as well as the physical removal of
approximately 0.2 acres of common reed (Phragmites australis). FEach of the fill removal areas was
excavated to sub-grade, backfilled with clean soils, and planted with native wetland and coastal upland
plant species.

The Louis Berger Group, Inc., conducted the first year monitoring of the five year monitoring program
from September 27" to October 1% of 2004. This event consisted of biological monitoring of vegetation,
fish, and macroinvertebrates at the restoration site and at a nearby reference site. Avian monitoring was
conducted by an experienced birder (volunteer) arranged by NOAA staff. In addition to the above-
mentioned biological data, marsh elevation data were also gathered to investigate potential fill compaction
at the restoration site. The monitoring program was developed in collaboration with NOAA staff, and in
accordance with the Final Restoration Plan (NOAA et al. 2002).

After the first year of monitoring, the restoration site has nearly met the 85 percent native species
vegetative cover requirement and the re-establishment of Phragmites and other undesirable invasive species
has been limited to 10 percent or less of the total restored area, as set forth in the restoration plan.
Quadrat sampling revealed that an average of 83.4 percent of the restoration site was covered with native
vegetation. Ground cover by Phragmites was limited to 0.5 percent of the restoration site.

Monitoring results indicate that the fish community of the restoration site is as diverse as that of the
reference site. Monitoring results also suggest that the restoration site supports more diverse benthic
macroinvertebrate and avian communities than the reference site. Species richness of fish at the
restoration site was equal to that of the reference site. Species richness of benthic macroinvertebrates and
birds at the restoration site was greater than that of the reference site. Fish density and abundance at the
restoration site were greater than that of the reference site. Benthic macroinvertebrate abundance at the
restoration site was considerably lower than that of the reference site, but this is to be expected in Year 1,
as the establishment of beds of the ribbed mussel, the most abundant species found at both sites, may take
years. Avian abundance at the restoration site was considerably higher than the reference site, and is
probably due to differences in the surrounding habitats of each site.

The first year monitoring results indicate that restoration efforts to date have been successful in
establishing a diverse population of salt marsh plant and animal species. The planted salt marsh grasses
are well established, and Berger recommends that the goose exclusion fence be removed. However, there
is still bare ground in areas of the coastal shoreline zone and the silt barrier is holding back several inches
of sediment in some areas, so Berger recommends that the silt barrier remain in place at least through the
next growing season.

National Oceanic and Atmospheric Administration i
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1.0 INTRODUCTION

In 2003, The National Oceanic and Atmospheric Administration (NOAA), New York Department of
Environmental Conservation, U.S. Fish and Wildlife Service, and the Town of North Hempstead restored
the salt marsh in Bar Beach Lagoon (also known as Hempstead Harbor Cove, see Figure 1), North
Hempstead, New York, as part of a Superfund settlement addressing natural resource damages that had
occurred as a result of the release of contaminants into Hempstead Harbor. Prior to restoration activities,
Bar Beach Lagoon consisted of a mosaic of intertidal mudflat, sandflat, patchy low salt marsh, and
shellfish beds. Restoration activities included the removal of substantial volumes of fill consisting of sand,
gravel, concrete, and solid waste debris from the site. Removal of common reed (Phragmites australis)
was also a component of the project, and involved physical removal of approximately 0.2 acres. Each of
the fill removal areas was excavated to sub-grade, backfilled with clean soils, and planted with native
wetland and coastal upland plant species.

Smooth cordgrass (Spartina alterniflora) was planted in the intertidal zone at elevations from 2.5 to 4 feet
National Geodetic Vertical Datum (NGVD). Salt marsh cordgrass (Spartina patens) and spikegrass
(Distichlis spicata) were planted in the high marsh at elevations from 4 to 5 feet NGVD. Between the high
marsh and the upland, a coastal shoreline community consisting of marsh elder (Iva frutescens), groundsel-
bush (Baccharis halimifolia), perennial ryegrass (Panicum amarum), and seaside goldenrod (Solidago
sempervirens) was planted. Upland areas adjacent to the restoration site were seeded with a native warm
season grass mixture and various native shrubs were planted in the upland periphery. Additional plantings
in 2004 augmented the 2003 plantings where mortality, erosion, and fill compaction occurred. Virginia
creeper (Parthenocissus virginiana) was initially planted in the upland area, but because its survival was
poor and the primary purpose was stabilization of soils, it was not replanted.

As part of the Superfund settlement, a monitoring program was implemented to assess the extent of success
of the restoration project. The performance criteria for the restoration project requires 85 percent
vegetative cover of the restoration area (marsh and stabilized coastal shoreline) within 5 years of initial
planting and minimal re-establishment of Phragmites and other undesirable invasive vegetation to 10
percent or less of the total restored area. Performance criteria also included 90 percent survival of
Spartina alterniflora and shoreline vegetation after two full growing seasons, which was independently
evaluated by NOAA and not discussed in this report. In addition, fish, benthic macroinvertebrate, and
avian species abundance, richness, and composition must demonstrate a strong positive trend toward and
not significantly differ from that of a reference marsh. The reference marsh, located 600 feet to the
northeast of the restoration site, is also a fringing marsh and was selected to serve as the reference site for
this monitoring program. The baseline reference marsh originally used by NOAA during pre-restoration
monitoring, located approximately half a mile south of Bar Beach Lagoon, was not selected as the
reference site for post-construction monitoring because of the ease of access to the closer site and because
it was no more similar in habitat. The restoration and reference sites are similar in size, each consisting of
approximately 0.75 acres.

On behalf of NOAA, The Louis Berger Group, Inc. conducted the first year of monitoring from September
27" to October 1% of 2004. This event consisted of monitoring of vegetation, fish, and macroinvertebrates
at the restoration site and the nearby reference site. Avian monitoring was conducted by an experienced
birder (volunteer) arranged by NOAA staff. In addition to the above-mentioned biological data, marsh
elevation data were also gathered to investigate potential fill compaction at the restoration site.  The
monitoring program was developed in collaboration with NOAA staff, and in accordance with the Final
Restoration Plan (NOAA et al. 2002).

National Oceanic and Atmospheric Administration 1
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2.0 VEGETATION MONITORING

2.1 Methodology

Plant cover at the restoration site and reference site was measured within one-meter square quadrats placed
along permanently established transects. The restoration site was sampled along seven transects composed
of forty quadrats. Six of these transects were oriented from the upland to the lower edge of the marsh,
while the seventh transected the peninsula area from southwest to northeast. The reference site was
sampled along three transects composed of ten quadrats, also oriented from upland to the lower edge of the
marsh. At NOAA'’s request, quadrats were arranged so that the first quadrat was positioned in the coastal
shoreline zone (above 5 feet NGVD), the second quadrat was placed in the high marsh (4 to 5 feet
NGVD), and subsequent quadrats were placed in the low marsh (2.5 to 4 feet NGVD). NOAA initially
estimated the number of vegetation quadrats required to sample the restoration and reference sites at 20
and 10 respectively, but the number of quadrats at the restoration site was increased to 40 to accommodate
the requested sampling in the coastal zone and high marsh and still adequately assess overall vegetative
cover at this site.

The elevation of the center point of each quadrat was determined using a Leica Geosystems Rugby 100
laser level. The ends of each transect were marked in the field with PVC pipes driven into the substrate
and were surveyed with a Trimble Pro XRS Global Positioning System (GPS) with Asset Surveyor. The
distance of each quadrat along the transect was measured and recorded to ensure that the same quadrats
will be sampled each year. The locations of the vegetation transects appear in Figure 2, and the positions
of the transect ends and quadrats are presented in Appendix A.

2.2 Results

A summary of vegetation observed at the restoration and reference sites is presented in Table 1. A total of
12 species were present within the sampled quadrats at the restoration site, seven of which were planted

and five which volunteered, including Phragmites. The coastal shoreline zone at the restoration site was
dominated

Table 1. Vegetative Species Observed.

Common Name Scientific Name Restsoi::tlon Refgirteence
marsh orach Atriplex patula v
groundsel tree* Baccharis halimifolia v
spike grass® Distichlis spicata v
high tide bush* Iva frutescens v v
perennial ryegrass® | Panicum amarum v
Virginia creeper* Parthenocissus cinquefolia v
common reed Phragmites australis v v
pearlwort Sagina procumbens v
glasswort Salicornia europa v
seaside goldenrod* | Solidago sempervirens v v
smooth cordgrass* | Spartina alterniflora v v
salt meadow grass* | Spartina patens v
sea blite Sueda linearis v

*Species planted or seeded at the restoration site

National Oceanic and Atmospheric Administration
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by the planted species Iva frutescens, Panicum amarum, Solidago sempervirens, and Spartina patens,
while the marsh vegetation consisted almost entirely of Spartina alterniflora, Spartina patens, and
Distichlis spicata. Only five species were present within the sampled quadrats at the reference site.
Vegetation in the coastal shoreline zone of the reference site was dominated by Phragmites, Spartina
alterniflora, Parthenocissus cinquefolia, and Iva frutescens, while marsh vegetation consisted exclusively
of Spartina alterniflora and Phragmites.

Figure 3. Vegetation Sampling at the Restoration Site.

Table 2 presents a summary of vegetative ground cover, including cover by Phragmites, for each transect
in the restoration and reference sites, as well as the mean value for these parameters across all transects at
each site. Quadrat sampling indicates that total vegetative cover of the restoration site was 83.9 percent,
with Phragmites accounting for 0.5 percent of cover. Total vegetative cover of quadrats at the reference
site was 83 percent, with Phragmites covering 11.5 percent of ground. Plant field data documenting the
ground cover estimates for the restoration and reference sites, as well as Spartina alterniflora height
measurements, are presented in Appendix B.  Photographs taken along each transect at the restoration
site appear in Appendix C.

Prior to restoration activities, the upper elevations of the restoration site were dominated by Phragmites,
while lower elevations were either unvegetated, or contained some Spartina alterniflora. Sampling
conducted by NOAA in 2002 before the restoration indicated that total plant cover of the restoration site
was approximately 47 percent, with Spartina alterniflora covering 22.5 percent of sampled quadrats and
Phragmites covering 14.5 percent of quadrats sampled. High tide bush, spikegrass, poison ivy
(Toxicodendron radicans), mugwort (Artemisia vulgaris) sea lavender (Limonium sp.), and glasswort were
also present, but accounted for relatively little cover.  Appendix G contains NOAA pre-restoration
monitoring of percent plant cover by species at the restoration site.

National Oceanic and Atmospheric Administration 5



The Louis Berger Group, Inc. Bar Beach Salt Marsh Restoration Monitoring Report: Year 1

Table 2. Summary of Vegetative Ground Cover

Number Mean_ SIS Mean Percent Mean Total
Vegetative Ground .
of . Vegetative Ground Percent
Transect Cover for All Species .
Quadrats , . Cover of Phragmites Cover
Excluding Phragmites
Restoration Site

1 5 82 0 82

2 5 86 1 87

3 5 89 0 89

4 5 80 0 80

5 5 79 3 82

6 10 82 0 82

7 5 87 0 87
Mean (all quadrats) 834 0.5 83.9

Reference Site

8 3 82 8 90

9 4 56 23 79

10 3 82 0 82
Mean (all quadrats) 71.5 11.5 83.0

Vegetation quadrat elevation data are presented in Appendix A. As this is the first year of monitoring, it
represents the baseline conditions with which future elevations will be compared to assess potential fill
compaction. Spartina alterniflora height was closely tied to elevation at both the restoration and reference
sites. Figure 4 presents mean plant height by elevation for both sites. Plant height was greatest at
elevations of approximately two to four feet NGVD, decreasing both above and below this range.

Figure 4. Mean Spartina alterniflora Height by Ground Elevation.
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Mean Spartina alterniflora height within quadrats at the restoration site was 93 cm, while the mean height
of plants in quadrats at the reference site was 117 cm. At both sites, Spartina alterniflora had flowered
and contained seedheads, however, this parameter was not measured and quantified but will be so noted in
the future. In 2002, prior to the restoration, NOAA staff measured Spartina alterniflora height at the
restoration site and reference site, finding the mean height of the remnant plants in the lower tidal
elevations of the restoration site to be 116 cm, while mean plant height at the original reference site was
136 cm. Pre-restoration plant height measurements were taken from different locations than those sampled
for this Year 1 monitoring.

In September 2004, NOAA and Berger staff determined the elevations of high and low marsh habitat
boundaries at the restoration and reference sites. At the restoration site, Spartina alterniflora existing
prior to the restoration occurred at elevations from 0.8 feet to 1.8 feet NGVD, and the planted Spartina
alterniflora was found at elevations from 1.8 feet to 3.9 feet NGVD. The high marsh (from the upper
limit of the low marsh to the observed high tide line) occurred at elevations from 3.9 feet to 6.6 feet
NGVD. At the reference site, the low marsh occurred from elevations of 0.4 to 3.9 feet NGVD, and the
high marsh occurred from 3.9 feet to 5.3 feet NGVD.

National Oceanic and Atmospheric Administration 7
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3.0 FISH MONITORING

3.1 Methodology

Fish use of the restoration and reference sites was investigated by means of throw trap sampling conducted
around the time of high tide. Fifteen stations were determined as the number of stations to sample the fish
communities at the restoration and reference sites based on the funds available for this monitoring contract.
Ten stations were sampled at the restoration site, and five were sampled at the reference site. The throw
locations ranged from high marsh to low marsh. The throw trap consisted of an open-ended one-meter
square polycarbonate box measuring 75 cm in height. Sampling was conducted by throwing the trap onto
the flooded marsh surface so that the open end fully contacted the substrate, preventing any fish escape.
Sampling locations were limited to areas of relatively flat substrate where Spartina alterniflora growth was
not so dense as to prohibit the trap from fully contacting the substrate. Fish and invertebrates were
removed from the trap by passing a meter-wide net of 0.25-inch mesh through the trap. Repeated passes
of the net through the trap were made until three successive passes failed to produce any fish. All fish
were identified to species and measured before being released. Invertebrates were identified to species and
counted. NOAA'’s pre-restoration monitoring efforts included seining for fish in unvegetated low marsh
areas, but the soft bottom sediments made this difficult, and the method does not adequately characterize
fish use of vegetated marsh habitats, so NOAA recommended the use of a throw trap for the post-
construction monitoring.

Figure 5. Throw Trap Sampling for Fish.

National Oceanic and Atmospheric Administration 8
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3.2 Results

Table 3 presents the species richness, abundance, diversity, and density for fish collected in the throw
traps at the restoration and reference sites. Fish field data are provided in Appendix D. A total of three
fish species were caught at the reference and restoration sites: mummichog (Fundulus heteroclitus), striped
killifish (Fundulus majalis), and Atlantic silverside (Menidia menidia). All three of these species were
caught by NOAA during pre-restoration monitoring, however no quantitative comparisons can be made
with this Year 1 data, as the NOAA data does not contain fish counts or lengths.

Overall fish abundance, as measured by the mean number of fish per trap throw, was 21.6 fish at the
restoration site, which was slightly higher than the abundance of 15.4 fish at the reference site.  Fish
density for the restoration site, with a mean of 40.8 fish per cubic meter of water, was markedly higher
than the density of 23.3 fish at the reference site. Fish diversity, as measured by the Shannon-Weaver
Diversity Index, was 0.337 at the restoration site, which was essentially identical to the reference site
diversity index of 0.339. An attempt was made to measure the weight of the fish caught in each throw
using the volume of water displaced by the catch, but a number of throws caught volumes of fish which
were too small to be measured accurately under field conditions. The grass shrimp (Palaemonetes
vulgaris) was caught in every throw at the restoration and reference sites, and the mean abundance and
density were higher at the restoration site than at the reference site. At the restoration site, mean
abundance of the shrimp was 52.3 shrimp per throw, and the density was 98.7 shrimp per cubic meter of
water. At the reference site, mean shrimp abundance was 33 shrimp per throw, and the density was 50
shrimp per cubic meter of water.

The percentage of the total catch by each species was nearly identical at the restoration and reference sites,
with Fundulus heteroclitus at the reference and restoration sites making up 71 and 70 percent of the catch
respectively, Fundulus majalis representing 19 and 22 percent, and Menidia menidia representing 10 and 8
percent.

Table 3. Summary of Fish Sampling Results.

Species Restoration Site Reference Site
(10 throws) (5 throws)
Common Name Scientific Name NI JUEEIL NSO UEEI
Caught | Abundance | Caught | Abundance
Mummichog Fundulus heteroclitus 155 15.5 54 10.8
Striped killifish Fundulus majalis 40 4 17 3.4
Atlantic silverside Menidia menidia 21 2.1 6 1.2
All Species 216 21.6 77 154
Species Richness 3 3
Diversity Index 0.337 0.339
Mean Density (fish per m®) 40.8 23.3

The length frequency distributions of each of the three species appear in Figure 6. Lengths from all trap
throws within the restoration sites were pooled, as were all throws within the reference site. Both sites
contained the same age classes of all three species. Members of the 2004 and 2003 year classes of both
Fundulus species were found at the restoration site and reference site, with these classes consisting of
peaks at approximately 40 mm and 60 mm, respectively. Fundulus heteroclitus individuals of a third age
class also appear to be present at both sites, with lengths ranging from approximately 85 to 105 mm.
Members of the 2004 year class of Menidia menidia were also found at both the restoration site and
reference site, consisting of a peak at approximately 40 mm.

National Oceanic and Atmospheric Administration 9
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Figure 6. Fish Length Frequency Distributions.
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4.0 BENTHIC MACROINVERTEBRATE MONITORING

4.1 Methodology

Benthic macroinvertebrate monitoring was conducted using 0.25-meter square quadrats randomly laid on
the marsh surface. All macroinvertebrates observed within the quadrats were identified and recorded. In
the case of fiddler crabs, burrows were counted. At NOAA’s request, quadrat sampling was stratified in
order to sample both high marsh and low marsh habitats. The initial NOAA sampling ratio of 2:1 was
slightly adjusted to accommodate the stratified sampling and still obtain the majority of samples from the
low marsh, which accounts for most of the area of both sites. Twenty-five quadrats were sampled at the
restoration site (five in the high marsh and twenty in the low marsh), and fifteen quadrats were sampled at
the reference site (three in the high marsh and twelve in the low marsh).

Figure 7. Benthic Macroinvertebrate Quadrat Sampling.

4.2 Results

Table 4 presents macroinvertebrate species composition, abundance, richness, and diversity for the
restoration and reference sites from the quadrat sampling. Macroinvertebrate field data are provided in
Appendix E. Six macroinvertebrate species were found in quadrats at the restoration site, while five
species were observed at the reference site. Ribbed mussels (Geukensia demissa) and mud snails
(Nassarius obsoletus, also known as Ilyanassa obsoleta) dominated the macroinvertebrate communities at
both sites. Burrows of the mud fiddler crab (Uca pugnax) were present at both sites, but were much more
abundant at the restoration site. Individuals of several other crab species and a snail were also observed.
In addition, several green crabs (Carcinus maenas) were caught at the restoration and reference sites

National Oceanic and Atmospheric Administration 11
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during fish throw-trap sampling, but were not included in the benthic macroinvertebrate analysis because
of differences in methodology and the time of sampling relative to high tide.

Macroinvertebrate abundance in the high marsh was low, relative to the low marsh. At the restoration
site, the high marsh was nearly devoid of macroinvertebrates, with only six fiddler crab burrows observed
within the five sampled high marsh quadrats. However, the silt fence in the high marsh area may be
functioning as a barrier to some invertebrate species. No macroinvertebrates were found within the three
high marsh quadrats at the reference site.

Mean macroinvertebrate abundance at the restoration site overall was 77 individuals per quadrat, which is
substantially lower than the mean of 123 individuals per quadrat at the reference site. This difference is
primarily due to ribbed mussels, as most other macroinvertebrates occurred at the restoration and reference
sites in relatively similar abundances. Ribbed mussels were the most abundant macroinvertebrate observed
at both sites, but were nearly twice as abundant at the reference site than at the restoration site. Ribbed
mussel distribution at the restoration site was generally limited to the lower edge of the low marsh, where
Spartina alterniflora existed prior to the restoration. The extremely dense mussel beds observed at the
reference site take years to become established, so it is likely that this species will continue to colonize the
restoration site in subsequent monitoring years. Macroinvertebrate diversity, as measured by the Shannon-
Weaver Diversity Index, was 0.349 at the restoration site, which was higher than the reference site
diversity index of 0.285.

NOAA pre-restoration monitoring estimated the average densities of ribbed mussels and mud snails at the
restoration site to be 19.9 and 18.6 per % square meter, respectively (Appendix G). Both of these
densities are lower than observed densities of these invertebrates during this Year 1 monitoring, however
the NOAA benthic invertebrate quadrats were co-located with plant quadrats, some of which were too high
in the intertidal zone to support macroinvertebrates. NOAA pre-restoration benthic invertebrate monitoring
reported only one crab species, whereas Year 1 monitoring found three crab species at the restoration site.

Table 4. Summary of Benthic Macroinvertebrate Sampling Results.

Species Restoration Site Reference Site
(25 quadrats) (15 quadrats)
e E Number of Mean Number of Mean
Comimen [NEme SEEnie Neme Individuals | Abundance | Individuals | Abundance
Mud fiddler crab Uca pugnax 55 2.2 6 04
Asian shore crab | Hemigrapsus sanguineus 15 0.6 26 1.7
Green crab Carcinus maenas 1 0.04 0 0
Mud crab Neopanopeus sayi 0 0 1 0.1
Ribbed mussel Geukensia demissa 1213 48.5 1348 89.9
Mud snail Nassarius obsoletus 636 25.4 459 30.6
Rough periwinkle Littorina saxatilis 1 0.04 0 0
All Species 1921 76.8 1840 122.7
Species Richness 6 5
Diversity Index 0.349 0.285

Differences between the physical conditions at the restoration and reference sites may be responsible for
some macroinvertebrate species distributions. For example, the greatest density of fiddler crab burrows

National Oceanic and Atmospheric Administration 12
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was in the peninsula area of the restoration site, where the substrate is relatively flat, whereas the reference
site has a relatively uniform slope. The reference site is also more exposed to wave energy than the
restoration site. In particular, the upper elevations of the reference site differ from that of the restoration
site, and probably make the high marsh zone there less favorable for macroinvertebrates: vegetative cover
in the upper elevations of the reference site is generally more sparse; spikegrass and salt meadow hay are
not present; the sediments appear to be more coarse; and there is heavy cover of wrack and debris.

National Oceanic and Atmospheric Administration 13
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5.0 AVIAN MONITORING

5.1 Methodology

Avian monitoring was conducted by an ornithologist from the North Shore Audubon Society arranged by
NOAA. During 2004, monitoring was conducted on nine occasions from October through early
December, generally conducted on a weekly basis. The ornithologist spent 20 minutes at the restoration
site and 20 minutes at the reference site, and noted the bird species present within each site, their numbers
and activity, as well as the weather and tide conditions. Birds within 100 yards of the restoration and
reference sites were also noted, but not included in the analysis, as they were generally flying through the
area, or were between the sites in the parking lot or on the power lines or towers.

5.2 Results

Table 5 presents avian species abundance, richness, composition, and diversity for the restoration and
reference sites. Avian monitoring data are provided in Appendix F. Eight avian species were observed at
the restoration site, while five were observed at the reference site. Mean avian abundance per observation
at the restoration site was 4.9, which was considerably higher than the mean of 0.7 birds per observation at
the reference site. Avian diversity, as measured by the Shannon-Weaver Diversity Index, was 0.771 at
the restoration site, which was slightly higher than the reference site diversity index of 0.678. Eighty
percent of birds observed at the restoration site were songbirds, while waterbirds dominated the bird
community of the reference site. The greater avian species richness and diversity of the restoration site as
compared to the reference site and the difference in species composition are likely due to habitat
differences. The waters adjacent to the restoration site are less exposed to wind and waves than the
reference site and the restoration site is nearly surrounded by densely forested habitat providing a close
source of food and shelter. In addition, a feral cat was observed at the reference site on several occasions,
and may be adversely affecting bird use of this area.

Table 5. Summary of Avian Monitoring Results.

Species Restoration Site Reference Site
Common Name Scientific Name N“F“.ber o izl N“T“.ber of Lzl
Individuals | Abundance | Individuals | Abundance
Red-winged Blackbird Agelaius phoeniceus 15 1.7 0 0
Great Egret Ardea alba 0 0 1 0.1
Great Blue Heron Ardea herodias 0 0 1 0.1
House Finch | Carpodacus mexicanus 5 0.6 0 0
Mute Swan Cygnus olor 7 0.8 0 0
Yellow-rumped Warbler Dendroica coronata 5 0.6 0 0
Herring Gull Larus argentatus 0 0 2 0.2
Song Sparrow Melospiza melodia 8 0.9 0 0
0.1Top of
Form
1 0.1 1 Bottom of
Form
Northern Mockingbird Mimus polyglottos
Double-crested Cormorant Phalacrocorax auritus 2 0.2 0 0
Eastern Phoebe Sayornis phoebe 1 0.1 0 0
Starling Sturnus vulgaris 0 0 1 0.1
All Species 44 4.9 6 0.7
Species Richness 8 5
Diversity Index 0.771 0.678

National Oceanic and Atmospheric Administration 14
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6.0 SUMMARY

After the first year of monitoring, the restoration site has nearly met the 85 percent native species
vegetative cover requirement and re-establishment of Phragmites and other undesirable invasive species
has been limited to 10 percent or less of the total restored area, as set forth in the restoration plan.
Quadrat sampling revealed that an average of 83.4 percent of the restoration site was covered with native
vegetation. Ground cover by Phragmites was limited to 0.5 percent of the restoration site. Comparisons
with NOAA pre-restoration monitoring indicate substantially greater coverage of the restoration site with
native wetland vegetation, and the near-total eradication of Phragmites. In 2002, prior to the restoration,
only 47 percent of the site had vegetative cover, nearly a third of which consisted of Phragmites. Table 6
summarizes the monitoring results for all parameters investigated at the restoration and reference sites.

Table 6. Summary of Monitoring Results

Reference | Restoration Site
. Restoration | SiteTop of compared to
RESBITED ) R Site ForBottom | Reference site
of Form
Percent Ground Cover (excluding Phragmites) 83.4 71.5 +
Vegetation Percent Cover by Phragmites 0.5 115 +
Species Richness 12 5 +
Mean Abundance 21.6 15.4 +
Fish Species Richness 3 3 =
Diversity Index 0.337 0.339 =
Mean Density (fish per m®) 40.8 23.3 +
. Mean Abundance 76.8 122.7 -
Benthic - - +
Macroinvertebrates Species Richness 6 5

Diversity Index 0.349 0.285 +
Mean Abundance 4.9 0.7 +
Avian Species Richness 8 5 +
Diversity Index 0.771 0.678 +

Monitoring results indicate that the fish community of the restoration site is as diverse as that of the
reference site. Monitoring results also suggest that the restoration site supports more diverse benthic
macroinvertebrate and avian communities than the reference site. Species richness of fish at the
restoration site was equal to that of the reference site. Species richness of benthic macroinvertebrates and
birds at the restoration site was greater than that of the reference site. Fish density and abundance at the
restoration site were greater than that of the reference site. Benthic macroinvertebrate abundance at the
restoration site was considerably lower than that of the reference site, but this is to be expected in Year 1,
as the establishment of beds of the ribbed mussel, the most abundant species found at both sites, may take
years. Avian abundance at the restoration site was considerably higher than the reference site, and is
probably due to differences in the surrounding habitats of each site.

Although the methodologies and areas sampled were different, comparisons between NOAA’s 2002 pre-
restoration monitoring and this Year 1 monitoring of the fish and benthic macroinvertebrate communities
also demonstrates the progress of the restoration effort. The Year 1 monitoring caught the same three fish
species as were caught during the pre-restoration monitoring, but caught them in vegetated areas of both
the low and high marsh, demonstrating that vegetation in the restored marsh is functioning as fish habitat.
The Year 1 monitoring also found greater densities of ribbed mussels, fiddler crabs, and mud snails at the

National Oceanic and Atmospheric Administration 15
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restoration site than found in 2002. The Year 1 monitoring also found several crab species not seen by
NOAA in 2002.

Management Recommendations

The first year monitoring results indicate that restoration efforts to date have been successful in
establishing a diverse population of salt marsh plant and animal species. The planted salt marsh grasses
are well established, and Berger recommends that the goose exclusion fence be removed. However, there
is still bare ground in areas of the coastal shoreline zone and the silt barrier is holding back several inches
of sediment in some areas. Berger recommends that the silt barrier remain in place through the next
growing season and will reevaluate its removal following the Year 2 monitoring. Additionally, removal of
the feral cat(s) which frequent the reference site would allow a better comparison of avian use of the sites.

National Oceanic and Atmospheric Administration 16
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APPENDIX A
VEGETATION QUADRAT LOCATIONS AND ELEVATIONS




Vegetation Quadrat Locations and Elevations

Restoration Site

Reference Site

Transect and Quadrat position
(transect lengths and quadrat locations as measured along a tape measure laid
between the end pipes)

Transect and Quadrat position

(transect lengths and quadrat locations as measured along a tape measure laid

between the end pipes)

2004 ) 2004 )
Elevation DIEEIIE Elevation DIEIED
End northing easting Quadrat (feet from lower End northing easting Quadrat (feet from lower
NGVD) pipe (m) NGVD) pipe (m)
T1up 240496.692 1079543.771 1 5.76 21.0 T8up 240917.997 1080339.707 1 5.89 14
T1low 240443.858 1079592.021 2 5.05 18.3 T8low 240865.224 1080350.428 2 3.23 6.1
3 4.15 13.8 T8 total length 16.0 m 3 1.07 0.7
T1 total length 22.07 m
4 3.29 7.7 T9up 240863.950 1080015.822 1 6.08 185
5 0.44 0.9 T9low 240794.065 1080028.913 2 4.74 14.8
T2up 240473.546 1079513.559 1 5.81 21.0 T9 total length 21.6 m 3 2.74 6.7
T2low 240411.422 1079547.602 2 4.84 18.4 4 0.37 0.5
3 441 15.8 T10up 240851.720 1079907.820 1 4.25 12.3
T2 total length 21.95 m
4 1.89 7.7 T10low 240792.253 1079905.867 2 3.27 5.6
5 0.51 0.5 T10 total length 19.0 m 3 1.14 0.6
T3up 240471.818 1079476.992 1 5.56 17.6
T3low 240413.046 1079475.841 2 4.75 15.2
3 4.11 9.8
T3 total length 17.95 m
4 22 49
5 0.8 0.6
T4up 240481.267 1079420.387 1 5.86 15.1
T4low 240425.061 1079411.027 2 4.76 12.6
3 33 7.8
T4 total length 17.50 m
4 25 54
5 0.8 0.5
T5up 240482.271 1079329.557 1 5.57 9.9
T5low 240444.181 1079324.130 2 4.39 7.7
41 .
T5 total length 12.1 m 3 3 53
4 2.2 29
5 1.28 0.7
Téup 240451.950 1079149.276 1 5.39 474
T6low 240317.391 1079242.701 2 4.62 46.8
3 3.98 42.4
4 3.65 37.8
5 3.61 30.8
T6 total length 50.1 m 6 353 234
7 3.38 174
8 3.28 11.5
9 2.55 58
10 1.6 0.7
T7west 240359.023 1079164.397 1 1.24 26.7
T7east 240397.675 1079243.907 2 297 219
3 3.53 11.8
T7 total length 27.3 m 4 355 6.7
5 1.83 0.7
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VEGETATION FIELD DATA




Vegetation Field Data

Restoration Site Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 Transect 7
Quadrat] 1 | 2 1314|511 2345111234151 12314151 ]2)3)4)5]112)3)4]516])7)8]9Q11011]2]3])J41]5
Spartina alternifiora] 15 | 5 | 85 {100 70 | 10| 0 | 90 [100] 95| 5 | + [100| 80 |100] O [ O [95]|90|60] + | O |80 |85[70] O | O |65[70|65]70|85[100(90|85]80([95|75]90]95
Spartinapatens{ 10| 0 [0 | O J O} 5[0 | 0]JO0O|O0O}J10|/8]0|0([0]J20]|65[{0f[0]JOJoO|jOfO]JOjJO])S5([5]|]0jJojofojJojOo|jOfOjJoOjO|OfO]O
Distichlis spicata} 5 | 70| 0 [ 0 | 0 J15(85[ 0 |0 O J10f{20f0 )OO} +]|20)]0|O(f[O}J5]|10000(f[O0]|]0]j10{40[{O0O]JO0O]jJO]jO[O]JOJO|OJOJO]JO|O[DO
Salicornia europa} 0 |10 5 [0 | o0jJo|10[(5|0)jojJofojojojojojojojofojojojofojojojofojojojofOjOo]jJOjOjJO[O]JO|O[DO
Atriplexpatulaj 0 | 0 |0 [OJO0]JOo|jOfOo]JoOojoj10f0]JOojJOojojJojJojJOo|joOfo}J15]0fjofOo]JojojofojojJojOfOjJOjJO|jOJO|[O]JO|O[DO
Sueda linearisf 0 [0 )0 jJO0OfO0OjJo]jJojoOofofo]J10jOofOofOo]jJojofofojJojojofojojOofoOojJo]joOj15{15(0]JO0ojofof[o]jJOojJofO[O]O]O
Baccharis halimifolia] 0 | 0 |0 [0 [O0O}JO0]jJOfOfO)JOjJoOfOfO]jJOjOjJoOfojJOojJoOfoOo}J5]|]0]jofofojojofOof[Oo]jJOjOfO[O]JO|OJO|[O]|JO|O[DO
Ivafrutescens] 0 [0 | O JO|[OfJoO]jJoO]jJOf[OfoJoJof[ofo]Jo]J25{o0of[0o]jJojojJofo]JoOojOofoO}55|]0]JOofofojJojofofo]JOojJOof[fO[O])O]O
Phragmites australis} 0 | 0 [0 [0 O0JOo[5[0])J0ojojJofojojofojojojofjofo}15]0f[O0fo]Jojofjofo]JojJOfjOfO]JO]JO|OJO|O]|JO|O|DO
Panicum amarum} 30 | 0 [ O [ O | O J15|0fO0OjJO0OjJOjJoOfO]JOjOfjOj25]0)j0fjOfOo}jojojofojojojofojojojofOojJoOojJOjOJOJO]JO|O[DO
Solidago semipervirens} 0 | 0 [0 | 0] O0OJO[O0O]JO0O]JO|O}J15]0]JO0OfOfOjJoOjO|joOfO]jO}35{0f0jJOojojJofojJOjOfjOfOjJO]jJOf[O[OjJO]JO|O[O]O
Sagina procumbens} 5 [0 |0 JO0OfOJOo]JOojOfOofOo]J5]0fOof0o)jojofOofojojOojoOofojojOofOojojojofofojJojOofOfOjJOjJoOf[fO[fO])O]O
Parthenacissus cinquefolia} 0 | 0 [0 [0 |JO]JO|OfO]JO]jJOjJOfO]JO]JO|jOJoOjJOjJO|jOfOojJojJojofojojojofOo|JojJOjOfO|JO]JO|OJO|O]O|O|DO
% dead vegetation] 0 [ O [0 | O | O}5 (0|0 ]|]O|[OJO]|]O]O|O]|DO 0j0f0]O ofofojojofofojojofofojojOofjOjoO|jO]jJO]OfO
% open/mud/water] 35|15 [10| 0 |30])55[ 0 [ 5|0 ) 5]35[0|0]20)0]30([15]5|10[40]25]| 0 |20|15(30]130]|10]|20(15(35]|30|15| 0 [10[15]20| 5 [25[10] 5
% vegetative ground cover| 65 | 85 [ 90 | 100| 70 | 45 [100]| 95 |100| 95 | 65 |100|100| 80 {100} 70 | 85 [ 95 |90 | 60 ) 75 [100( 80 | 85|70 |70 (90|80 |85 |65 | 70| 85|100( 90 [ 8580 | 95| 75|90 | 95
Reference Site Transect 8 Transect 9 Transect 10
Quadrat] 1 | 2 |3 )1 [2]|3]4])1[2]3
Spartina alterniflora] 0 [100{100] 0 | 15[90|90] 65| 85 [ 95
Spartinapatens] 0 | 0 | 0 J O[O0 |O0O]JO0O]JO[O[O
Distichlis spicataj 0 | 0 | 0 J O [0 ] 0]JO0OJO[0]O
Salicorniaeuropal 0 [ 0 [0 J 0] 0[O [0 0]0]0O
Atriplexpatulaf 0 | 0 { 0J 0] 0] 0[0]J0]0]0
Suedalinearisy 0 [0 [0 J 0] O0|O0O[O0O)JO0]0]O
Baccharis halimifolia] 0 | 0 ] 0 J 0 [0 | 0] 0]JO0([0]O
Iva frutescens} 35 (| 0 [0 J O] O[O [OJO]O]|O
Phragmites australis} 25| 0 [ 0 J40]5 | 0 [0] 0] 0|0
Panicumamarum] 0 | 0 [0 J O | 0| O |OJO|[O0O]O
Solidago semipervirens] 5 [ 0 [ 0 J 0] 0[O0 [O0]JO]O[O
Saginaprocumbens] 0 | 0 | 0O J O[O |O0O]JO]JO|[O[O
Parthenocissus cinquefolia}] 5 | 0 | 0 J30| 0 | 0|0 J O[O0 ] O
% dead vegetation] 0 [ 0 | 0 |]30+|35+[( 0 | O] 0O | O[O
% open/mud/water] 30 | 0 [ 0 J30|35]|10|10]35[15| 5
% vegetative ground cover| 70 [100/100] 70 [ 65|90 [ 90 | 65 | 85 | 95

+ = present, but covers less than 1 percent of quadrat

* = dead planted vegetation
** =dead Phragmites




Quadrat

Quadrat

Spartina alterniflora height (in centimeters)

Restoration Site

Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 Transect 7
1 2 3 4 5 1 2 3 4 5 12| 3 4 5 3 4 5 3 4 5 3 4 5 6 7 8 9 10 1 2 3 4 5
68 | 76 | 72 | 11 74 | 30 37 | 185 | 30 | 63 15 | 31 | 45 95 | 96 | 27 52 | 58 | 31 77 | 63 | 83 | 92 | 24 | 156 | 182 | 22 | 18 | 186 | 58 | 21 | 60
55 | 49 | 66 | 14 | 88 | 76 31 | 162 | 82 | 41 19 | 24 | 54 82 | 103 | 32 41| 98 [ 35 57 | 48 | 91 [ 94 | 15 [ 169 | 37 | 19 | 13 | 161 [ 106 | 53 | 34
52 | 18 | 46 | 139 | 26 | 2 79 | 186 | 76 | 29 50 | 13 | 41 84 | 87 | 21 63 | 69 | 12 42 | 68 | 123 | 8 | 52 | 157 | 156 | 50 | 10 | 153 | 130 | 123 | 110
50 | 21 | 21 [ 122 | 82 | 26 74 | 154 | 85 | 32 3% | 17 | 17 96 | 88 | 21 88 | 41 14 62 | 52 | 135 | 96 | 101 | 148 | 53 | 89 | 67 | 90 | 84 | 184 | 104
36 | 18 | 11 [ 127 | 72 | 34 91 | 137 | 39 | 30 80 | 79 | 22 102 | 34 | 28 47 | 44 | 60 65 | 75 | 109 | 100 | 87 [ 205 | 123 | 15 | 114 | 159 | 111 | 174 | 168
18 11 | 42 [ 125 | 16 | 22 52 | 153 | 34 | 14 102 | 81 | 70 88 | 118 | 25 38 | 25 [ 19 49 | 42 | 79 | 121 | 114 [ 211 | 72 | 20 | 183 | 141 | 114 | 182 | 152
23 | 16 | 75 | 120 | 84 | 11 103 | 147 | 102 | 12 125 | 159 | 84 82 | 92 | 39 80 | 97 [ 102 110 | 17 | 62 | 107 | 120 | 182 | 146 | 9 94 | 140 | 148 | 182 | 163
37 M1 | 120 | 94 | 17 66 | 165 | 122 | 14 112 | 155 | 56 99 | 192 | 53 51 | 70 [ 105 53 | 70 | 40 | 117 | 131 | 180 | 157 | 14 | 143 | 123 | 76 | 176 | 198
19 103 | 141 [ 107 | 23 71 | 146 | 115 | 27 126 | 157 | 55 76 | 129 | 21 65 | 45 | 140 96 | 87 | 58 | 119 | 154 | 147 | 51 14 | 77 | 112 | 30 | 138 | 158
15 78 | 107 | 141 | 40 49 | 161 | 124 | 22 173 | 181 | 49 79 | 140 | 33 54 | 37 | 139 75 | 9% | 62 | 59 | 116 | 126 | 98 | 31 | 42 | 104 | 121 | 137 | 146
25 77 | 150 | 106 | 78 67 | 181 | 122 | 32 138 | 144 | 31 80 | 114 | 161 69 | 142 | 164 77 | 95 | 108 | 49 | 132 | 123 | 129 | 34 | 176 | 119 | 124 | 152 | 98
23 63 | 165 | 126 | 27 69 | 147 | 136 | 33 131 | 156 | 150 141 | 167 | 228 46 | 145 | 129 60 | 91 | 43 | 76 | 141 [ 158 | 130 | 67 | 149 | 21 | 100 | 143 | 193
11 49 | 121 | 131 ] 16 47 | 154 | 90 | 19 141 | 163 | 133 145 | 120 | 134 68 | 151 | 162 74 | 90 | 68 | 87 | 176 | 191 | 133 | 57 | 161 | 27 | 157 | 99 | 126
19 86 | 139 | 134 | 44 61 | 172 | 123 | 13 138 | 175 | 152 103 | 160 | 102 77 | 158 | 151 83 | 120 | 30 | 36 | 8 | 38 | 55 | 28 | 174 | 62 | 21 | 171 | 164
6 57 | 152 | 147 | 57 38 | 146 | 137 | 44 140 | 146 | 152 105 | 142 | 156 89 | 157 | 122 25 | 99 | 43 | 25 | 94 | 29 | 19 | 137 | 207 | 48 | 120 | 149 | 141
21 87 | 148 | 148 | 28 65 | 139 | 108 | 37 131 | 145 | 139 154 | 125 | 218 51 | 148 | 167 54 | 104 | 23 | 10 | 109 | 212 | 127 | 192 | 181 | 59 | 58 | 117 | 184
21 51 | 147 | 41 | 23 60 | 151 | 137 | 44 133 | 155 | 146 133 | 139 | 149 19 | 161 | 160 41 | 102 | 21 | 58 | 66 | 205 | 143 | 122 | 186 | 97 | 87 | 143 | 166
8 62 | 160 | 145 | 49 29 | 146 | 143 | 22 143 | 174 | 153 127 | 155 | 194 14 | 147 | 164 92 | 103 | 14 | 61 | 44 | 232 | 151 | 170 | 224 | 91 | 109 | 145 | 145
14 102 | 156 | 151 | 18 15 | 179 | 148 | 8 116 | 163 | 138 121 | 124 | 185 18 | 126 | 118 66 | 131 | 33 | 33 | 40 [ 230 | 135 | 176 | 220 | 88 | 104 | 119 | 50
8 79 | 146 | 146 | 16 81 | 22 | 145 | 7 129 | 172 | 151 119 | 157 | 166 39 | 163 | 165 88 | 30 | 36 | 10 | 53 | 147 | 151 | 173 | 180 | 89 | 88 | 176 | 144

Reference Site

ransect 8 Transect 9 Transect 10
1 2 3 1 2 3 4 1 2 3

55 | 56 66 | 63 | 27 | 129 | 271 | 12

15 | 48 68 | 14 | 13 | 63 | 39 | 15

182 | 45 65 | 35 | 29 | 43 | 50 | 56

203 | 86 70 | 69 | 73 | 36 | 68 | 93

186 | 37 13 | 17 | 58 | 28 | 97 | 101

181 | 145 61 | 23 [ 170 | 26 | 47 | 52

207 | 190 63 | 83 | 180 | 38 | 190 | 146

190 | 184 80 | 175 | 154 | 14 | 178 | 175

188 | 153 54 | 122 | 174 | 25 | 179 | 155

166 | 163 55 | 108 | 127 | 55 | 178 | 200

193 | 172 109 | 70 | 161 | 72 | 181 | 172

18 | 168 145 | 150 | 143 | 53 | 142 | 185

169 | 129 85 | 93 | 124 | 97 | 166 | 197

70 | 153 135 | 150 | 138 | 82 | 190 | 172

161 | 187 153 | 161 | 154 | 48 | 134 | 190

155 | 64 141 | 142 | 167 | 72 | 183 | 191

194 | 175 148 | 135 | 175 | 51 | 202 | 201

157 | 122 155 | 137 | 152 | 100 | 186 | 190

155 | 103 101 | 137 | 170 | 36 | 182 | 181

134 | 145 92 | 142 | 179 | 38 | 164 | 178
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SITE PHOTOGRAPHS




Restoration site-view of transect 2 from pland end.
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Restoration site-view of transect 3 from upland end.

Restoration site-view of transect 4 from upland end.




transect 5 from upand end.
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Restoration site-view of transect 7 from west end.
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Restoration site-view of peninsula area at high tide.



Restoration site, view at high tide from boat ramp.

Restoration site, view at low tide from boat ramp




Reference site-view at high tide from parking lot.
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2004 Bar Beach
Fish Data

Location

Dats

Water Depth (cm)

Time of High Tide

Sample Time

R site

throw 1

F near
T4, high marsh

9/28/04

52

12:03 PM

11:30 AM

Specles

Fundulus
heteroclitus

Fundulus majsils

Menidia menidia

Palagormonetes
vulgarls

Total Caught

22

9

1

128

Volume (mL)

63

Length (mm} 21
. 22

23
24
25
26
27
28
29

106
107
108
109




2004 Bar Boach
Fish Data

Location

Water Depth (cm)

Time of High Tide

Sample Time

slte
throw 2

T5, high marsh

near

9/28/04

57

12:03 PM

10:30 AM

Species

Fundulus
heteroclitus

Total Caught

28

Fundulus majalis
5

Menidia menidia

Palagomonetes
vuigaris

0

18

Volume (mL)

50

Length (mm) 21
22

23
24
25
26
27
28
29

a0
31
32
33
34
35
36
37
38
38

40
41
42
43
44
45
46
47
48
49

50
51
52
53
54
55
56
57
58
59

-

60
61
62
63
64
65
66
67
68
69

;N




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)|

Time of High Tide|

Sample Time

site

throw 3

on
T8, high marsh

9/28/04

66

12:03 PM

11:00 AM

Speclos

Fundulus
heterociitus

Total Caught

il

Fundulus majalls
14

Menidia menidia

Palagomonetes

Carcinus maenas

2

vulganis
34

1

Volume (mL}

25

Length (mm) 21




2004 Bar Beach
Fish Data

Location

Date

Water Depth {cm)

Time of High Tide,

Sample Time

Restoration site
throw 4

Restoration,
between T4 and
TS, low marsh

8/28/04

0

12:43 PM

3:35 PM

Specles

Fundulus
heterociitus

Fundulus majaiis

Total Caught

14

4

Menidia menidia

Palasomonetes

Carcinus masnas

2

vulgaris
76

Volume (mL]

12.5

Length (mm) 21
22
23
24
25
26
27
28
29

30
k3]
32
33
34

-




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)

Time of High Tide

Sample Time

Restoration site
throw §

Restoration, near
TS5, low marsh
edge

9/29/04

60

12:43 PM

315 PM

Specles

Fundulus
heteroclitus

Total Caught

12

Fundulus msjalis
0

Menidia menidia

Palasomoneles

Carcinus maenas

1

vuigars
63

2

Volume (mL})

NA

Length (mm) 21

109




2004 Bar Beach
Fish Data

Location

Date

Water Depth (em)

Time of High Tide

8ample Time

Restoration site
throw 6

Restoration, near
T3, low marsh,
unvegetated

9/29/04

12:43 PM

3:55 PM

Specles

Fundulus
heteroclitus

Menidia menidia

Total Caught

Volume (mL)

15

Fundulus mefalis
1

Palagomonetes
vulgaris

Carcinus maenas

0

29

NA

Length (mm) 21
22




2004 Bar Beach

Fish Data Locatlon Date Water Depth (cm)| Time of High Tide| Sample Time
Restoration,
Restoration site | between T1 and . .

throw T T2, low marsh 9/29/04 20 12:43 PM 4:15 PM

Specles Fundutus Paiaeomonetes
P heterociitus Fundulus majalis | Menidia menidia vuigaris
Total Caught 4 1 0 82
Volume (mL}) NA

Length (mm) 21
22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

a7

38

38

40

41

42

43

44

45

46

47

48

49




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)

Time of High Tide|

Sample Time

Restoration site
throw 8

Restoration,
peninsula T6,
outer

9/30/04

1:20 PM

2:55 PM

Species

Fundulus
heteroclitus

Total Caught!

32

Menidia menidia

Palasomonetes
vulgans

Fundulus mejalls
0

7]

34

Volume (mL)

50

Length (mm) 21
22
23
24
25
26
27
28
29

30
31
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2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)|

Time of High Tide

Sample Time

Restoration site
throw 8

Restoration,
peninsula on T6
inner end

9/30/04

7%

1:20PM

1:25PM

Specles

Fundutus
heteroclitus

Fundulus majalis

Total Caupght

12

Menidia menidia

Palagomonetes
vuigenis

3

4

49

Volume {mL)

25

Length (mm) 21

-




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)

Time of High Tide

Sample Time

slts

throw 10

peninsula T7

9/30/04

5

1:20 PM

2:35PM

Species

Fundulus
heteroclitus

Fundulus majelis

Total Caught

5

Menidia menidia

Palaaomonetes

3
12.5

7

vuigaris
9

Volume (mL)

Length (mm) 21

22

23

24

25

26

27

28

29

30

31

32

33

34

a5

36

37

38

39

40

41

42

43

44

45

46

47

48

49




2004 Bar Boach
Fish Data

Location

Date

Water Depth (cm)| Time of High Tide

8ample Time

Reference site
throw 1

Reference, near
T8, low marsh

9/30/04

55

1:20 PM

10:20 AM

Specles

Fundulus
heteroclitus

Fundulus mafalis

Total Caught

6

7

Menidia menldia
5

Palaeomonstes

vuigaris
55

Volume (mL})

NA

Length (mm) 21
22




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)

Time of High Tide

Sample Time

Reference site
throw 2

Reference,
between T8 and
T9 low marsh

9/30/04

85

1:20 PM

10:35 AM

Species

Fundulus
heterociitus

Menidia menidia

Total Caught

3

Fundulus mafalis
2

Palagomonetes

vuigaris
32

Volume (mL)

NA

Length (mm) 21
22
23
24
25
26
27
28
29




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm);

Time of High Tide

Sample Time

Refarence site
throw 3

Reference
batween T8 and
T9 mid marsh

9/30/04

80

1:20 PM

10:50 AM

8pecles

Fundulus
heteroclitus

Fundulus majalis

Total Caught]

12

0

Menidia menidia

Palagomonetes

0

vuigaris
21

Carcinus maenas
1

Volume (mL)

NA

Length (mm) 21
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2004 Bar Beach
Fish Data

Locatlon

Date

Water Depth (cm)

Time of High Tide|

Sample Time

Reference site
throw 4

Reference
between T9 and
T10 mid/high

9/30/04

4

1:20 PM

11:10 AM

8pecies

Fundulus
heteroclitus

Fundulus majslis

Menidia menidia

Total Caught]

13

4

Palasomonstes
vuigaris

Carcinus maenas

0

28

1

Volume (mL)

NA

Length (mm) 21

22

23

24

25

26

27

28

29




2004 Bar Beach
Fish Data

Location

Date

Water Depth (cm)|

Time of High Tide

8ample Time

Referonce site
throw &

Reference
between T9 and
T10 high marsh

9/30/04

45

1:20 PM

11:30 AM

Species

Fundulus
heteroclitus

Total Caupht|

20

Fundulus msjaifs
4

Menidia menidia

Palagomonetes
vulgaris

29

Volums (mL)

25

Length (mm) 21
22

23

24

25
26

27

28

29

©

-

-

108

109




APPENDIX E
BENTHIC MACROINVERTEBRATE FIELD DATA




Benthic Macroinvertebrate Data

Restoration site

Quadrat | 1 2 3 4 5 6 7 8 9 10 | 11 ] 12 | 13 | 14 | 15 | 16 [ 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 Total
Stratum | high | high | high | high | high | low | low | low | low | low | low | low | low | low | low | low | low | low | low | low | low | low | low | low | low
Geukensia demissa 245 | 298 | 336 | 177 | 42 5 |109 1 1213
Uca pugnax burrows | 6 8 7 18 | 5 2 8 1 55
Hemigrapsus sanguineus 3 6 3 2 1 15
Carcinus maenas 1 1
Neopanopeus sayi 0
Nassarius obsoletus 1 11139 6 41 3 2 7 | 53 | 59 | 58 | 64 [ 123 | 36 | 61 | 17 [ 12 | 17 | 26 636
Littorina saxatilis 1 1
Total abundance | 6 0 0 0 0 [249 | 315|378 | 193 | 90 | 21 7 2 15 | 53 | 59 | 58 | 64 | 129 | 146 | 61 | 17 | 14 | 17 | 27 1921

Reference Site

Quadrat | 1 2 3 1 2 3 4 5 6 7 8 9 10 | 11 ] 12

Stratum | high | high | high | low | low | low | low | low | low | low | low | low | low | low | low Toul

Geukensia demissa 192 | 176 | 315|233 | 50 | 132 | 72 | 40 | 15 | 5 | 27 | 40 1348
Uca pugnax burrows 6 6
Hemigrapsus sanguineus 9 4 5 6 2 26
Carcinus maenas 0
Neopanopeus sayi 1 1

Nassarius obsoletus 38 12 15 1 63 | 38 | 26 | 97 | 1 8 | 112 459
Littorina saxatilis 0

Total abundance | 0 0 0 | 239 | 192 | 321 | 239 | 65 | 197 | 110 | 65 | 112 | 107 | 41 | 152 1840




APPENDIX F
AVIAN FIELD DATA




MONITORIN G INFORMATION

Date of Monito'ring Q/ 30/ 07

Time of Monitoring =~ Began: /.30

‘Tide
(please circle one)

Concluded: Z./5~ "b A@/‘ é)@//( 5(‘4‘13)

/ Ebblng / Low Tlde /

Prediéted low and high tides:
Time of tidal measurements:

Nearest tidal station:

(temperature, wind, QS///j% W/’L/@5/f\4”’l
precipitation) S _ -
Monitor(s) - ' .y _.
(name, affiliation) /M , /(/9/‘ masl /4 Ay Av D‘)‘BO V\J
Type of Monitoring Pre-Construction

(please circle one) |
‘ ' ' As-built (4-5 weeks)

Annual Post-Construction: Year@/ 2/3/

4/ 5
Parameters Measured ~ Vegetation
(please circle all that apply) _
' Sediment
Benfhic Invertebrates

Bircis \/

Other (please describe):




MONITORING PARAMETERS: BIRD OBSERVATION 4/5%)/&%

% 5.2 2| Sorg Spomard

Species Abundance Location Activity Duration of Stay
‘f ' /7/5% mavchgmss  Afoerlng | 20 +mindhe,
3T N . 4 v hd . 7 A \
Ll Blagebid | | S | siffing | 1O pindes

,@@mq& — None

-5
[

C/ﬁvé' ,

70 (pagdn feese

' Notes/: %M WP% /ﬂﬁ7m %.Zo%@ S/@ !
ﬂﬁf’fﬁc - .

W

o} Mgmmq



" FIELD NOTES




MONITORING INFORMATION

Date of Monitoring [(}~5 -04

Time of Monitoring Began: 220 A.M.
Concluded: 10| 5 A - o

Tide " HighTide / Ebbing /@

(please circle one) _ Flooding
Prediéted_ low and high tides:
Time of tidal measurements:

Nearest tidal station:

Weather 5%°/5Prong wind 920 ] clear
(temperature, wind, : o
precipitation)

Monitor(s) /M N /\1 0@/\4 AND (_/5:[ AV Du. %) ~

(name, affiliation)

Type of Monitoring Pre-Constfuétion
(please circle one) »
: As-built (4-5 weeks)

Annual Post-Construction: Year@/ 2/3/
415 |

Parameters Measured Vegetation
(please circle all that apply) N
, Sediment

Benfhic Invertebrates

Birdﬁ \/

~ Other (please describe):




MONITORING PARAMETERS: BIRD OBSERVATION / 0/ s / 01

Species - Abundance . Location | Aétivity Duration of Stay

(W site O

' Notes WWW /0()(7&”4'% I&WSV(E

| Eadlmn
4 bl €
0 (am 5
/7/,&%044

/ WW/ mM /f,oarmo



MONITORING INFORMATION

Date of Monitoring /0//7/04

Time of Monitoring Began: Q. 30 A4.M
L . Concluded: Q. 1N P -

Tide - High Tide / Ebbing /(Tow Tide

(please circle one) Flooding
Predicted low and high tides:
Time of tidal measurements:

Nearest tidal station:

Weathér %0/57%’0717&//11/ @ZO t /G/z”ﬂzV
(temperature, wind,
precipitation)

(name, affiliation)

Monitor(s). . M /\/ v ﬂ//&;/ Aubd BOI\J(

Type of Monitoring Pre-Construction
(please circle one)
' As-built (4-5 weeks)

Annual Post-Construction: Yea@ 2/3/

4/ 5
Parameters Measured Vegetation
(please circle all that apply) _

Sediment

Benthic Invertebrates
. Birds

Other (please describe):




MONITORING PARAMETERS: BIRD OBSERVATION /0 / / 7/9 1

| ~ Species Abundance |  Location |  Activity Duration of Stay
Ste [Hosefuck | 5| she | Flyws, | ZOmadks
| §. Phoebe [ | « 0 :
| Mocking b | | “ o
Suna Sparow | | 70 bawssy
ﬁz%mc{, /\/ - flocamgbwf [ ref. | sithas (S mpemsts|

" Notes: %MMJ/&% 100 M%W “fé-? |
[ K% /&K;/?WB{W |

MWM@)

b hons
/ggﬁgZ{W 4 [mz/& 220a¢
(g ey L

1w blwe M&/é&ﬂ |



MONITORING INFORMATION

Date of Monitoring = [ & 2&/ o 4

Time of Monitoring Began: > 'F/l' _
- Concluded: 545 A

rTid_e - S | .High Tide "Ebbing / Low Tide /
(please circle one) . Flooding -

Predicted low and high tides:
Time of tidal measurements:

Nearest tidal s,tation:

Weath 5/4—0 /5 ‘ /
(tef:pe::mre, wind, = / ﬂ7 /a 4/&/ﬂ v /
precipitation)

(name, affiliation)

Monitor(s).. M A/O,/‘Wwﬁ,(y/&/ . ﬂ/c/L(j/\/

Type of Monitoring Pre-Constructlon
(please circle one)
‘ ' As-built (4-5 weeks)

Annual Post-Construction: Year@ 273/

4/°5
Parameters Measured Vegctation
(please circle all that apply) o

Sediment

Benthic Invertebrates

. Birds \/

Other (please describe): :




'MONITORING PARAMETERS: BIRD OBSERVATION /0 /20 /0{

' J'Spécies _ Abundance _ Lo.cation‘ = Activity | Duration of Stay
Sie: | thowiromped— - ~ B

" [TWarbler 2 | Sparime | pgkiy | (Omats
md 7Ll‘; swan 2 ) Wﬂ%’ ~sppstfha SWimmue | [ SHhufz,

reference

~ Notes: %MW /‘90{7”( M”&/%%f%f@
| A Wockinghw | mechn
12 starhn 2 [regrine Fadcon
G [Herring 601 - | Ospreq
3 Myun %U-ﬁ: sidan
50 OA'F/omZ) ﬁ'/ﬂar/b_w)



MONITORING INFORMATION |

Daterof Monitoring | {9 / 2 / ©4

Time of Monitoring =~ - Began: D" (& oM
' Concluded: 2. S0’

Tide -  High Tide / Ebbing. /

(please circle one) Flooding
| Prédiéted low and high tides:
Time of tidal measurements:

Nearest tidal station: |

Weather
(tem;erature wind, 59 /ﬂ@é/@ 6 /C / fﬂ//

precipitation) -
Monitor(s) M /(/ _ / - <
(name, affiliation) i orman '/a', /V A S
“Type of Monitoring Pre-Construction

(please circle one)
- ' As-built (4-5 weeks)

Annual Post—Constructlon Yea@/ 2/3/

4/ 5
Parameters Measured Vegetation -
(please circle all that apply) o
| Sediment

Benthic Invertebrates

Birds \/

Other (please describe):




MONITORING PARAMETERS: BIRD OBSERVATION /O /2(0/0% |

~ Species _ Abundance Location Activity Duration of Stéy
SJVI:S’ Soarvnd | 5'/4’@"7( Q/ )44/71. ﬁfi&é’@ . /S mnote;
Uolloed vmpedy | |
U acbler | 2 | tree

KQ Witete 'ft ¢ |

el

/5/77//7#5 o

' Notes:mdy:ﬂ /0&/(

% Groat bockhaghed /s
6 fringsls
| / @f%rm ¢ Tadon




' MONITORING INFORMATION

llSal%e :o._f Monitoring // /2/@{ ‘

Time of Monitoring - Began: / 1S poM
| | | Concluded: /’45 M

Tide - CHigh Tide>/ .Ebbmg / LowTide /

(please circle one) . Floodmg
Predicted low and high tides:
Time of tidal measurements:

Nearest tidal station;

Weather 53 /5 V\/@/ Z-/ &/d(/&/g

- (temperature, wmd,

precipitation) )
‘Monitor(s) |

(name, affiliation) /M /Uﬂ/ mmlﬂ/ (4, 4 Vﬂ,//gﬂn
Type of Monitoring ' Pre-Construction

(please circle one)
o . AS-bUllt 4-5 weeks)

Annual Post- Constructlon Yea.@/ 2/3/
4/ 5 :

Parameters Measured Vege_tatidn
(please circle all that apply) |
' - Sediment

Benthic Invertebrates

~ Other (please describe): -




MONITORING PARAMETERS: BIRD OBSERVATION / // 2 /0% |

- Species

Abundance

Location - .

Activity

Duration of Stay

6(1{1» L §0n», g/%(rmun}'

N

Q/’ﬂffts :

| 404%0'77 xdfrm@ (5 win e

. Notes: %M m Qtba. —
/0 fm W@Am /OUW5/V&%(‘W<__

P ar {Cvr\a\ ( o‘\"

20 /3%

l’ﬁw

25

%

/7€0f\

9/70/1%




MONITORING INFORMATION

Date of Monito'rilig -/ / /0 o4

Time of Monitoring Began: /Q :30 LM .

' ' Concluded: /. /8 2™
Tide '~ HighTide /(Ebbing J Low Tide /.
(please circle one) - Flooding =~ -

Predicted low and high tides:
Time of tidal measurements:

- Nearest tidal station;

Weather g ' :
(temperature, wind, 4;0/ //j/z/‘/(/m% /K@u .
precipitation) _ -G o ' -
Monitor(s) M A/ . . /

(name, affiliation) . ﬂ//mﬁﬂﬂ//ﬂ /Z/ SA S

Type of Monitoring Pre-Construction

(please circle one) '
R | - As-built (4-5 weeks)

\Knnual Post-Construction: Yea@ 27/3/

4/5 . |
‘Parameters Measured Vegetation
. (please circle all that apply) -
-~ Sediment -

Benthic Invertebrates

Birds \/ |

~ Other (please describe):




 MONITORING PARAMETERS: BIRD OBSERVATION [/ /_0/05 .

- Species

Abundance |

‘Location . .

Activity

Duration of Stay

2

NV

| nerth cove

-F/omzm‘?

[Om.

Gf

o Notes %/WMM% _

/Hm%@é%wm‘wgw

30 /’Wazmm Wf/—%

2 Gyt Tl {11

! (o

/%M/

A //géz{; p //m/ sl fﬂv’éznj (o1~

4 /‘[é/ﬂ?/f A///

%Amfﬁl//%wu



MONITORING INFORMATION

.].)ate of MomtorIng I/ // b %9 4

Time of Monitoring

Began: - 3 \S— AN
Concluded:3{4§’ -

Tide
(please circle one)

High Tide / Ebbing / Low Tide /
Flooding ' _

Predic-:t‘e_d'low and high tides:
Tifne of tidal measurements:

Nearest tidal statxon

Weather 5@0// 5//@,@ My A / @Zg@/u

(temperature, wind,
precipitation) -

Monitor(s)
(name, affiliation) /V( A/ orm ﬂﬂé/m, /U SA S

Typé of Monitoring
(please circle one)

Pre-Constructxon
As.-built “4-5 -weeks)

Annual Post Construction: Year@/ 2./ 3 /
4/ 5

Parameters MeaSured _
(please circle all that apply)

Vegetation
Sedimént
Benthic Invertebrates

.

Other (please describe):




~ MONITORING PARAMETERS: BIRD OBSERVATION ////p/D4

Species

Abundance

L

ti

Activity Duration of Stay

| s | o

O Notes: b’mém WMW%
ﬂ}@i

20 [y o
ém/éﬁ/

4,M/2M4j£

f oo

Sikam

g

ZOSM om M,éw
Y @mjﬂo«%—?jz/fm/%@



MONITORING INFORMATION |

Date of Monitoring /& / @/94

Time of Momtormg " Begam: PM

| Concluded: 3 3 Op,v- ,
Tide = " High Tide /_ Low Tide /'
(please circle one) - Flooding

Predicted low and high tides:
- Time of tidal measurements:

Nearest tidal station:

‘Weather 48 /W Mocoets / &gg@uf@ M

(temperature, w1nd

precipitation)

Monitor(s) _ N . :

(name, affiliation) 1" /\/ OMANDIA NSAS
" Type of Monitoring - Pre-Construction

(please circle one) o .
' As-built (4-5 weeks)

Annual Post-Constructlon Yea@/ 2/3 /
4/.5 .

Parameters Measured - Vegetation
~ (please circle all that apply) o .
- " Sediment

Benthic Invertebrates

Other (please describe):




MONITORING PARAMETERS: BIRD OBSERVATION /. Q/Q /9 f“ B

' Species | "1'Abundance ~ Location | - Activity . | Duration of Stay |.

sl [PHET 7 |15k | feedirs | Swinste

13, Sty gt G e
/%%M'W«ZL -



L 'FIELDNOTES -
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APPENDIX G
NOAA 2002 PRE-RESTORATION MONITORING DATA




NOAA 2002 Pre-Restoration Monitoring Data

Restoration Site

Vegetative Cover (percent)

The reference site is not the same as the re

ference site used in the 5 year post-construction moni

itoring program

Species Transect 1 Transect 2 Transect 3 Transect 4 Transect 5 Transect 6 Transect 7 Average
Plants Q1[Q2|Q3[ Q4| Q5| Q6| Q1| Q2| Q3| Q4| Q5/Q6| Q7| Q1| Q2[Q3|/Q5|Q6[Q1|]Q2|Q3|Q4|Q5/Q6|Q7[Q8|Q1|Q2[Q3|Q4[Q5/Q6|Q1[Q2]|Q3[Q4]|Q5|[Q6|Q7|Q1[Q2]Q3|Q4|Q5]|Q6 (square meter)
Spartina altenifiora 0| 0| 1|9(|9%]|4]|0]|]0|O0(|3[|18|0]|05|/0(|8|2|0|0]|0|0|0[O0] 0] 0] O0|60[O0|O0]|65|45|55|[40| 0| 0| 0|8 |8 [35[25| 0| 0 |8 |60]35]05 22.5%
Phragmites australis 37| 7(0f0|O0O|O|45|O0f(1|[OjO]JO]JO|[7[O0O]O0O] O] O|15[20(30|2|2| 5 (37| 0| 5 /|10] 0| 0| 0| O0]10]|10]|70[0f[0[O0]|0]|15[15[0[0]O0]O0 14.5%
Iva frutescens o|e5|0f0f0|O0O|O]|6O|(50f0|O0|O]JO|O|O|O|O|O|4|t0[5|]0jO0O]JO|OfO|O|jJO]JO|JO|Of|O|JO|JO|JO|OfO|JO|JO]JO|OfO|O|O]oO 5.1%
Distichlis spicata ojojofofojojojofofofjojojoOo|3fofOjOjOjOfOfO|O]|60|JO5S|O0OfOf[O]jO]JO|JO|JOfO|JO|JO|JO|JOfO|JO|JO]JO|O[O[O|]O]O 14.1%
A ia vulgaris ojojofofofjojojJofofofjoOojoOojoOo|1fOofOjOjOjOfOfOfJOjJO]JO|JOfO|JO|JO]JO|JO|JOfO|JO|JO|JO|OfO|JO|JO]JO|OfO|O|O]oO 0.0%
Limonium sp. ojojofofojojojJofofofjoOojoOjOo|jOfOfOjO|jO]|JO|OfO|4|O0|47|6[0[O0O]jO0O]JO|JO|[OfO|]O|JO|JO|[OfO|JO|JO]JO|O[O[O|]O]O 2.2%
Toxicodendron radicans | 35 [ 0 ( 0| 0| O O|OfO|O|O]JO|O|lOfOJO]J]O|J]O|OfOfJO]JO]JO|OfOfOJO]JO|JO|OfO|JO|J]O|JO|Of|Of|JO|JO]JO|JOfOfO|JO]JO]JO|oO 7.7%
ia europa ojo|tfofofojojofofojojojojofofojojojofofojojojofofofojojojofofojojojofofojojojojofofojoj]o 0.0%
Total Plant Cover 46.6%
Invertebrates Macroinvertebrate density (individuals per square meter) (1/4 square meter)
kensia demissa 0| 0| O [200f600{1500{ 0 | O | O [ O [180|140| 10| O [ O [120{ 15|69 | O | O [ O[O | O | O | 1 [150( O | O |54 |67 |40 78| O | O | O | 5 |67 [42[92| 0| 0| O |39 [105] 1 19.9
Uca pugnax (burrows) ojojofofofjojojJofofofjOjoOojOo|jOfOfO|jOjJO]JO|fOfO|JO|JO]JO|OfO|JO]JO]J1t|O|OfO|JO|JO|JO|OfO|JO|JO]JO|OfO|O|O]oO 0.1
ius obsoletus ojo|JofofO|O0O]|O|O|O|O]|9]|240/410| O | O [240{130|312) O | OfO| O] O] O|O|fO| O] O|87|400(100({420| 0 | O | O |[15(120(31|60| O | O [ O [218]352|128 18.6
NOTE: These transects are not the same as those used in the 5 year post-construction monitoring program.
Reference Site
Vegetative Cover (percent)
Species Reference 1 Average
Plants a1 [ a2 a3 45| as|ar]as| |ato]at]at2]a13] (square meter)
Spartina altemifiora | 88 | 25 | 95 | 32 | 55 | 85 | 100]100] 90 [ 100 50 | 45 | 12 67.5%
Invertebrates Macroinvertebrate density (individuals per square meter) (1/4 square meter)
kensia demissa 320] 19 [600] 38 [ 0 | 0 [1400[1180[1310[1620[ 177] 0 [ 5 128.3
ius obsoletus 0 | 30 | 0 0 |1300| 0 0 |1000|1860| 0 | 172 0 | 0 83.9




NOAA 2002 Pre-Restoration Monitoring Data

Spartina alterniflora height (first number is feet, second number is inches)

Restoration Site Reference Site
T | T T2 T2 T3 13| T4|T5|T5 | T5|T5]T6)| T6]|T6 | T7r | 17 T7 | T7 RI | RT ] RT | RT| Rl | R1
Q4 | Q5| 4] Q5] Q2| Q31 Q8| Q3| Q4 | Q5| Q6 | Q4 ] @5 | Q7 | Q3 | Q4 | Q5 | Q6 Q| Q3| Q5| Q7] Q9 | Q11
45 4 48 | 510 | 6 25 3 2.1 5 45 2 4 4 33 | 54 6 53 | 23 43 44 | 44 6 45
4 341 | 59 | 45 | 325 | 35 | 25 5 25 | 15| 31 | 265 | 2 49 5 43 | 44 5.8 30| s 6.7 4
4 25 | 64 | a1 ]| 2 15 22 | 45 2 3 42 5 3 53 | s3 5 4 42 | 43 | 57 | 56 | 55
2 3 5 6.4 425 25 4 4 3 21 2.2 4.5 26 31 4.6 510 4.5 35 4.7 3 5.1 53 5
3 3 514 | 65 | 55 3 3 2 4.5 5 25 | 47 | 55 | 411 a1 | 4 41 | 53 5 44
4.5 4 4.6 4.4 5 3 4.5 2.5 2.2 4.5 3 3 4.10 5.9 5.6 3 3.1 4.4 56 6.5 5.5
5 4.5 3.10 3.8 55 3.25 5.75 2.3 2.4 3.1 3.1 1.5 3.5 4.7 5.10 56 25 3.6 4.6 53 4.1 4
4 3.5 4.6 2.10 25 25 4 4.6 25 3 3.5 3.2 4.5 1 52 6.3 4.8 5 4.5 4 6 54 4.7
5.5 3.5 3.9 5.4 6.1 2.25 6.25 5 3 3 4 4.3 4 3.2 4.5 5.3 5.4 3.7 3.10 3.10 8 6.1 4.9
3 5 4.5 6.1 5 1.75 3.5 3.2 1.6 21 3.7 5 4.2 1.5 4.2 5.5 53 4.6 4.5 6.1 5.10 3.7 4.2
4.5 5 4.5 1.8 6.25 275 55 6 3 3.5 3.8 3.1 4 1.8 4.8 5.7 54 4.5 4.5 3 54 6 4,10
4 a5 | 48 | 15 | 52 2 5 52 | 55 | 38 | 36 { 45 | 35 | 16 | 45 | 410 | 410 34 | 42 | a1 5 53 | 410
4 3 3.1 1.6 5.75 25 5 5 3 3.2 4 6 4.5 1.8 5.5 5.2 49 3.4 4.4 4.6 4.8 4.7 3.5
4 4 3.7 3.7 6.5 2 3.25 55 3 2.2 4.1 58 4.2 1.9 54 4.8 4.9 4.7 3.10 3.4 53 511 5
3 4 33 | 22 | 55 | 15 | 575 | &4 6 3 42 | a2 | 44 2 | 510 s3 5 36 { 32 | 48 | 45 | 51 | am
45 4 32 | 083 | 45 | 25 | 55 28 | 515 | 54 | 49 310 | 35 | 37 | 36 | 47 | 54
4.5 5 3.2 1.4 6.5 1.75 3.5 3 5.1 5 4.10 4.10 4.1 3 52 6.2 4.4
35 | 24 | 091 ] 625 225 | 375 17 1 515 ) 5 47 45 | 37 | 46 | 53 5 5.5
3 3.2 0.83 6 3 4 6 5.156 5 4.7 4.3 4.4 4.3 4.2 6.4 411
4.5 3 4 49 | 525 | 25 | 55 17 | 51 | 410 ] 49 410 | 41 | 55 | 59 | 55

The reference site is not the same as the reference site used in the 5 year post-construction monitoring program.
Heights in bold font are flowering plants.






