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Project Overview

This report is the last in a series of four (4) annual investigations monitoring the
performance of the MANURSING LAKE AQUATIC HABITAT RESTORATION PROJECT,
which was implemented in two steps between late 2009 and mid 2010. First, in late 2009, the
existing, manually operated, wooden tide gate was replaced with an automated metal tide
gate, which allows for the precise regulation of water levels in Manursing Lake and
simultaneously provides for a regular water exchange with Long Island Sound. In 2010,
the majority of the southern embankment of the lake was re-graded to allow for a shallow
intertidal planting shelf that supports a salt marsh.

This report will compare lake water data collected in 2014 with data contained in
a baseline report from 2009 and with data from 2011 through 2013. This report also
evaluates the performance of the salt marsh and adjacent upland plantings. Special
consideration is given to the performance of past and ongoing invasive plant eradication
efforts. Since the project site was inundated by Tropical Storm Sandy in late October
2012, we are also commenting on the effects this extraordinary event had on the
restoration.

A Long-Range Management Plan with Recommendations to the County of
Westchester for consideration and inclusion into maintenance and management plans are
printed separately.

Note: Please note that this report follows a scientific reporting format, providing a
Summary for a quick overview, then the description of Means and Methods used,
followed by a reporting of the results/observations. The Results section is backed up by
reference field data reports, data tables and photographs shown in Appendices A-E. In
the Discussion part of the report, we attempt an interpretation of some of the results and
observations. Appendix F was added to provide an easy cross reference between
scientific names used in the report and common names.

Page 1
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Notes on the General Context of this Project

The success of this Aquatic Habitat Restoration project was dependent on the installation
of new, electronically controlled tide gates. These provided the catalyst for re-establishment of
intertidal salt marsh flanking the entire southern end of Manursing Lake, a sheltered, man-made
lake created in the 1920s as part of adjacent Playland Amusement Park. Before the lake’s
creation, the site was occupied by tidal creeks flanked by expansive salt marsh directly connected
to Long Island Sound. Other new features that were “constructed” during the project and provide
habitat and/or water quality benefits around the lake include expansive grassland and a small tidal
creek.

A healthy salt marsh supports more than just plants. It should seamlessly interact with an
adjacent water body. It offers shelter from predators for juvenile and small fish (e.g. Killifish). It
is home and habitat to many bird species. And perhaps, most importantly in its mature state, it
will be colonized by macro- invertebrates, such as ribbed mussels, fiddler crabs and salt marsh
snails, all of which have free-floating larval stages. Aside from water filtering capabilities and
consumption of dead matter, macro-invertebrates, through their larval stages, provide an
important food source for the lake’s aquatic organisms.

The New York State Salt Marsh Restoration and Monitoring Guidelines (page 17)
describe the functions of these organisms as follows:
“Invertebrate macrofauna are an important component of tidal salt marsh systems, providing food
for many birds and fish of the marsh, as well as contributing to the structural and functional
characteristics of the habitat. The macrofauna are significant consumers of algae, detritus, and
smaller invertebrates;...”

To create the salt marsh planting shelf in shallow water during construction of the
Aquatic Habitat Restoration at Manursing Lake in 2009/2010, the material for the shelf was
excavated from the former steep embankment of the lake. The new embankment has a much
gentler slope and offered a suitable location for the restoration of a grass-dominated landscape.
The grasses can sustain themselves on nutrient poor soil and are resistant to occasional inundation
by salt water.

As with any new planting, monitoring is important so that unanticipated problems may be
acted upon in a timely manner. In this case, proper functioning of the tide gates has been
problematic and will need to be checked for consistency on a long-term basis. Marsh and
grassland vegetation have needed time to get established and its continued success is dependent
on long-term monitoring. Encroachment by invasive and/or non-native plant species have the
potential to alter the desired long-term project outcome.

It is, therefore, very important to monitor the occurrences of invasive plants for the first
several years after planting so that appropriate management actions can be taken that eliminate
them from the site or that suppress them to such a degree that they do not pose any long-term
ecological threat by altering the restoration goal. Once the planted, native marsh and grass-land
vegetation is firmly established, invasive plant species may find it more difficult to find
opportunities to disrupt a functioning landscape.

Page 2
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Summary
Monitoring of the Manursing Lake Aquatic Habitat Restoration Project

This year’s monitoring of the constructed salt marsh at Manursing Lake showed
overall satisfactory to good plant growth. This year a lot of leaf litter blown in from offt-
site had accumulated in the marsh, indicating perhaps less flushing than in previous
years. We noted no invertebrate fauna in the monitoring plots but found crabs and snails
along the seaward edge everywhere else.

The upland buffer adjacent to the salt marsh (tidal wetland) continued to
change character as a prolonged aftereffect of inundation and disturbance by Tropical
Storm Sandy in late 2012. It lost the majority of its shrub and tree plantings (only 22%
remain); the only shrub species thriving is Baccharis halimifolia*. Several grass species
benefitted from Sandy’s influence, in particular Panicum amarum¥*, Panicum virgatum¥,
Schizachyrium scoparium* and Sorghastrum nutans*. These species grew vigorously
throughout the entire site, beginning to show patchy patterns where either one of them
dominated. Showy wildflowers, such as Monarda punctata*®, Coreopsis lanceloata™, and
Asclepias tuberosa* were nearly wiped out by “Sandy” and are only very slowly
recovering, presumably from seeds that survived in the ground.

Invasive plant species, in particular Phragmites australis*, Artemisia vulgaris*,
Ampelopsis brevipedunculata* and Celastrus orbiculatus* continue to be potential
threats to the entire restoration site. The previously targeted Polygonum cuspidatum*
continues to re-spout in two (2) locations, from where it was removed manually.
Phragmitis australis* remains an expanding threat at the eastern end of the marsh, where
it has formed a solid border. We identified fifteen (15) species in total that could
potentially cause a threat by invading portions of or the entire site. Thirteen and eleven of
these species had been found in 2013 and 2012 respectively, indicating a slow increase in
invasive species diversity over the past three years. A separate Long-Range Management
Plan will go into more details of combatting the spread of these species.

The water quality study indicated that the generally beneficial effects of water
exchange with Long Island Sound persist. Both plankton sampling events (June and
August) produced only comb jellies and diatoms. Diatom density was high and visible to
the naked eye; copepods were absent. Taken in context with steady salinity and oxygen
levels these finding indicate that a healthy fish population exists within the lake.
Anecdotal observations of Atlantic Silverside and various Killifish species confirm this
interpretation of the water quality study.

The digital tide record was complete for the reporting period (January —
December). It clearly showed when the tide gates were not operating properly and when
they were repaired. Generally, the tide gates were working properly during the main
growing season (May — September). They were beginning to show signs of renewed
malfunction in December.

*denotes that Common Name of this species is listed in Appendix F
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An overall review of the four years of monitoring concludes that the
constructed salt marsh and its adjacent upland buffer have established themselves well.
The marsh survived several long periods of tide gate malfunction (long duration drainage
as well as long duration inundation). The upland — while sustaining severe losses of shrub
and tree species — showed a remarkable resilience of recovering from salt water flooding,
erosion and sedimentation in the aftermath of Tropical Storm Sandy in late 2012. The
physical, chemical and biological indicators of water quality showed an improvement
over conditions preceding the installation of an automatic tide gate; they remained
relatively constant throughout the monitoring period of the past four years.

The Long-Range Management Plan for Manursing L.ake, a companion to this
Monitoring Report details the concerns and work that remain to be done to preserve the
lake, the marsh and the adjacent grassland as viable habitats tributary to a healthy Long
Island Sound and as a recreational resource for park visitors and neighbors alike. These
recommendations focus on the continued monitoring of tide gate function, debris removal
and vigilance toward invasive plant species.

*denotes that Common Name of this species is listed in Appendix F
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Means and Methods

General Note: In keeping with international standards, all measured data were recorded
in metric units (centimeter, meter, square meter, hectare, etc.). For the convenience of the
reader, these data were converted into English units (inch, foot, acre, etc.) and are
displayed in parentheses behind the metric data.

Similarly, to unmistakably identify species, they are generally listed with their scientific
names, which can be cross-referenced in Appendix F, in a list of scientific names and
commonly used English names of all species used throughout this report.

Target data:
Assignment 1 - Salt Marsh Monitoring

Plant and animal densities and sizes along permanent sampling transects.
Overall marsh assessment.

Assignment 2 - Upland Area Adjacent to Coastal Wetland Monitoring

Overall success of plantings, signs of disease, predation, or other disturbances, changes in
species dominance and abundance, volunteer plant species recruitment, invasive species
recurrence, use by animals.

Assignment 3 - Aquatic Habitat Characterization
Water quality (temperature, dissolved oxygen content, turbidity, transparency, ammonia,
nitrite, nitrate, phosphorus, PH, salinity) and plankton.

Assignment 4 - Invasive Plants Monitoring

Documentation of recurrence of Phragmitis australis*, Polygomum cuspidatun®,
Ampelopsis brevipedunculata®, and Artemisia vulgaris*. Other potentially invasive
species as encountered.

Assignment 5 - Tidal Action Monitoring
Compilation of a complete tidal record for the four year monitoring period.
Check the accuracy of automatic tide gate against the data collected in the field.

Description of Means and Methods:

Assignment 1 - Salt Marsh Monitoring

In general accordance with the “New York State Salt Marsh Restoration and Monitoring
Guidelines”, we marked three (3) permanent transects that were evenly spaced across the
low marsh between elevations + 2.59 and + 6.16 feet above sea level at their extreme low
and high points. Elevations were read with a builder’s level and stadia rod referencing
survey control points laid out by a licensed land surveyor. Each of the three transects
were marked with 2-inch PVC pipe on either end. Within each transect, we established 3
permanent monitoring plots (1.0 m”each) in different vegetation zones. The transect

*denotes that Common Name of this species is listed in Appendix F
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markers were placed at the seaward edge of the planting shelf and landward just outside
the plantings of Iva frutescens*. The locations of the monitoring plots were randomly
chosen in 2011 and marked with 1-inch PVC pipe on two opposing corners.
Unfortunately, these “permanent” transects and sampling plots were destroyed in early
2012 and the newly established transects and sampling plots do NOT match exactly with
the prior year’s locations, despite our best efforts in locating them as close to the 2011
locations as possible. In each sampling plot we noted our observation about cover
percentage, plant species occurrence, stem density count, plant height, signs of disease,
predation, or other disturbances. Measurements were done manually, and entered into
field worksheets. The field data were transferred into Excel spread sheets by the
investigator and proof read by a second person. Transects and each of the sampling plots
were photographed digitally with the date stamp imprinted. For transect locations and
photo stations refer to Exhibit 1. Monitoring was conducted on June 27 & 30, and on
September 19, 22 & 23, 2014.

Assignment 2 - Upland Area Adjacent to Coastal Wetland Monitoring

Upland of the salt marsh monitoring area, we recorded the overall success of plantings,
signs of disease, predation, or other disturbances, volunteer plant species recruitment,
invasive species recurrence, and use by animals. The overall plant cover was estimated in
percent and characterized; we listed all plant species found, and assessed the survival,
size and health of planted shrubs and trees as compared to the construction documents.
The manually recorded field data were transferred into Excel spreadsheets by the
investigator and proof read by a second person. The plantings were photographed
digitally with the date stamp imprinted. For transect locations and photo stations refer to
Exhibit 1. Monitoring was conducted on June 30, July 8, October 3 and 7, 2014.

Assignment 3 - Aquatic Habitat Characterization

Utilizing a portable kayak the investigator, sampled water quality and plankton at two (2)
sampling stations, depicted in the Overview Plan. Dissolved oxygen, temperature and
salinity were collected in the field using a microprocessor-based, hand-held digital meter
with attached combination conductivity and dissolved oxygen probe (YSI Model 85). The
instruments sensor was suspended 0.5 meter (18 inches) into the water column. Turbidity
was measured in the field using a Secchi disk, and in the laboratory, using a Portable
Microprocessor Turbidity Meter, that provided FTU readings. At the time of the FTU
readings, additional salinity and pH readings were conducted in the lab, using a handheld
refractometer and Oakton pH Tester “Spear”. Water samples were taken from the surface
by dipping sampling containers into the water column, storing them in an ice-cooled
container and transferring them to a New York State certified laboratory for chemical and
bacterial analysis (ammonia, nitrite, nitrate, phosphorus, e-coli, total coliform). The
plankton was collected using a 0.96 meter long (3 ft), 153u plankton mesh net, with a
0.30 meter (1ft) opening that was towed behind the boat for approximately 5 minutes
near the surface. The plankton was kept chilled and was examined, while still alive, in
our own laboratory under a microscope on the same day it was caught.

*denotes that Common Name of this species is listed in Appendix F
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The manually recorded field data were transferred into excel spreadsheets by the
investigator and proof read by a second person. Sampling was done on June 25 and
August 27, 2014. All data are reported in Tables 5 — 7 in Appendix C.

Assignment 4 - Invasive Plants Monitoring

During the monitoring of the salt marsh and of the upland restoration areas, particular
emphasis was put on observations documenting the recurrence of such species as
Phragmitis australis*, Polygomum cuspidatum®, Ampelopsis brevipedunculata*, and
Artemisia vulgaris*. Other potentially invasive species were noted as encountered. In all
cases (recurrence and new recruitment), we noted the location(s) and estimated
density/coverage by species. All invasive species were documented with digital color
photographs.

Assignment 5 - Tidal Action Monitoring

We compiled a complete tidal record based on the data automatically recorded at the tide
gate. We twice gathered selected tidal records with conventional surveying equipment on
June 30 and on October 3, 2014, referencing survey control points laid out by a licensed
land surveyor. For each reading, we retained a photographic record of the lake edge and
tide gate.

*denotes that Common Name of this species is listed in Appendix F
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Exhibit 1: Annotated aerial photo of tidal marsh and upland restoration planting site at Manursing Lake, Rye, NY, showing
approximate locations of sampling transects T1 — T3 and permanent photo locations. The site is shown during construction in
June 2010. Source: Google Earth
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Results

Assignment 1 - Salt Marsh (Low Marsh) Monitoring

The 3 permanent transects across the salt marsh cover a range of elevations from +2.59 to
+6.16 (up from +2.54 to +6.11 in 2012). In 2011 the transect markers were generally
placed at the perceived seaward and landward edges of the salt marsh for practical
reasons, regardless of elevation. Elevations were then measured at a later date. Transects
range from 12 to 23 meters in length (39.4ft-75.5ft). The permanent monitoring plots are
covering the entire range of the salt marsh, from its upper edge — the high marsh — to its
lowest elevation — the low marsh. A summary of monitoring plot site information and
inventory results is shown in Table 1. The permanent transects proved less than
permanent when fence management crews removed all permanent markers in early 2012
during the removal of the waterfowl exclosure. The transects were re-established in June
2012, based on very few remaining clues and previously recorded measurements. The
2012 transects resemble the 2011 transects, but as a comparison of elevations shows (see
Table 1), not all sampling plots appear to be in their prior locations.

Tropical Storm Sandy deposited sediments throughout the site at variable rates.
Typically, the more southern (landward) the location along a transect, the more sediment
was deposited. At the northern transect ends Sandy caused minor erosion. During the
growing season we found 4 to 9.5 inches of standing water at all seaward transect
markers, while there was no standing surface water in the monitoring plots.

Overall the marsh appears healthy yet perhaps stressed. At its lowest elevations
comparison of salt marsh cover estimates and plant measurements of Spartina
alterniflora* for all 3 transects illustrates, that variations in cover and plant size persist.
Cover estimates in 2014 ranged from 30% to 93% - down from 80% to 100% in 2013.
Size measurements varied from 60 cm to 79 cm — down from 79 cm to 115¢m in 2013.

Anecdotally reduced cover correlated to increases in organic wrack, such as
leaves blown in from off-site, timbers and remaining dead plant material from the site
itself. There were plenty of small mud snails, some fiddler crabs burrows and various
juvenile crab species found at the seaward edge of the marsh, however none were found
inside the monitoring plots themselves.

Beginning roughly at and east of transect T3 Phragmites australis* is still trying
to stage a comeback after the initial chemical eradication effort of 2010 and subsequent
treatment in 2012. There was no chemical treatment or removal by hand of Phragmites in
2014. The cover rates are still comparable to those of 2013, and most of the plant is
concentrated in a narrow strip along the eastern landward edge of the marsh and at a
small tidal inlet at the far eastern end of the project. Exhibit 2 shows all areas and
approximate dimensions of remaining significant invasive species concerns.

The applicable data table (Table 1) and documentary photographs are shown in
Appendix A.

*denotes that Common Name of this species is listed in Appendix F
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Assignment 2 - Upland Area Adjacent to Coastal Wetland Monitoring

The trajectory of upland buffer planting and seeding changed dramatically in the
aftermath of Tropical Storm Sandy (October 29, 2012). The past two years have
significantly strengthened the vigor of native grasses, significantly diminished the
survival of the planted shrubs and tree species and kept invasive species levels somewhat
stagnant.

There were minimal weed removal efforts in 2014 (done by this investigator only
occasionally as he encountered certain invasive species, focusing mainly on Robinia
pseudoacacia and on Polygonum cuspidatum).

As in 2013 the entire upland site had changed character significantly, favoring the
seeded native grasses, which showed signs of patchy local dominance. Seeded native
wildflowers were still far and few between. Few of the planted shrubs and trees that
survived Sandy were still thriving (although at reduced survival rates). They were the
following five (5) species: Baccharis halimifolia* (76% survival, doubled in height),
Quercus palustris™* (86 % survival, stagnant in size), Quercus marilandica* (47%
survival, moderate growth of 21% in height), Juniperus virginiana* (45% survival,
moderate growth of 25% in height while simultaneously showing severe lateral dieback),
and Myrica (Morella) pensylvanica* (29% survival, healthy growth of 50% increase in
height).

Another seven (7) plant species survived with only a few specimen. Many of the
surviving specimens in this second group are barely recognizable, having been reduced to
bare sticks or short bunches of twigs by deer and rabbit browse. This group of plants
includes: Amelanchier canadensis*, Comptonia peregrina*, llex opaca*, Opuntia
humifusa®, Prunus maritima*, Rosa carolina*, and Viburnum dentatum?*.

Five (5) species were not found alive at all: Pinus rigida*, Pinus virginiana*®,
Rhus copallinum*, Rosa virginiana* and Salix discolor*. A complete list of counts and
size measurements is shown in Tables 2 and 3 in Appendix B.

As for the seeded portions of the restoration site, variable cover rates range from
30 to 100 percent. Generally the western third has 30 to 90 percent cover, the mid-section
and eastern third each have an almost complete cover of 90 to 100 percent.

We identified a total of 107 plant species growing in the upland buffer (exempting
the planted shrubs and trees), which represents a return to the plant diversity prior to 2013
when “Sandy” had slightly diminished the species count to 94. Ten (10) of these species
had been seeded (comprising two-thirds of the seeded species list — 10 of 15 species, and
representing a gain of two (2) species over the year 2013). Eleven (11) species are
seedlings of generally undesirable to outright invasive woody species (see Table 4 for the
entire list).

*denotes that Common Name of this species is listed in Appendix F
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Panicum amarum* and Panicum virgatum™ thrived even more than in all previous
years, accounting for almost all major cover percentages in the upland to roughly equal
parts, each covering from 15 to 45 percent of total coverage at any one location.
Anecdotally these two species grew up to six (6) feet tall . Alongside them we found
healthy populations of Sorghastrum nutans*, Schizachyrium scoparium*, and
occasionally Andropogon gerardii*, as well as several smaller grass species which were
never identified. Sorghastrum nutans*and Schizachyrium scoparium* began showing
signs of local dominance, forming patches clearly dominated by either of the two species.

Rare were the previously common wildflowers Monarda punctata®, Coreopsis
lanceloata™, and Asclepias tuberosa*.a continued aftereffect of flooding by “Sandy”.
Artemisia vulgaris* is still present throughout (estimated < 1% cover) and setting seeds.
Phragmites australis* was found very sparsely in the upland restoration east of the large
cottonwood tree (Populus deltoides™).

The applicable data tables and documentary photographs are shown in Appendix
B, Tables 2 — 4.

Assignment 3 - Aquatic Habitat Characterization

Based on the methodology per 2009 Water Quality Baseline Study, we compiled a list of
physical, chemical and biological water quality parameters (temperature, dissolved
oxygen content, turbidity, transparency, ammonia, nitrite, nitrate, phosphorus, PH,
salinity and plankton).

The sampling was done on June 25, and August 27, 2014. The data are
comparable to previous years and raise no concerns. Diatoms bloomed (were plentiful)
and curiously the zooplankton was extremely sparse consisting only of comb jellies (see
Discussion for possible explanation).

Sampling results are shown in Tables 5, 6, and 7 in Appendix C.

*denotes that Common Name of this species is listed in Appendix F
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Assignment 4 - Invasive Plants Monitoring
We identified 15 species of plants that pose a potentially serious threat of invasiveness if
not removed from the project site. They are:
o Ailanthus altissima*™,
Alliaria petiolata*,
Ampelopsis brevipedunculata*,
Artemisia vulgaris*™,
Celastrus orbiculatus™,
Cirsium arvense,
Humulus japonicus*,
Lonicera spp.* (bush honeysuckle seedlings),
Lythrum salicaria*,
Microstegium vimineum*,
Phragmites australis*,
Polygonum cuspidatum*,
Robinia pseudoacacia*,
Rosa multiflora*®, and
Securigera varia*™.

Polygonum perfoliatum™* was eliminated successfully in 2011 and did not recur in
2012, but did recur in 2013, when again it was eliminated. It was not found in 2014 — as
an aggressively spreading annual invasive weed it should remain on the watch list.

Remnants of Polygonum cuspidatum™* were removed manually and few survive as
re-sprouts within the restoration site.

Some Ampelopsis brevipedunculata™® and Celastrus orbiculatus* seedlings can be
found as small seedlings scattered throughout the site.

Lonicera spp.* were manually removed as encountered.

The most vigorously growing and widespread invasive species as in previous years
were Phragmites australis™ and Artemisia vulgaris*. Exhibit 2 identifies their prevalent
locations. Overall the extent of Phragmites* covers an estimated 400 square meters

(2012: 265 sq.m.), and Artemisia™* roughly 50 square meters (2012: 200 sq.m.).

The remaining eleven (11) species (as shown above and labeled INVASIE ALERT
in Table 4) are all represented by very few individuals scattered throughout the site.

Applicable documentary photographs are shown in Appendix D and brief species
descriptions including removal methods are listed in the Long-Range Management Plan.

*denotes that Common Name of this species is listed in Appendix F
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Assignment 5 - Tidal Action Monitoring

Tidal action monitoring continued uninterrupted through the end of December, when this report
was compiled. In general, the tidal action was regular and slightly elevated from the plan during
the growing season (defined as lasting from May 15 to September 15), for which a maximum low
tide elevation of +3.0 was the target, and the recorded actual low tide was +3.17, which is 1.4
inches above the target elevation.

Before and after the summer elevation target, a winter elevation target for the low tide
was set for elevation +2.5. In the beginning of the year this second target elevation was reached
only for about one week due to mechanical tide gate problems. These were finally fixed in early
May, allowing for steady low tides during the summer of elevation +3.17. By mid-December
2014 the automatic readings become very erratic again.

The manually acquired data and the automatically collected tide data do not match
exactly. They are close near the tide gates, but differed at the transects. At the transects the
average low tide on June 30 read +3.58; while the automatic reading registered +3.12 (summer
target was +3.0). On October 3, the corresponding readings were +2.74 and + 2.61 (winter target
was +2.5).

The tidal amplitude, the difference between high and low tide, varies considerably
between 12 cm (4.8 inches) on June 30, to 33 cm (13 inches) on October 3. The automated record

shows that the amplitude is generally about 12 inches, which corresponds to the design criteria.

The applicable data table (Table 8), documentary photographs and tide charts are
shown in Appendix E.

*denotes that Common Name of this species is listed in Appendix F
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Exhibit 2: Annotated aerial photo of tidal marsh and upland restoration planting site at Manursing Lake, Rye, NY, showing
approximate locations of recurrent invasive weed species Phragmites a., and Artemisia v. Source: Google Earth
Note: * common names are listed in Appendix F
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Discussion

Assignment 1 - Salt Marsh (Low Marsh) Monitoring

The salt marsh consists of its most obvious and visible components, the plants, and of
large numbers of animal species, which inhabit the marsh. An excerpt from: New York
State Salt Marsh Restoration and Monitoring Guidelines (page 17) reads,
“Invertebrate macrofauna are an important component of tidal salt marsh systems,
providing food for many birds and fish of the marsh, as well as contributing to the
structural and functional characteristics of the habitat. The macrofauna are significant
consumers of algae, detritus, and smaller invertebrates, infauna rework marsh sediments
and inoculate them with microbes while feeding. Among those macrofauna

most frequently observed in salt marshes are ribbed mussel (Geukensia demissa), fiddler
crabs (Uca spp.), and salt marsh snail (Melampus bidentatus).”

The ultimate success of the salt marsh will depend on extent and consistency of
the tidal inundation. The vegetation is at the end of its fifth growing season, with both
low and high salt marsh forming sod. Spartina alterniflora*, the only plant of the low salt
marsh, lost some of its average height and some its average cover as compared to the
prior monitoring year. That prior year was the year after tropical storm “Sandy” had
dumped significant amounts of sediments (in particular silts) onto the marsh, thus
providing a temporary boost of nutrients.

In addition relatively high water depth with readings averaging elevation +3.17
(= 1.4 inches above elevation 3.00) at low tide during the summer growing period seem
to indicate that perhaps water levels were saturating the lower marsh elevations more
than in the previous year and thus triggering a stunted growth response. Lack of flushing
as evidenced by significant debris loads recorded in the sampling quadrants may also
have prevented seedling success, further contributing to low coverage percentages. The
leading edge of the low marsh appears to have stayed steady, although this assumption
was not field checked due to the high water levels at the edge even during low tides.

During the summer months we observed fiddler crab burrows and young spider
crabs (although outside of our monitoring transects) and mud snails. Remnants of
wooden stakes as well as random small rocks along the original edge of the planting shelf
had been colonized by a variety of unidentified seaweeds — indicating that they most
likely were rarely if ever exposed to a drawdown for prolonged periods of time.

The invasive Phragmites australis is regaining its dominant status at the eastern
end of the restoration site where it thrives in the constant upland drainage coming from
the general direction of the Nature Center. The majority of the restoration site however is
free of this invasive plant. This success can most likely be contributed to the
implementation of designated stromwater drainage structures that largely channel runoff
from the overflow parking areas and service road to designated outlet structures.
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Assignment 2 - Upland Area Adjacent to Coastal Wetland Monitoring

The overall growth and development of the upland coastal grassland buffer continued to
solidify its giant leap forward as a result of the inundation by Tropical Storm Sandy in
October 2012. The coastal grasses Panicum amarum™* and Panicum virgatum* as well as
Schizachyrium scoparium and Sorghastrum nutans clearly dominate the upland area.
Both Panicum species were absolutely dominant throughout the upland area. Mixed in
with them healthy populations of Sorghastrum nutans*and Schizachyrium scoparium*
formed clearly identifiable patches where either of these was dominant. Andropogon
gerardii* occurred sporadically in individual clumps.

Among the planted shrubs and trees, only Baccharis halimifolia* survived in
good numbers showing significant growth. Of the two oak species — Quercus palustris
and Quercus marilandica — the former had very light canopies, the latter looked healthier,
but had reduced numbers due to the damage several of the rather small trees took when
“Sandy” had knocked them over. Statistical numbers for Juniperus virginiana are
somewhat misleading, as many of the surviving specimens took significant losses as
evidenced by dying and dead branches even though the plant was growing upwards.
Morella pensylvanica on the other hand seems to have benefitted from sediments dumped
by Sandy, as it’s surviving specimens appeared not only healthy and thriving, but did so
particularly pronounced in areas where lots of sediments had been dumped.

None of the previously common showy flowering herbs, such as Monarda
punctata*, Coreopsis lanceloata™, and Asclepias tuberosa* did particularly well — but as
species they are still represented. Goldenrods, such Solidago sempervirens, Euthamia
caroliniana and E. graminifolia clearly increased in numbers.

As for the invasive alien plant species, the dramatic loss of momentum
documented for the advance of Artemisia vulgaris* recorded in 2013 seems to have
continued into 2014. However there are large stands of this invasive perennial throughout
the site and they produced vigorous seed-bearing plants this year. Absent effective
management in the future (or more frequent salt water inundations) Artemisia™ still poses
a serious threat to the long-term survival of the grassland.

Assignment 3 - Aquatic Habitat Characterization

The chemical and physical water sample analysis showed levels comparable to those seen
in the previous years following the installation of the new tide gate. Similarly, bacterial
levels (including E-Coli) stayed fairly constant, peaking slightly near the tide gates,
which could be an indication that they were driven by levels in Long Island Sound.

The plankton community was curiously sparse, dominated by comb jellies (a type
of jelly) and diatoms (algae). We did not record copepods (planktonic crustaceans), small
invertebrates that had been present in the prior three years of monitoring and outright
dominant prior to the installation of the new tide gates. The only obvious explanation for
this phenomenon would be a significant increase in juvenile and small adult fin fish for
which copepods are a mayor food source. Anecdotally there were schools of small fish
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(e.g. Atlantic Silverside - Menidia menidia; and killifish such as the Mummichog,
Fundulus heteroclitus) in Manursing Lake along with larger predatory fish chasing the
smaller ones. The general paucity of zooplankton feeding on algae and diatoms is likely
a major cause for the diatom bloom, meaning that they occurred in such high densities
that they clouded the water causing reduced visibility below water.

Assignment 4 - Invasive Plants Monitoring

During the summer of 2014 the County of Westchester did not attempt to curb the spread
of the invasive weeds. During our field visits we removed some — mostly juvenile —
plants as we encountered them. We specifically removed Robinia pseudoacacia* and
Polygonum cuspidatum* from several small upland occurrences by hand.

Phragmites australis* continued to consolidate its population at the edge of the
marsh, particularly at the eastern end of the restoration project. All other “weed” species
seem to have stayed at 2013 levels, with two new additions found: Cirsium arvense*, and
Securigera varia*(a potentially very serious threat). Polygonum perfoliatum* was not
found this year, but it too remains a serious potential threat having been found at the site
twice before (it is an annual that gets spread through birds as vectors). Mycrostegium
vimineum* recurred after a noted absence in 2013,

Along with Phragmites* we identified 14 more species of plants that pose a
potential threat of invasiveness to the coastal wetland buffer. Of these the most imminent
threat still comes from Artemisia vulgaris*, which was already designated in the past
three years for removal and chemical treatment. There was no herbicide treatment in
2014. While the one-time saltwater inundation during Tropical Storm Sandy visibly
stunted the growth of Artemisia, this effect is not permanent. With continued freshening
of the ground (precipitation leaches salts out) we can expect that this species will regain
strength. Artemisia is poised to expand its reach further, absent another catastrophic
flooding event.

We found new seedlings of Ampelopsis brevipedunculata™® and Celastrus
orbiculatus*; both species of considerable potential to overrun the site in the long-term.
All other potentially invasive species were merely seen in small numbers. Most do not
pose serious threats in the short and medium term. Perhaps noteworthy is the strong
growth of a few Robinia pseudoacacia* volunteers, which, we cut back to the ground in
2014. These need to be eliminated from the site in the coming years to prevent them from
growing into shade trees that will diminish the open character of the buffer and reduce
the vigor of salt marsh plant species.
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Assignment 5 - Tidal Action Monitoring

The automatic tide data clearly show that repairs to the tide gates were done in early May
2014. For the remainder of the growing season and up to the beginning of winter in
December the readings almost flawlessly show unobstructed tidal exchanges. By mid-
December 2014 the automatic tide readings become increasingly unreliable and it is
impossible to detect from afar if this is simply a malfunction of the sensor or of the tide
gates. Overall the tides during the summer growing season were steady and predictable.
Low tides readings at the tide gates were a little higher than desired (by approx.. 1.4
inches or 11.6% of the target tidal range) , which may have been a factor that contributed
to the recorded reduction in cover and vigor of Spartina alterniflora™, the only plant of
the lower salt marsh. We recorded larger discrepancies at the three transects. Those
readings may have been influenced by inaccuracies stemming from difficulties to
determine the exact point at which the low tide mark fell between stems of grass and
decaying plant matter.

Given the central importance of tides for the success of the salt marsh
establishment and survival, proper functioning of the tide gates is imperative. We have a
complete data record for 2014, which was obtained from automatic data loggers at the
tide gate. The remote access to detailed tide records allowed County of Westchester to
react to abnormalities of the tides with repairs in May, and with checking of field
conditions in December when tide records indicated abnormalities. These kinds of
observations followed by intervention must continue for the salt marsh to survive in the
long-term. The salt marsh plant and animal communities require not only salt water but
also frequent and predictable flooding in order to maintain health and vigor. The extent of
the marsh is directly correlated to the extent of tidal reach and the maintenance of a
predictable low tide level (the lower the low tide the wider the extent of the marsh, given
a constant mean high tide level).
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