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Executive Summary

Efforts by Nova Scotia Department of Transportation and Infrastructure Renewal (NSTIR) to
restore tidal flow and wetland habitat conditions to the four quadrants of dykeland at the
intersection of Highway 101 and the St. Croix River began in 2007 with the completion of a
restoration feasibility study. It was determined that breaching the agricultural dykes would result
in the periodic flooding of the sites leading to the re-establishment of wetland habitat conditions.
Baseline ecological monitoring and restoration design took place between 2007 and 2009 leading
to the actual restoration (earthworks) in 2009. It was determined that restoration activities would
re-establish the four study sites to wetland habitat as part of the Thumbhill Creek and St. Croix
River coastal floodplain ecosystem and result in the:

» Re-establishment of a more natural connection between each of the sites and the larger St.
Croix tidal river system,;

e Re-development of a more diverse range of habitat conditions (from tidal brackish, to tidal
fresh, to freshwater wetlands grading into coastal floodplain and riparian habitat);

» Improved fish passage to the sites and access to the marsh surfaces;

e Creation and enhancement of bird and waterfowl habitat;

« Improved productivity and transport of materials (nutrients); and

« Allowance of each of the sites to re-establish a natural process of habitat succession.

Restoration activities were carried out in three phases during the summer of 2009 and consisted
of breaching the dykes on each of the four sites in one or more locations; the excavation of tidal
channels in order to reconnect original drainage basins and creek networks to the river; and the
creation of shallow water ponds on the largest site (SCW: Chapter 2).

A pre-and post-restoration monitoring program was developed for the project based on the
experience with similar projects in the region (Chapter 3). In addition to the baseline monitoring
activities, which were conducted in 2007 and 2008 (Bowron et al. 2008b; Bowron et al. 2009), a
minimum of five years of post-restoration monitoring will be completed at the St. Croix study
sites (SCW, SCE, SCS and SCP) and the reference site (SCR) in order to quantify environmental
change in response to restoration, to facilitate adaptive management actions if required, and to
verify project success. The fourth year of post-restoration monitoring commenced in July of
2013, the results of which are provided in the following report (Chapter 4), and a summary is
provided below.

Geospatial Attributes

The total area of the SC restoration sites was delineated to approximately 18.13 ha with the
addition of more accurate elevation and hydrological data collected in 2012. Low-altitude
orthorectified aerial imagery of SCW was obtained in 2010 and 2012. The SCP, SCE and SCS
study sites were photographed October of 2012, which enabled improved delineation of these
sites over previous years. The habitat maps and the SC DEM will be further updated in Year 5
(2014) with data collected during that monitoring season.
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Hydrology
Hydroperiod and Tidal Signal:

The highest tide level recorded for the sampling period 24 September to 07 November 2012 for
SCW, SCP and the St. Croix River was 7.86 m, 8.01 m and 7.07 m respectively. The maximum
recorded high tide in 2012 (7.90 m: CGVD28) covered 17.40 ha of the SC restoration sites. The
plots at SCP were flooded on 0 — 20% of the high tides, compared to SCW which had a greater
number of plots flooded at more than 30% of the high tides. The plot inundation frequency at
SCR was similar to that of SCP. The tidal signal will be measured again in Year 5 (2014) of the
monitoring program.

Water Quality:
For the 2013 sampling events that occurred within the site at SCW (aboiteau channel) during
nekton sampling, the salinity ranged from 2.5 ppt in September to 0.8 ppt in October. The
salinity of the river water during high tide ranged from 0.0 ppt (surface) to 5.8 ppt (at depth; 2.5
m). The other parameters measured were within the expected range for estuarine habitat.

Soils and Sediments
Pore Water Salinity:

Salinity readings at SCW and SCP have increased from pre-restoration readings of 0.0 ppt to a
mean of 1.58 ppt and 0.70 ppt respectively (includes all shallow and deep readings). The mean
salinity reading at SCR was 0.97 ppt. No Significant differences were detected between shallow
and deep readings at any site. Significant differences were, however, detected between sites for
deep readings and shallow readings. For deep readings no significant differences were found
between years at SCR or SCP, while shallow readings showed significant differences. SCW
showed the opposite pattern, with deep readings showing significant differences and shallow
readings showing no differences.

Sediment Accretion and Elevation:

At SCW, RSET-01 and RSET-04 saw an increase in the rate of surface elevation more than
double that of the previous year. Conversely, RSET-02 and RSET-03 were close to half of the
values reported in 2012. Over time the sediment accretion rates have decreased at all RSET
locations, although there is still a net accretion over the four years of post-restoration monitoring.
SCP was similar to SCW as higher rates of sediment accretion were also recorded for 2013. All
RSETs at SCW and SCP recorded surface elevation changes much greater than SCR, with the
exception of SCP_RSET-02, which has displayed the closest values to SCR (< 1 cm) in all years
except 2013 (1.77 cm). Sub surface processes such as decomposition, compaction or de-watering
of the deposited soils were recorded at all RSETs in 2012 and at SCP_RSET-01 in 2013.

Soil Chemistry (Redox Potential):
At SCR the values indicated that aerobic respiration was occurring at all sampling locations. At
SCW, values indicated that aerobic respiration was only experienced at two locations.
Conversely, at SCP values indicated aerobic respiration at all but three locations. SCP had the
closest values to SCR compared to the other restoration sites. Overall, the values indicated
moderate anaerobic stress on vegetation with the potential for moderate decomposition rates to
occur within the soil under these anaerobic conditions. There is potential for sulfide, a known
phytotoxin, to accumulate within the soil. However, sulfate reduction was not the dominant
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redox reaction being measured at any of the SC restoration sites; therefore, high levels of sulfide
are not expected to accumulate. An additional year of data collection should provide some
insight into whether the SC restoration sites are trending towards conditions at SCR or if a
greater anaerobic stress is expected in the future.

Vegetation

Species richness increased between pre- and post- sampling at most sites. Halophytic richness
increased significantly at SCP, SCW and SCP-fringe between pre- and post-restoration sampling,
especially at SCW, but has been relatively constant since 2011 at these sites. Halophytic
abundance was greatest at SCS-fringe, which contains just two plots that have relatively high
abundances of S. pectinata. Halophytic species abundances increased significantly at SCW and
SCP over the study period; SCE showed an increase in 2011 followed by decline to previous
levels by 2012, and an increase again in 2013 (due to fluctuations in S. pectinata plot frequency).
The largest increase was between 2010 and 2011 for SCW, with 2012 and 2013 levels staying
high but not increasing. Most of these increases are accounted for by Spartina pectinata, which
increased at SCW and SCP sites in both coverage and frequency. The other sites (reference, SCS
and the fringe sites) did not show consistent changes over the same time period. The amount of
unvegetated area was highly variable from year to year, with notable increases at SCW between
pre-restoration and 2010, and then a decline between 2010 and 2013.

Nekton

Over the first three years of post-restoration monitoring, six different species were caught in the
minnow traps and fyke net at SCW. In 2013, the numerically dominant species caught in the fyke
net were Anguilla rostrata, and Microgadus tomcod. Fundulus heteroclitus were the only species
captured in the minnow traps in 2013. Over the four years post-restoration, the presence of a
large number of juvenile striped bass, tomcod and (Anguilla rostrata), as well as a large number
of Fundulus heteroclitus utilizing the ponds and the harbour porpoise and sturgeon remains
discovered on SCW in 2009 and 2013 respectively, are all evidence of the importance of tidal
wetlands, and SCW in particular, as fish habitat.

Benthic and Other Aquatic Invertebrates

Benthic Invertebrates:
It was found that, similar to 2012, the samples collected at SCW, Sweet’s Corner and SCR four
years post-restoration were not statistically different. The species found in the samples at the
highest numbers were species of the sub-class Oligochaetes. In 2012, Corophium volutator was
found in the Sweet’s Corner samples, but not at SCW or SCR and this year (2013), Corophium
volutator was found at each sampling location.

Aquatic Invertebrates:
There were over 60 species found at the three sampling locations (SCW, SCP_Pond and
SCP_Channel) during the post-restoration monitoring program data collection. Of note was the
presence of juvenile American eel (Anguilla rostrata; elvers) in the IAT samples from both
ponds at SCW. It was found in 2013 (Year 4) that SCW was statistically different from
SCP_Channel and from SCP_Pond. In 2012 the results showed that SCW and SCP_Channel
were not statistically different. Similar to 2012, it was found in 2013 that SCP_Channel was not
statistically different from SCP_Pond. For species richness, the SCW samples were found to be
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statistically different from SCP_Channel, opposite to 2012 findings, and SCW was statistically
different from SCP_Pond. At SCP, the samples from SCP_Channnel and SCP_Pond were found
to be statistically different. Overall, the abundance numbers were found to be low across all
samples.

Summary

The results of the fourth year of post-restoration (2013) monitoring of the St. Croix River High
Salt Marsh & Tidal Wetland Restoration project were presented in this report. The goal of the
monitoring program was to provide a scientific record of habitat conditions at both the
restoration and reference sites, to document the change in physical and biological conditions in
response to manipulation and to facilitate adaptive management if warranted.

Prior to restoration, the SC restoration sites were fallow agricultural lands, with only one of the
four sites (SCW) used intermittently as marginal grazing land for a small number of cattle. The
restoration of these sites, which included dyke breaching and channel excavation, re-established
tidal flooding of the former dykelands upon completion of restoration activities. The result was a
more natural hydrological regime; a rapid influx of sediment (increase in marsh surface
elevation); a shift in vegetation community assemblage (decrease in pasture weeds and increase
in fresh, brackish and halophyte species); an increase in soil water content and salinity levels;
creation of new habitat for birds and waterfowl; restored fish access and an increase in fish
habitat.

The vegetation at SCW has not yet reached equilibrium at year four, with individual plots still
changing vegetation type year to year. In addition, with the continued sediment deposition, there
is continued disturbance potential at the site, which can allow for vegetation colonization of
differing species at certain areas. With the initial high sediment deposition at SCW there was
concern that the agricultural layer would decay, creating an anoxic layer with a subsequent
vegetation die-back. Soil chemistry readings taken in year four revealed that this was not
occurring at the present time. The values indicated anaerobic respiration was present, but sulfate
reduction was not the dominant redox reaction; therefore, sulfide, a known phytotoxin, was not
accumulating in the soils. SCW differs from the other restoration sites as it receives flooding on
a greater number of tides than the other three sites. SCW appears to be located at the turbidity
maximum (upstream limit of the tidal salt wedge) and has the potential for sediment to be
sequestered on the incoming tide at SCW thereby lower sediment accretion rates at SCP. SCP
differs from SCW in most parameters and is the most similar to the reference site four year post-
restoration than the other SC restoration sites. There have been little to no changes at the
reference site over the duration of the monitoring program.

In year five (2014) data will be collected for all parameters including geospatial attributes,
hydrology, soils and sediment, nekton and vegetation, giving a more complete picture of the
changes that have and are occurring at the SC restoration sites. Thus far the St. Croix River High
Salt Marsh & Tidal Wetland Restoration project has been successful in restoring tidal wetland
physical and biological conditions from fallow agricultural sites, without the need for additional
manipulations beyond the original restoration activities.
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1.0 Introduction

When it was determined that on-going efforts to twin Highway 101 would result in unavoidable
alteration to several wetlands, including the Ben Jackson Wetland (NSE Approval No. 2006-
054136) and Meadow Pond (NSE Approval No. 2008-063206 and DFO HADD Authorization
No. 08-HMAR-MA7-00067), CBWES Inc. was commissioned by NSTIR to develop a wetland
and fish habitat compensation (restoration) proposal (Bowron and Neatt 2007). The proposal
detailed the restoration of four fallow dykeland sites along the St. Croix River (West Hants
County, NS). The four sites bordering the Highway 101/St. Croix River crossing were suggested
to NSTIR by NSDA as potential wetland restoration sites.

In 2007, in order to complete the compensation proposal, a feasibility study was conducted
which included an elevation survey of three of the four sites, development of a digital elevation
model (DEM) and flood model, consultation with NSDA staff, and the development of a
restoration design proposal and monitoring program (Bowron and Neatt 2007). Baseline data
was collected on these three sites as well as a reference site during the 2007 monitoring season
(Bowron et al. 2008). In 2008, baseline monitoring for the fourth site was completed as well as
the restoration design (Bowron et al. 2009; Graham et al. 2008).

Based on the feasibility studies, it was determined that if the agricultural dykes were to be
partially (or completely) removed, the periodic flooding of the sites by tidal waters would have
the potential to create a very dynamic and productive wetland habitat. Dyke removal and the re-
activation of tidal creek networks within the sites to re-connect the wetlands to the adjacent
watercourse, along with the re-direction of surface runoff and the creation of one or more ponds,
would re-create a tidally influenced brackish (high salt marsh) and floodplain wetland complex
that was present prior to the sites being dyked. It was determined that restoration activities would
re-establish the four study sites as part of the Thumbhill Creek and St. Croix River coastal
floodplain ecosystem and result in the:

» Re-establishment of a more natural connection between each of the sites and the larger St.
Croix tidal river system;

» Re-development of a more diverse range of habitat conditions (from tidal brackish, to tidal
fresh, to freshwater wetlands grading into coastal floodplain and riparian habitat);

« Improved fish passage to the sites and access to the marsh surfaces;

e Creation and enhancement of bird and waterfowl habitat;

o Improved productivity and transport of materials (nutrients); and

» Re-establishment of a natural process of habitat succession at each of the four sites (Bowron
and Neatt 2007).

Restoration activities (construction) were carried out in three phases during the summer of 2009
(see Chapter 2), according to the design proposal (Graham et al. 2008), after one year of baseline
(pre-restoration) monitoring was completed (Bowron and Neatt 2007). Long-term, post-
restoration monitoring (minimum five years) of the St. Croix Restoration site began in 2010 in
order to quantify environmental changes and verify project benefits and success.
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All aspects of this project were conducted and supervised by CBWES staff and project partners,
under contract to NSTIR. Field and laboratory work was carried out by: Tony M. Bowron,
Nancy C. Neatt, Jennie M. Graham, Christa Skinner and Carly Wrathall with CBWES; Dr.
Jeremy Lundholm, Dr. Danika van Proosdij, Greg Baker (Mp_SpARC) with Saint Mary’s
University (SMU); and Patrick Stewart and Heather Levy (Envirosphere Consultants Limited).

1.1 Tidal Wetlands

There are three major types of tidal wetlands according to salinity: salt marshes, brackish wetland
and freshwater tidal wetland (Coultas and Hsieh 1997; Tiner 2005). The freshwater tidal wetland
represents the upstream end of the gradient of the three habitats and tends to be found just
upstream of the salt front (MDFW 1999). Tidal freshwater wetlands are important to a mixture of
fish species including freshwater, anadromous, estuarine and marine (Odum 1988). They are also
important feeding, nesting and breeding habitat for birds such as waterfowl (mallards, American
black duck), red-winged blackbird, kingfisher, osprey and great blue heron (MDFW 1999;
NSDNR 1998). Brackish wetlands, found upstream in tidal rivers, have reduced salinity (half that
of sea water to almost fresh) with vegetation diversity greater than that of salt marshes (Tiner
2005), as the salinity of salt marshes only allows for halophytes to survive. Salt marshes are
highly productive and provide habitat to many species of wildlife including fish, mammals and
birds (waterfowl and shorebirds). It is anticipated that elements of all three wetland types will be
present at the St. Croix Restoration sites, but that overall the sites will be pre-dominantly brackish
and tidal fresh in nature. Wetland habitat recovery will be analyzed by the post-restoration
monitoring program (Chapter 3).

1.2 CBWES Inc.

Since 2005, CBWES has been involved in the restoration and monitoring of ten tidal wetland
restoration projects within NS in collaboration with NSTIR'. These projects, in particular, the
design and monitoring activities, have been presented by CBWES staff in poster and oral
presentation formats at a number of regional, national and international scientific conferences”.
Please contact CBWES for more information on these presentations. CBWES is committed to
continuing to participate in important events such as these.

Cheverie Creek, Walton River, Lawrencetown Lake, Smith Gut, St. Croix River, Cogmagun River, Antigonish
Landing (in collaboration with CBCL Ltd.), Three Fathom Harbour, Tennycape and Morris Island (Bowron et al.
2011a,b,c; Bowron et al. 2012b,c; Bowron et al. 2013a,b,c,d; Bowron et al. 2014a,b; CBCL 2011; Neatt et al. 2013;
van Proosdij et al. 2010).

CBWES reports available for download at www.gov.ns.ca/tran/enviroservices/enviroSaltMarsh.asp)

26th Annual Atlantic Reclamation Conference (ARC 2013); Coastal and Estuarine Research Federation 22™
International Conference (CERF 2013); 2013 Mid-Atlantic Living Shorelines Summit (RAE 2013); Atlantic Canada
Coastal and Estuarine Science Society 2012 (ACCESS 2012); BoFEP’s 9" Bay of Fundy Science Workshop
(BOFEP 2011); Coastal and Estuarine Research Federation’s 21* International Conference (CERF 2011); Restore
America’s Estuaries 5" National Conference on Coastal and Estuarine Habitat Restoration (RAE 2010); Atlantic
Reclamation Conference (ARC 2008; 2009, 2010); Coastal and Estuarine Research Federation’s 2009 International
Conference (CERF 2009); BoFEP’s gt Bay of Fundy Science Workshop (BoFEP 2009); Canadian Water Resources
Association - Maritime Water Resources Symposium (CWRA 2008); Atlantic Canada Coastal and Estuarine
Science Societies” 2008 conference (ACCESS 2008); Estuarine Research Federations’ 2007 International
Conference (ERF 2007); Canadian Land Reclamation Associations National Conference (CLRA 2007); Ecology
Action Centre’s “Six Years in the Mud — Restoring Maritime Salt Marshes: Lessons Learned and Moving Forward”
workshop (EAC 2007).
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CBWES has a strong research partnership with SMU. Through this partnership, a number of
undergraduate and graduate level research projects involving the restoration project sites have
been supported. As a recognized Industrial Partner with the Natural Sciences and Engineering
Research Council of Canada (NSERC), CBWES Inc. received NSERC grants for six of these
projects (four undergraduate and two graduate). The resulting theses are available from the SMU
library. Summaries of these salt marsh restoration research projects, as well as the non-NSERC
funded current and completed projects are provided in Appendix A.

To date, two peer-reviewed papers have been published focusing on separate restoration projects.
One was published in Restoration Ecology on the Cheverie Creek Restoration Project titled
“Macro-Tidal Salt Marsh Ecosystem Response to Culvert Expansion” (Bowron et al. 2011a) and
the second appeared in the journal Ecological Engineering on the Walton River Restoration
Project titled Ecological Re-engineering of a Freshwater Impoundment for Salt Marsh
Restoration in a Hypertidal System (van Proosdij et al. 2010). A third paper, “Classification and
environmental correlates of tidal wetland vegetation: implications for ecological restoration and
monitoring” is being peer-reviewed for publication in the journal Estuaries and Coasts (Porter et
al. submitted). A book chapter has also recently been published titled “Chapter 13 — Salt Marsh
Tidal Restoration in Canada’s Maritime Provinces” in Tidal Marsh Restoration: A Synthesis of
Science and Management (Roman et al. 2012). Abstracts for each of these publications appear in
Appendix A.

1.3 Purpose and Rational for 2013 Study

The purpose of this project was to conduct the fourth of the required five years of post-
restoration monitoring of the St. Croix River High Salt Marsh and Tidal Wetland Restoration
Project. The intent of this program was to document and determine the nature of the changes at
the restoration site (SCW, SCE, SCS, SCP) in response to the restoration activities and the return
of tidal wetland features and functions (natural connection between the sites and the St. Croix
River; fish access to the marsh surface and pannes/ponds; improved productivity and transport of
materials) and the re-establishment of a self-sustaining system over time.

In order to document the restoration trajectory and determine project success (restored marsh
exhibits similar physical, chemical and biological characteristics as the reference site), a suite of
ecological indicators representative of the structure, function and composition of natural salt
marshes were monitored. The suite of indicators were drawn primarily from a tidal wetland
restoration monitoring protocol for the assessment of tidal restoration on salt marshes in the Gulf
of Maine and Bay of Fundy, and included hydrology, soils and sediments, vegetation, fish, and
invertebrates (Neckles and Dionne 2000; Neckles et al. 2002; Weldon et al. 2005). The changes
in physical, chemical and biological indicators over time (following construction) are being
tracked against the conditions exhibited by the site prior to construction and those of an intact
reference site in order to determine restoration success.

1.4 Report Organization

The focus of this report was to describe the fourth year (2013) of post-restoration monitoring
activities and to continue the process of comparing the post-restoration habitat conditions to the
conditions that were present prior to dyke breaching and to those exhibited by the reference site.
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Information on the study and reference sites is provided in Chapter 2. An overview of the
monitoring program and the parameter specific sampling techniques are given for each indicator
category in Chapter 3. The results of the fourth year of post-restoration data collection and
analysis, along with a discussion of these results are presented in Chapter 4. Chapter 5 is a
summary and integration of the results and the implications of these findings for project
progression. Chapter 6 contains recommendations for the fifth year of post-restoration
monitoring. Appendices in the 2013 report provide: (A) CBWES supported student research
project descriptions; (B) NMDS Ordination diagrams, (C) Vegetation Analysis Species
Composition Tables; and (D) Photographic documentation of 2013/14 winter conditions.
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2.0 Description of Restoration and Reference Sites

2.1 St. Croix River

Much of what was once tidal wetland habitat along the St. Croix River (West Hants County;
Figure 1) has been historically dyked and converted to agricultural uses. Many of the dykes, and
the former wetland habitats behind them, have been in agricultural production for over 200 years.
In recent years, due to economic pressures and changing agricultural and land-use practices, a
number of these dykeland areas along the river have been left fallow, significantly underutilized,
or have become economically unviable. Four such fallow dykeland sites border the Highway 101
where it crosses the St. Croix River (Figure 1). As part of the Highway 101 expansion project, an
additional two lanes of 100-Series Highway (arterial highway) and an overpass spanning the St.
Croix River channel were constructed.
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Figure 1 Location of the St. Croix Study and Reference Sites (within black circles).

2.2 Restoration Sites (SCW, SCE, SCS, SCP)

The restoration site consists of four separate areas divided by the Highway 101 and the St. Croix
River: St. Croix West (SCW); St. Croix East (SCE); St. Croix South (SCS); and Southeast Parcel
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(SCP) (Figure 2). SCW is the largest of the four sites at approximately 10.03 ha’ (100,300 m?)
and was mainly pastureland (cattle) dominated by a variety of grasses, Rosa virginiana, and
Juncus effusus (wet areas) prior to restoration. SCW contains a network of agricultural drainage
ditches leading to one main aboiteau (Figure 2 to Figure 5). Two areas of higher elevation
(islands) are present within the site, which have a mixture of pasture grasses, shrubs and trees.
Cattle had access to the site up to the time of construction in 2009. There was evidence of their
presence immediately post-construction, but this has been resolved and the cattle have since been
restricted from the site. Notable changes post-restoration at SCW included colonization by
Alopecurus sp., Typha angustifolia, Spartina alterniflora, S. pectinata, Atriplex sp., Elymus
repens (not native but common in the upper edges of salt marshes), Polygonum hydropiper, and
Scirpus validus. Carex paleacea, a high-marsh/brackish species was observed for the first time
three years post-restoration. A wide range of bird species have been observed on the site since
restoration including Great Blue Heron (Ardea herodias), Canada Geese (Branta canadensis),
and Northern Harrier (formally Marsh Hawk; Circus cyaneus). In 2011 red-winged blackbirds
(Agelaius phoeniceus) were sighted at SCW (August) for the first time. As well as birds, several
other notable species have been observed on site, including a dead harbour porpoise (Phocoena
phocoena; 8 October 2009) on the marsh surface in the middle of site, a live snapping turtle
(Chelydra serpentina) in one of the created channels (22 June 2010) and the remains of a
Sturgeon species (Acipenseridae sp.) near the aboiteau channel in 2013.

SCE is 1.46 ha (14,600 m?), and had been seasonally mowed by NSDA as part of the dykeland
maintenance program prior to restoration (Figure 3b and Figure 5b). Post-restoration, this site
has been colonized by a few freshwater wetland species such as Polygonum hydropiper, P.
persicaria, Rorippa palustris and Scirpus acutus, and there has been a loss or decline of some
pasture weeds such as Filipendula ulmaria and Taraxacum officinale.

SCS, the smallest of the three sites, is located on the southern side of the Highway and is a 0.75
ha (7,500 m?) catchment area for runoff water from the ditch which borders the southwest side of
the Highway (Figure 3a and Figure 5d). This site had some areas dominated by brackish species
(Agrostis stolonifera, Spartina pectinata) and others a mix of pasture weeds or freshwater
wetland vegetation.

SCP was comprised of a section of fallow agricultural dykeland bordering the main river
channel, a treed area along the south-eastern edge of the site, three freshwater ponds and a cattail
(Typha latifolia) swamp (Figure 3d,e and Figure 5¢). This 5.89 ha (58,900 m®) site, a former
field and gravel pit (cattail and pond area), has experienced large increases of the vegetation
species Alopecurus pratensis, A. geniculatus and Spartina pectinata. Notable decreases in the
number of plots containing Solidago sp. were also seen (2011), suggesting a change from a more
terrestrial environment to a brackish wetland environment.

Restoration Overview
Restoration (earthworks) took place in three phases between May — August 2009. A total of
eleven breaches were made in the dykes during the second and third phases of construction. All
breaches and channels were excavated to the dimensions indicated in the original restoration
design (Graham et al. 2008). Channels were constructed with an approximately 2 m wide

The areas for all sites were re-calculated with the data collected during the 2012 field season, including aerial
photography.
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bottom, a zero degree slope for 80% of the distance from the river edge grading up to meet the
marsh surface over the remaining 20%. Channel sides had a 3:1 slope (Bowron et al. 2009).

The first phase, involved the excavation of two ponds on SCW. Ponds were constructed to a
depth of approximately 0.5 m and with an irregular shape. The second phase involved two
breaches in the dyke surrounding SCP and a channel in the location of the aboiteau, which was
removed, as well as a single breach made in the SCS dyke. The third phase involved six breaches
in the dyke on SCW and two breaches at SCE; excavation of multiple tidal channels; burying
two aboiteaux (on the recommendation of NSDA) and constructing a new protective dyke along
the eastern end of SCE in order to protect Rocks Road and Highway 101 infrastructure.

St Croix River Restoration

= o sCwW
410,03 ha

Figure 2 The four St. Croix River restoration project sites (SCW, SCE, SCS, and SCP). 2012
mosaic created with Gaiamatics Solutions Inc. aerial imagery.
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Figure 3 St. Croix Restoration sites: A) SCS; B) SCE; C) SCW; D) SCP front portion; and E)
SCP back portion taken from eastern corner. Photographs taken by CBWES Inc., August 2012.

CBWES Inc. Page 8




Post-Restoration Monitoring (Year 4) of the St. Croix River High Salt Marsh &
Tidal Wetland Project

b AN ® i O : f\ | | \ e \ - ) =
Figure 4 Sediment deposition and vegetation infilling of SCW constructed pond (south) a)
immediate post-construction (July 2009); b) one year post (July 2010); c) two years post (August
2011); d) three years post (July 2012); and e/f) four years post (July 2013). Photographs taken by

CBWES Inc.
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Figure 5 Spring tide event flooding the mars surface at A) , ) SCE; ©) S; D) SCS.
Photographs were taken on 26 October 2011 at approximately peak high tide. Predicted tide
elevation at Hantsport, NS was 14.75 m (Chart Datum). Photographs taken by CBWES Inc.

2.3 Reference Site (SCR)

A section of marsh along the north branch of the St. Croix (Herbert River) was identified as a
suitable reference site for this project (Figure 6 and Figure 7). This site exhibited similar
hydrological and sedimentological conditions as those present at the restoration sites. This
reference site is one of the few remaining undyked sections along the tidal component of the St.
Croix River system that was also readily accessible for study. The portion of the marsh that was
used as the project reference site was 0.46 ha (4590.55 m?). In addition, the fringe marsh areas
between the dykes and the main river channel at the restoration site (St. Croix River and
Thumbhill Creek) were also used as reference for elevation, soils and vegetation. The reference
site is characterized by a mixture of pasture weeds (Centaurea nigrum, Cirsium arvense,
Filipendula ulmaria, Equisetum and Solidago sp.) in some areas with a mixture of species
characterized by brackish marsh species (Calystegia sepia, Spartina pectinata, Galium palustre,
Agrostis stolonifera) in others.
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Figure 7 SCR facing upstream near Line 2, 15 August 2012. Photograph taken by N. Neatt.
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3.0 Monitoring Program and Methods

3.1 Monitoring Program

A baseline and long-term monitoring program was developed for the St. Croix Restoration
Project in 2007 to determine the baseline habitat conditions and to document the transition of the
restoration sites (SCW4, SCE, SCS, SCP) from non-tidal dykelands (agricultural pasture) to tidal
wetland habitats following dyke removal (2009). The monitoring program for this project was
based on the experience with similar restoration projects in the region (Bowron et al. 2011a;
Neatt et al. 2013; Neckles et al. 2002; van Proosdij et al. 2010). The program was used in 2007
to document conditions at SCW, SCE and SCS and in 2008 at SCP to establish a baseline habitat
condition against which future conditions could be compared, and to enable a comparison
between reference site and restoration site conditions (Bowron et al. 2008; Bowron et al. 2009).
Post-restoration monitoring activities commenced in the summer of 2010.

Annual monitoring during the first three years following restoration is critical because it is
during these initial years following restoration that the greatest and most rapid changes are likely
to occur. Monitoring of other tidal wetland restoration projects in the region have shown that
although physical change can occur quite quickly and that the biological communities can be
highly responsive, it can take many years, and be highly varied between sites, for conditions at
restoration sites to approach those of reference sites (van Proosdij et al. 2010; Neatt et al. 2013).
Monitoring beyond the first three years following restoration allows a greater period of time for
change to occur, for the documentation of the longer term, often more gradual, changes in
response to restoration and for conditions (e.g. soil salinity, vegetation species composition) to
begin to show indications of parity with reference conditions (Able et al. 2008; Burden et al.
2013; Garbutt and Wolters 2008; Mitsch et al. 2012; Perry et al. 2001).

The monitoring program makes use of a suite of salt marsh indicators and data collection
methods that have been tailored to this project, and which seek to characterize a broader range of
tidal wetland ecosystem components. These indicators (geospatial attributes, hydrology, soils
and sediments, vegetation, fish and invertebrates) are measures of wetland structure and
function, and when applied pre- and post-restoration, collectively provide information on
ecosystem status and response to restoration. The physical and biological parameters within each
of these indicator categories and sampling schedule recommended for this project are identified
in Table 1.

An adaptive management approach was integrated into the monitoring framework. For instance,
if an indicator(s) appears to be developing as expected, the frequency at which the indicator is
monitored can be decreased. Alternatively, if an indicator(s) is not progressing as expected,
additional studies may need to be undertaken and/or the sampling frequency altered to better
understand and quantify change in the indicator(s). In this way, the monitoring program will
contribute to the overall management of the restoration site by identifying when the project is, or
is not, reaching the expected outcome.

*A greater emphasis will be placed on monitoring SCW and SCP as these sites are the largest of the four restoration
sites, required the most manipulation, and which were anticipated to exhibit complex wetland habitat conditions.
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Table 1 The St. Croix River Restoration monitoring program, including core and additional ecological indicators, methodologies, and
sampling frequency (annual application indicated by X — all sites; S — restoration sites only; R — reference site only; Y — scheduled
future sampling).

Monitoring Year
Annual Pre Post-Restoration
Category Parameters Sampling Method Sampling Frequency (2010-2014)
2007/08 | 2009 |1(2(3|4]| 5
Tidal signal Automated water level recorders (5 13/10/07 - 19/11/07; 02/12/10 —
minute intervals) (Solinst 21/12/10; 24/09/12 - 7/11/12 X S X X Y
Levelogger (Model 3001)
Hydrology Surface water quality | YSI 650 MDS; YSI 556 MPS; pH | 25/10/10; 31/08/11, 26/10/11;
(flood waters) Handheld DO Instruments 17/09/12, 15/10/12; 20/09/13,7/10/13 S S S|IS|[S|S| Y
Suspended Sediment Teledyne ISCO 6712 Full Size 12/6/09 to 9/7/09 S
Concentration Portable Sampler (SSC) 12/8/09 to 25/9/09
Marsh surface Digital Elevation Model (DEM). Once per required sampling year.
elevation Total Station; Differential GPS; SCW -22/07/11 X XX | X Y
LiDAR
Interstitial pore water Sipper; Refractometer; FieldScout SCW: 09/07 SCP: 11/09/08
salinity EC 110 Meter SCR: 19/09/07; 11/09/08
Soils & All: 07/10 to 09/10; 06/11 to 09/11; X XX x|x v
. 06/12 to 09/12; 07/13 to 09/13
Sediments Sediment elevation Rod Surface Elevation Tables SCW: 6/08/09; 22/10/10; 18/11/11;
(RSET) 05/10/12; 25/10/13
SCP: 21/11/10; 24/10/11; 01/10/12; Installed SCW,
23/10/13 (11/08) SCR XXX xp v
SCR: 6/08/09; 21/11/10; 24/10/11;
01/10/12; 23/10/13
Sediment accretion Marker horizons (3 per RSET) SCW: 6/08/09; 22/10/10; 18/11/11;
sampled using a cryogenic corer 05/10/12; 25/10/13 X X X|X|X]| Y
(Cahoon et al. 1996). SCP: 21/11/10; 24/10/11; 01/10/12;
23/10/13
SCR: 6/08/09; 21/11/10; 24/10/11;
01/10/12; 23/10/13
Sediment Sediment cores (soil samples) SCW: 21/11/07; SCE: 21/11/07; SCP:
Characteristics (bulk Paired samples: (30 ml syringe with | 30/10/08; SCR: 19/11/07 X X X Y
density, organic matter | base cut and 5 cm x 15 cm core). All: 08/10; 08/12
content, sediment type) | SCW-16; SCE-5; SCP-8; SCR-8
Soil Chemistry (Redox | Thermo Scientific Orion Star A221 | 12/09/14, 16/09/14 S Y
Potential) milivolt meter with platinum
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Post-Restoration Monitoring (Year 4) of the St. Croix River High Salt Marsh & Tidal Wetland Project

2014

Monitoring Year

Annual Pre Post-Restoration
Category Parameters Sampling Method Sampling Frequency (2010-2014)
2007/08 | 2009 |1/2/3(4| 5
electrodes & accument calomel
reference electrode
Composition Point Intercept Method (1 m> plots) | SCW: 13 & 17/09/07; 08/10; 29/07/11,
. Abundance 4/08/11; 17/07/12; 12 & 28/08/13, X|X|X|X| Y
Vegetation Height 26/09/13
SCE: 14/09/07; 08/10; 28/07/11;
18/07/12; 7 & 12/07/13
SCS: 17/09/07; 08/10; 5/08/11;
13/09/12; 16/09/13
SCP: 11, 15 & 24/09/08; 08/10; 4 &
5/08/11; 14 & 15/08/12 & 13/09/12, 6
& 9/09/13
SCR: 18/09/07; 5/09/08; 08/10;
10/08/11; 15/08/12; 17/09/13
Habitat map Aerial photograph, DGPS/GIS, 8/06/11, 1/09/11; 27/10/12
Total Station, LIDAR, Low-altitude X X Y
aerial photography (blimp)
Composition Minnow traps in pannes/ponds, 25/10/10; 31/08/11, 26/10/11;
Nekton Species richness tidal channels (small fish); fyke net 17/09/12, 15/10/12; 20/09/13,7/10/13 S S|S Y
Density (30 m x 1 m; 6 mm mesh) on marsh
Length surface (all sizes)
Benthic and Abundance/species Ekman Dredge (SCW/SCR) 22/10/07; 24/09/08; 28/09/10;
Other richness of intertidal 16/09/11; 23/08/12; 12&16/09/13 XIX|X|X| Y
A ti benthic invertebrates
quatic Abundance/species Invertebrate Activity Traps (IAT: | 20/07/10, 02/09/10; 21/07/11,
Invertebrates | \chness of aquatic SCW/SCP) 18/09/11; 25/07/12, 14/08/12, S|S|s|S| Y
invertebrates 17/07/13, 22/08/13
Winter Ice/snow conditions Structured winter walk; Once per year — 31/02/-8; 06/02/09;
s photographs along each transect 10/03/10, 15/03/11, 25/03/11; S XX X|X| Y
Conditions 24/02/12; 06/03/13; 21/02/14
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3.2 Methods

Sampling was conducted at both the restoration and reference sites using transects (Lines)
established in a non-biased, systematic sampling design (Figure 8). At each site, a permanent
benchmark was installed and used to establish the first Line. Each sequential Line was then set
using the location of the one previous. The Lines were permanently marked by a pair of wooden
stakes (labeled as front stake and back stake) installed at the upland end of the Line. These Lines
served to locate the sampling stations for each of the ecological variables monitored: SCW 35
Stations; SCS 10 Stations; SCE 14 Stations; and SCP 35 Stations. The set-up of SCW, SCE and
SCS are further described in Bowron et al. (2008) and SCP in Bowron et al. (2009).

At SCR a drainage channel bisects the data collection area. The permanent benchmark used for
site set up was installed adjacent to the drainage channel and then a Line was established 20m to
the east and one to the west of the benchmark. An additional two Lines were set up on either side
of the first two. This set up established four Lines and 19 sampling stations at SCR (Figure 9).

On all four restoration sites, sampling stations were set up on the dyke, fringe marsh and river
edge. These additional stations were established to increase the number of reference stations
available for comparison to conditions inside the dyke overtime. These stations would also
capture any changes in habitat conditions at the location of dyke removal (restoration activities),
if the additional station landed in this area.
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St Croix River Restoration Layout
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Figure 8 Sampling locations at the St. Croix restoration sites.
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St Croix River Restoration Reference Site Layout
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Figure 9 Sampling locations at St. Croix reference site.
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3.2.1 Geospatial Attributes

Digital Elevation Model (DEM) and Habitat Map
Habitat maps were developed as part of the baseline monitoring program, to be updated during
Year 1, 3, and 5 post-restoration and/or as new data was collected. Habitat maps provide a
foundation for the monitoring activities and a baseline against which changes in habitat
conditions post-construction can be compared.

The baseline habitat maps for the SC restoration and reference sites were developed/updated
using LIDAR’ data that was flown in April 2007, processed by the Applied Geomatics Research
Group (Centre of Geographic Sciences), and provided to CBWES by SMU, NSTIR and NSDA
(Bowron et al. 2008). The estimate of restorable area was determined using the original DEM for
each site. In 2010 and again in 2012, the SC DEM and habitat maps were updated using
surveyed elevation points (Trimble G8 GNSS RTK), contour data extracted from the LiDAR
surface and aerial photography. The habitat maps and the SC DEM will be further updated in
Year 5 (2014) with data collected during that monitoring season.

3.2.2 Hydrology
Hydroperiod and Tidal Signal

The hydroperiod (frequency and duration of tidal flooding) of the restoration site following
restoration was modeled using the tidal signal (pattern of water level change with respect to a
reference point) and marsh surface elevation (DEM). The tidal signal was measured in 2007
(pre-restoration), 2009 (for construction activities), 2010 (Year 1 post-restoration) and 2012
(Year 3 post-restoration) using a pair of Solinst Levelogger Gold (Model 3001°). The tidal signal
will be measured again in Year 5 (2014) of the monitoring program.

Water Quality

A YSI 650 MDS Handheld Dissolved Oxygen Instrument’ was used to measure four physical
components of water: temperature (+0.1 C°), dissolved oxygen (DO) (+ 0.1 mg/L), salinity (*
0.1 ppt) and pH. A minimum of two samples were taken per sampling event within 30 minutes of
peak tide (spring tide). Sampling was matched in time with fyke net sampling (nekton survey):
20 September and 7 October 2013. Two measurements were taken within the main river channel
(shallow and deep) and a series of measurements were taken at SCW (near the aboiteau channel)
from the water’s edge bordering the toe of the Highway.

3.2.3 Soils and Sediments

Monitoring pore water salinity, sediment accretion rates, sediment elevation and soil
characteristics can provide insight into the processes controlling vegetation type, cover,
productivity and the vertical growth of a marsh following restoration (Neckles and Dionne
2000).

’LiDAR (Light Detection and Ranging) ‘employs an airborne scanning laser rangefinder to produce detailed and
accurate topographic surveys’ and provides superior accuracy to traditional survey methods in this context (USGS,
2007).

¢ www.solinst.com/Prod/3001/3001d2.html

7 www.ysi.com
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Pore Water Salinity
Interstitial pore water salinity is one of the main controls on the distribution and abundance of
plants in a marsh (Niering and Warren 1980; Crain et al. 2004). Monitoring pore water salinity
throughout the growing season can help explain changes in environmental conditions regulating
plant growth, distribution, and abundance as well as overall habitat responses to restoration
activities.

During the 2007 to 2010 monitoring seasons, shallow and deep pore water samples were taken
using a soil probe (sipper; Roman et al. 2001) and a handheld temperature compensated optical
refractometer (nearest 2 ppt). Since 2011, a FieldScout EC 110 Meter was used to collect data on
pore water salinity (shallow and deep readings), as this meter allowed measurements to be taken
in situ, and readings recorded in the field. Data was collected using both methods for at least one
sampling event during the 2011 monitoring season.

Pore water salinity sampling was conducted monthly July to September at SCW (8 locations),
SCP (7 locations) and SCR (6 locations), with an additional round of sampling in August due to
a later start to the monitoring season. Sampling locations were matched with a select number of
vegetation and sediment sampling stations (Figure 8 and Figure 9). Sampling was conducted at
low tide during the neap tide cycle.

For SCW, SCP and SCR, descriptive statistics (mean, range, and standard error) were calculated
for shallow and deep samples. These values were used to create histograms to illustrate temporal
patterns. For tests comparing the study and reference sites (shallow and deep) a two-sample test
was run, assuming unequal variances. All t-tests were run at a 95% Confidence Interval (p<0.05)
in Microsoft Excel software.

Sediment Accretion and Elevation

Accretion of inorganic and organic material deposited onto the marsh surface by floodwaters and
vegetation is one of the main processes that allow marshes to build vertically over time,
offsetting increased tidal flooding. Failure to keep pace with increased flooding could result in
the loss of salt marsh features and functions important to fish (loss of productivity and extent of
habitat). Monitoring sediment accretion rates, elevation and determining organic content of
marsh soils prior to engaging in restoration activities can reveal insights regarding pre-restoration
conditions of the marsh (subsidence due to oxidation of organic matter in sediments) and the
process of recovery following restoration.

Marsh surface elevation change (+/-1 mm) will be measured once per year using four rod surface
elevation tables (RSET; Cahoon et al. 2002) at SCW, two at SCP (Figure 12) and two at SCR
(Figure 9). The RSETs were installed and measured according to the methods developed by
Cahoon and Lynch (Cahoon et al. 2002; USGS 2005). The 2009 RSET measurements provided a
baseline elevation against which annual changes over the next five years will be compared. To
determine the change in surface elevation between sampling years (e.g., 2013 and 2010), the
difference in elevation at each pin was first calculated by subtracting the value in 2013 from the
value in 2010. It was important that the same point was measured (e.g., same measurement
direction and pin position). A mean was derived from all 36 net change values to give a mean net
change in surface elevation in cm per year or in this example, from 2010 to 2013.
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Vertical accretion at all sites was measured using feldspar marker horizons and a cryogenic corer
as described by Cahoon et al. (1996). Three 0.5 m’ marker horizons per RSET station were
established at each site. Vertical accretion at each marker will be measured annually in
conjunction with RSET sampling.

Changes in surface elevation measured by the RSET incorporate both subsurface processes such
as root production and sediment deposition whereas sediment accretion measured by the marker
horizon cores represents the amount of inorganic and organic material deposited by tidal waters
on the marsh surface. Subtraction of the RSET and marker horizon values should provide a
measure of the amount of change in surface elevation due to shallow subsidence processes such
as root growth, compaction, decomposition and pore water flux (Cahoon et al. 2002). Both
surface (e.g., accretion) and subsurface processes will be highly influenced by the elevation of
the marsh surface within the tidal frame which affects the frequency and duration of inundation
by tidal waters. Sediment accretion will also be affected by other factors such as the proximity to
sediment source, for example, the tidal creek network (van Proosdij et al. 2006).

The RSETs and marker horizons were installed at SCW (four) and SCR (two) in 2007 and SCP
(two) in 2008 (Bowron et al. 2008; Bowron et al. 2009). RSET measurements were taken at the
time of installation and again in August of 2009 prior to dyke breaching due to the presence of
cattle on SCW and the time between RSET installation and restoration. The RSETs and marker
horizons were sampled at SCP and SCR on 23 October 2013 and at SCW on 25 October 2013.

Table 2 Coordinates and elevations of the RSET stations installed at the St. Croix Restoration
sites. Elevations are in meters relative to the CGVD28 vertical datum.

Site Station Easting Northing Elevation
RSET-01 418749.814 4979986.161 6.84
SCW RSET-02 418607.152 4980128.823 6.61
RSET-03 418726.680 4980235.820 6.94
RSET-04 418623.539 4980298.475 6.97
sCp RSET-01 418751.519 4979758.864 7.06
RSET-02 418628.242 4979739.760 7.28
Analysis

Dr. Danika van Proosdij (SMU) conducted the RSET and marker horizon analysis presented in
Section 4.3.
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Figure 10 Position of RSET stations at SCW and SCP.

Sediment Characteristics

Marsh soil characteristics are determined by the sediment source and tidal current patterns
(Mitsch and Gosselink 2007). Sediment type and particle size greatly influences soil aeration and
drainage (Packham and Willis 1997). Silt, clay and sand are the different soil textures typical of
salt marshes. Silt and clay materials tend to retain more salt than sand, and clay is the most
absorptive (Mitsch and Gosselink 2007). Clay and silt are expected to dominate high marsh soils,
while the low marsh is expected to have a higher proportion of sand (Packham and Willis 1997),
however, this will vary depending on the source material.
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Pre-restoration (2007/08), soil samples (cores) were collected at twenty-one locations within the
restoration site (SCW: 16, SCE: 5, SCP: 8) and eight locations at SCR. Sampling locations were
paired with vegetation sampling plots and analyzed for bulk density, organic content, soil texture
(grain size & type as a percentage) and water content at the lab facilities at In_CoaST. The
locations noted above were sampled in August 2010, August 2012 and will be sampled again
during the fifth year (2014) of the monitoring program.

Soil Chemistry (Redox Potential)

Restoration of tidal water to a previously tide restricted site has been shown to drastically alter
the biogeochemistry of marsh sediments, ultimately affecting vegetation re-colonization
(Anisfeld 2012). The site conditions prior to restoration will govern the soil chemistry and long-
term success of the restoration project. Reddy and DeLaune (2008) define biogeochemistry as
“the study of the exchange or flux of materials between living and nonliving components of the
biosphere”. The processes that occur within wetlands at the surface or near-surface layers of
sediments govern the biogeochemical cycles, productivity of plants, microbial transformations,
nutrient availability, pollutant removal, exchange between atmosphere, water and sediment, and
sediment transport (Reddy and DeLaune 2008).

Oxidation and reduction reactions represent a transfer of electrons either through donating or
accepting an electron respectively. For microbial communities the most preferred electron
acceptor is oxygen (Craft 2001; Reddy and DeLaune 2008; Portnoy 1999); however, oxygen
found within the soil is rapidly consumed leading to a high electron pressure or reduced state
(Colmer and Flowers 2008; Koch and Mendelsshn 1989). Alternative electron acceptors include
(in order of decreased energy provided): nitrate (NOj3'), manganese (IV) oxides (MnQ,), iron
(IlI) oxides (Fe(OH)s), sulfate (SO4>), and carbon dioxide (CO,) (Craft 2001; Reddy and
DeLaune 2008). The reduction of these alternative electron acceptors not only reduces the
amount of energy accessible to the microbial community, but many produce phytotoxins (e.g.
hydrogen sulfide) that are detrimental to vegetation growth (Koch and Mendelsshn 1989).

Redox potential can be used as an indicator for the intensity of anaerobic conditions within the
sediments (de la Cruz et al. 1989; Reddy and DeLaune 2008) and represents the dominant
oxidation reduction reaction occurring at the time of the measurement (Reddy and DelLaune
2008; Table 3). Measuring redox potential of soils at representative locations throughout a
restoration site reflect the interaction between hydrology, microbial activity, rhizome activity,
sediment characteristics and amount of available organic matter and nutrients (Catallo 1999;
Reddy and DeLaune 2008).

Table 3 Electron acceptors used by microbial communities and associated range of redox
potential (Reddy and DeLaune, 2008).

Electron Acceptor Reduced To | Redox Potential (imV)
Oxygen (O,) H,O > +300
Nitrate (NO3") N», NH4 +300 to +100
Manganese (Mn"*") Mn** +300 to +100
Iron (Fe’*) Fe®* +100 to -100
Sulfate (SO4>) s> -100 to -200
Carbon dioxide (CO,) | CH4 -200 to -300
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Field Methods

Redox potential was measured at both sites on 12 and 16 September 2014 using a series of
platinum electrodes, an accument calomel reference electrode and Thermo Scientific Orion Star
A221 Millivolt Meter® (Figure 11). Platinum electrodes (probes) were constructed based on the
design by Vepraskas and Cox (2002). Probes were calibrated in a mixture of quinhydrone and
pH 4.00 buffer before use in the field to ensure accurate readings. Sampling locations (SCW 8;
SCP 5; SCE 3; SCR 6) were matched with sediment sample locations (Figure 8 and Figure 9). A
shallow and a deep measurement were taken at each sampling location using two probes inserted
into the marsh sediment 2 cm and 30 cm respectively. At SCR soil compaction at some sampling
locations hindered probe insertion to 30 cm; therefore, the probes were inserted to 20 cm. Probes
were deployed 30 minutes before readings were taken to allow the probes to equilibrate. The
reference electrode was inserted into the soil close to the probes at the time of measurement.
Measurements from the two probes were taken by individually connecting the probe to the Meter
and waiting for the Meter to stabilize (max five minutes). Redox potential was determined by
adding +244 mV to each field measurement to account for the potential of the reference
electrode.

Figure 11 Constructed platinum electrodes (probes: top), accumet calomel reference electrode
(bottom) and Thermo Scientific Orion Star A221 Millivolt Meter. Photograph taken by C.
Skinner 2013.

3.2.4 Vegetation

The primary food source in estuaries originates in the vegetation of salt marshes. The majority of
this plant material is consumed indirectly as detritus (dead plant material) by decomposers and
invertebrate consumers. It is through the production and export of detritus that salt marshes help
to sustain commercial and non-commercial fish species by forming the base of coastal food
webs. Salt marshes are characterized by their plant communities, with specific plants dominating
the different salt marsh zones (high marsh, mid marsh, low marsh). It is the plants of a salt

$www.coleparmer.com/buy/product/96392-thermo-scientific-orion-star-a22 1 -ph-portable-meter-kit.html
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marsh, along with the physical conditions (hydrology, geology and chemical) that create the
template for a self-sustaining coastal wetland system and which enable the biological
components of the broader ecosystem (invertebrates, fish, birds and animals) to benefit from
these habitats.

Field Methods

The vegetation survey was completed at SCW (35 plots), SCS (10 plots), SCE (14 plots), SCP
(35 plots) and SCR (19 plots) during the months of August and September 2013. Sampling plot
numbers include those inside the dyke, on the dyke and along the fringe of the site. The fringe
marsh plots were used as additional reference samples.

Vegetation sampling was conducted using a modified version of the point intercept method
(Roman et al. 2001; Roman et al. 2002). At each sample plot a 1 m? quadrat was offset 1 m to the
left of the Line (facing the river) and oriented towards the upland. The quadrat was divided into a
grid of 25 squares (20 cm x 20 cm) and the top left-hand corner of each grid square was used as
the intercept or sampling points. Lists of all plant species present in the sample quadrat were
produced and representatives of each species encountered during the survey were collected for
identification confirmation. A wooden dowel (3 mm in diameter) was then held vertical to the
first sampling point and lowered through the vegetation to the ground below. All species that
touched the rod were recorded as a hit for that point and the process was repeated for all 25
points. Categories other than plants (water, bare ground, rock or debris) were also recorded if hit
by the dowel. Photographs of the marsh along each transect were taken from the permanent
markers at the upland end, as well as a close-up of the quadrat at each plot.

Statistical Analysis

Species richness, halophyte richness and abundance and unvegetated area were compared
between 2007/2008 (pre-restoration) and all years post-restoration using repeated measures
ANOVA. Non-metric multidimensional scaling was performed to show overall similarities
between vegetation composition between plots. Only two dimensions were required to
adequately represent the differences in vegetation (stress = 0.16). Ordination diagrams are
presented in Appendix B. Each graph depicts the plot ordination for a single site over the five
years, compared with the reference site (reference site data from 2013 only shown for clarity).

The vegetation data was analyzed by Dr. Jeremy Lundholm (SMU) and is presented in Section
4.4.

3.2.5 Nekton

Tidal wetlands support a wide range and abundance of organisms that swim collectively referred
to as nekton, which include fish and many types of invertebrates. Fish and macrocrustaceans are
an important ecological link between the primary producers of the marsh (plants) and near shore
fisheries (Neckles and Dionne 2000). Their position in the upper levels of the coastal food webs
and their dependence on a wide range of food and habitat resources serve to integrate ecosystem
elements, processes and productivity (Kwak and Zedler 1997).

Fish surveys were conducted on 20 September and 7 October 2013 at SCW, using a combination
of minnow traps and fyke net (Figure 12). Sampling of ponds and tidal creeks was conducted
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using a set of four minnow traps, baited with bread. The traps were anchored to the marsh
surface and set by tossing the trap into the middle of the pond or creek. The minnow traps were
left to fish only during the high tide (approximately three hours). SCW was chosen as the site to
conduct the fish surveys as it had constructed ponds and a greater water depth on a greater
number of tides than the other restoration sites.

The fyke net construction and [modified] methodology followed those used by Dionne et al.
(1999). The fyke net was set at low tide with the wings at approximate 45 degree angles and
retrieved when the water drained low enough to approach the net, ensuring that the cod end of
the net was still under water. All captured fish were held in buckets, identified to species using
identification guides (Audubon Society 1993; Graff and Middleton 2002; Scott and Scott 1988),
counted (to a maximum of 300 per species), and measured for length (15 individuals per
species).
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Figure 12 Location of fyke net and minnow traps during fish surveys at SCW.
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3.2.6 Benthic and Other Aquatic Invertebrates

Benthic invertebrates, in association with benthic microbial communities, are largely responsible
for providing the food resources that help fuel coastal and offshore marine ecosystems. In
addition to directly being fish food, these organisms perform the important task of converting the
rich productivity of salt marsh vegetation into a form (detritus) that is more palatable to other
species such as fish. Benthic marine invertebrates and various freshwater and saltwater
invertebrates such as insect larvae are well-known indicators of changes in hydrology, chemical
characteristics and productivity (see the Canadian Aquatic Biomonitoring Network (CABIN)
program website for more information on the use of aquatic invertebrates to monitor the health
of aquatic ecosystems - www.ec.gc.ca/rcba-cabin/).

Benthic Invertebrates

Field Methods

Benthic invertebrate samples were taken at two locations on 12 September 2013 at SCW and
SCR, as well as a single sample within the main river channel downstream of both areas near the
bridge crossing (Trunk 14) at Sweet’s Corner (Figure 1). The benthic samples were 0.023 m?
taken by a standard 6” x 6” Ekman Dredge. Sampling locations at SCW were along the
edge/bank of the main river channel and were taken at low tide. The bulk benthic sediment
samples were obtained by deploying the Ekman Dredge within the river channel along the
associated Transect, at a depth less than 0.5 m. An additional three sediment cores (5 cm x 15
cm) were taken within the main drainage ditch at SCW on 16 September 2013 in order to sample
invertebrates within the study site. The SCR bulk samples and the Sweet’s Corner sample were
taken in the same manner as those at SCW (Herbert River; Figure 1). Each sample was
individually bagged, labeled and placed in a cooler containing ice for transport to the laboratory
facilities at Envirosphere Consultants Ltd. in Windsor, NS where the samples were sorted and
analyzed for species composition and abundance.

Aquatic Invertebrates

Sampling of other aquatic invertebrates within the water column of the pannes occurred at SCW
and SCP. Two samples were taken at each site on 25 July and 14 August 2012 using Invertebrate
Activity Traps (IAT; passive sampling). The IAT were left to sample a 24 hour period during a
neap tide cycle. These traps were constructed from 2 L clear plastic bottles; the top portion was
cut off, inverted and taped in place with duct-tape (Figure 13). The IAT were placed in four
pannes (two at SCW and two at SCP), submerged and anchored to ensure the trap remained
within the panne. The samples were emptied into a 0.5 mm sieve and the remaining materials
and organisms were field preserved in 70% isopropyl alcohol. Envirosphere Consultants Ltd.
then performed the species identification.
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Figure 13 Disassembled Invertebrate Activity Trap (IAT). Photograph by T. Bowron 2007.
3.2.7 Structured Winter Site Walk

A structured winter site-walk was conducted on the reference and four restoration sites of SC on
21 February 2014. Landscape photographs were taken along each transect from the upland end
(back stake). At each of the restoration quadrants the structured walk included the perimeter of
the site (dyke and upland edge), with photographs being taken of key features such as breaches,
excavated channels, ponds, ice, areas of erosion or deposition, and creek networks.
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4.0 Results of the 2013 Monitoring Program

4.1 Geospatial Attributes
Digital Elevation Model (DEM) and Habitat Maps

The DEM for the SC restoration sites and SCR were updated in 2012 and are shown in Figure 14
and Figure 15. The additional data collected and processed in 2012 resulted in the delineation of
the SC restoration sites to a total area of approximately 18.13 ha (Figure 49; Section 5 Summary),
whereas in 2010 the total area was estimated to be 19.29 ha. Low-altitude aerial imagery was
obtained for the SCP, SCE and SCS study sites in 2012, which enabled a refinement of the area
estimates for these sites.

The habitat maps for the SC restoration sites were created using aerial photography taken in
October 2012 (Figure 16 to Figure 19). These maps show the morphological features, creek
networks and vegetation communities.
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St Croix River Restoration Digital Elevation Model 2012
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Figure 14 DEM of SC Restoration sites.
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St Croix River Reference Site Digital Elevation Model 2012
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Figure 15 DEM of SC Reference site.
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St. Croix West Restoration
Habitat map 2012
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Figure 16 Habitat map of SCW showing vegetation communities and morphological features.
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St. Croix East Restoration
Habitat map 2012
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Figure 17 Habitat map of SCE showing vegetation communities and other features.
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St. Croix Restoration : (SCE & SCP)
Habitat map 2012

418550 418600 418650 418700 418750 418800

4979880

4979760 4979800 4979840

4979720

o
©
©
-
N~
=)
<~

Vegetation Other feature

I||||||||| Decideous trees Drainage network

= ’ North American Datum 1983,

Galium sp./ Symphyotrichum sp./ Poa sp. - Channel UTM Zone 20N,

i i - Panne Low altitude aerial photography collected:

- Phalaris arundinacea Ociobar 27, 2012
Rose bush Dyke by Gaiamatics Solutions Inc.

Vegetation survey : August 2012.

- Spartina pectinata
—— S. pecinata/S. atrovirens/Carex sp.

S. pectinata/Calamagrostis sp./Scirpus sp./Carex sp. [

S. pectinata/Poa sp./Alopecurus sp.

- Typha sp.
Typha sp./S. atrovirens/Carex sp.
0 25 50 100 ‘!Cb)\‘\f_ﬁ*s
‘Emeronmental Speclalists

I N TN NN NN SR (R S
Meters

Figure 18 Habitat map of SCS and SCP (front portion: A), showing vegetation communities and
other features.

CBWES Inc. Page 34




Post-Restoration Monitoring (Year 4) of the St. Croix River High Salt Marsh &
Tidal Wetland Project

St. Croix Restoration : SCP (B)
Habitat map 2012
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Figure 19 Habitat map of SCP (back portion: B) showing vegetation communities and
morphological features.
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4.2 Hydrology

Hydroperiod and Tidal Signal
Tide levels were not recorded during Year 4 of the monitoring program, but will be recorded
during the fifth (2014) and final year of post-restoration monitoring. The highest tide level
recorded for the sampling period 24 September to 07 November 2012 (Year 3) for SCW, SCP
and the St. Croix River was 7.86 m, 8.01 m and 7.07 m respectively (Table 4).

As discussed in Bowron et al. (2013c), on a minimum high tide the constructed creeks reached
bankful stage, with water moving up the full extent of the aboiteau channel at SCW to the back
portion of the site. On a mean tide, approximately 40% of SCW (4.16 m: Table 4) was covered
as tidal water entered the aboiteau channel (Creek 1) and the excavated creek furthest
downstream (Creek 4: Figure 21). A mean high tide at SCP and SCE floods into the ditches
onsite (Figure 21). The rest of SCW and the restoration sites (17.40 ha) were covered by a
maximum high tide (recorded in 2012: Table 4). Figure 20 shows the channels along the back of
the site connecting to Creek 4 and the back end of the aboiteau channel (Creek 1). These
channels have become more defined over the period of the monitoring program as Creek 1 and 4
of SCW are inundated by tidal water more frequently than the other SC restoration excavated
creeks.

Figure 21 shows the difference in inundation frequencies per plot at SCP compared to SCW. The
plots at SCP were flooded on 0 — 20% of the high tides, compared to SCW which had a greater
number of plots flooded at more than 30% of the high tides. The plot inundation frequency at
SCR was similar to that of SCP (Figure 22).

Table 4 Total area (ha) covered by the tides for the 2012 tide level data for the SC restoration

sites.

Water Elevation (m) Area (ha)

River SCP SCW | SCP SCW SCE* SCS* | Total
Highest Tide 7.87 7.86 8.01 564 974 126 076 | 17.40
Mean High Tide 6.38 6.88 6.66 129 416 030 0.10 | 5.85
Min High Tide 4.71 6.39 5.58 068 062 0.17 0.03 | 1.50
Mean Water Level 4.29 6.54 5.58
Min Water Level 3.53 6.27 5.34

*Area flooded for SCE and SCS calculated from River tide levels.
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Figure At SCW the back chanel connecting Creek 4 with south of marsh a) 2013 and c)
2014. The top portion of aboiteau channel (Creek 1) that connects to back channel is shown in b)
2013 and d) 2014. Photographs taken by CBWES Inc. during winter site walks.
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St Croix River Restoration Flood Map 2012
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Figure 21 Flood map for SC restoration sites showing inundation frequency for SCW and SCP.
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St Croix River Reference Site Flood Map 2012
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Figure 22 Flood map for SCR showing inundation frequencies.
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Creek Morphology

Six channels were excavated at the SC restoration sites during earthworks in 2009 to restore tidal
flow (Figure 16 to Figure 18). Tidal flow has been restored as a large portion of the site (4.16 ha)
is flooded with a tide level of 6.7 m (CGVD28: Table 4). As discussed in Bowron et al (2013c¢),
when designing the restoration at SC, Graham et al. (2008) took into consideration the initial
channel specs and subsequent erosion at the Walton River restoration project (Neatt et al. 2013;
van Proosdij et al. 2010); therefore, only two out of the six channels constructed have
experienced significant erosion. Figure 24 shows the change overtime at four of the excavated
channels at SC. The aboiteau channel (Creek 1 (furthest upstream; south): SCW T1 Figure 24)
continues to erode; however, it appears that the creek is stabilizing given the shape of the profile
compared to others in the system, especially SCW T2 (Creek 4; Figure 24). Although Creek 1
appears to be stabilizing at the mouth, migration towards the back of the site continues to occur
(Figure 23; Figure 44; Section 4.7 Structure Winter Walk), deepening the current channel. SCW
T2 (Creek 4: T2; Figure 24) was shown to be stable and although the shape of the channel has
changed over the years, the cross-sectional area of the creek has shown minimal change.
Although minimal erosion has occurred during the 2013/2014 winter season, measurements
during the year five monitoring program will give a clearer picture of what has been happening
during the past year.

The channel at SCP was shown to be relatively stable with slump blocks (2010-2011) based on
the stepped nature of the bank. The excavated creek at SCE has been stable through all years.

Figure e head 0 h oiteau channel in a) 2009 and in b) 2_()*14 (winter walk) showing
how the channel has been eroding back overtime during the four years of post-restoration. The
white arrows in each photo are pointing to the aboiteau structure for distance reference.
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2014

St Croix Restoration - Excavated Channel Development 2012
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Figure 24 Creek development at the SC restoration sites comparing years 2008, 2010, 2011 and

2012.

Water Quality

Water quality conditions (salinity, temperature, DO and pH) were measured for tidal floodwaters
at SCW in conjunction with the nekton survey as well as the River (Table 5).

The normal pH range for seawater is 7.5 to 8.5 and the pH of floodwaters at SCW and in the
River fell within this range for all measurements in 2011 and 2012. Although the measurements
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were a month apart, water temperatures in October were lower than those of September. Water
temperatures were expected to be higher in summer and lower in the fall.

Salinity levels of tidal flood waters vary across the tide cycle (flood, peak/slack, ebb) and within
the water column. The expected salinity range for a brackish environment is 0.5 — 30 ppt and for
seawater >30 ppt. For the sampling events that occurred within the restoration site (AC: Table 5)
the highest salinity value range was recorded in 2012: 9.5 ppt in September to 13.7 ppt in
October. The salinity of floodwaters at other Minas Basin sites ranged from 18 to 31 (Cheverie
Creek: Bowron et al. 2013a; Walton River: Neatt et al. 2013; Cogmagun River: Bowron et al.
2014a) for all post-restoration years. In 2013 the salinity range for tidal waters within the study
site was 1.0 ppt to 2.7 ppt (AC: Table 5). The salinity of the River water ranged from 0.0 ppt
(surface) to 15.1 ppt (at depth; 2.5 m) over all years post-restoration. This demonstrates that the
St. Croix restoration sites are near the upper reaches of the salt wedge and the salinity data
recorded from SCW and the River may show varying salinity readings due to fluctuations of
freshwater input to the system affecting the upper reaches of the tide.

Cold water has a higher oxygen saturation point than warm water and, therefore, one can expect
DO levels to vary daily and seasonally. Most estuarine fish species can survive at concentrations
of 4 ppm and can exist comfortably at concentrations of 6 to 8 ppm (Kaill and Frey 1973).
Mummichogs (Fundulus heteroclitus) can survive at levels much lower than this; hence their
ability to thrive in the often poor water quality conditions present in impaired wetlands. The DO
measurements at SCW (all years) ranged from 7.3 mg/l to 10.8 mg/l, increasing into the fall as
the water temperature decreased. The measurements for DO of the River (all years) ranged from
6.3 mg/1 to 10.3 mg/l, also increasing into the fall.

Table 5 Water quality of tidal floodwaters at SCW (AC: aboiteau channel within site) and in the
St. Croix River (SC River).

Samplin . Salinit Tem Dissolved

Date SiI:e g Sample Location (pp t)y © C)p Oxygen (mg/l) pH
21-Aug-11 SCW* AC 6.8 22.8 7.3 7.8
21-Aug-11 SC River Bridge (surface) 0.4 229 8.3 7.7
21-Aug-11 SC River Bridge (at depth) 14.6 22.3 6.3 7.6
21-Aug-11 SC River From SCW Dyke 14.6 22.2 6.9 7.6
26-Oct-11  SCW* AC 2.7 10.7 10.8 7.6
26-Oct-11  SC River Bridge (surface) 0.8 11.4 10.1 8.0
26-Oct-11  SC River Bridge (at depth) 4.4 10.7 10.3 7.7
17-Sept-12  SCW AC 9.5 17.2 7.5 7.4
17-Sept-12  SC River Bridge (surface) 2.8 16.3 8.6 7.5
17-Sept-12  SC River Bridge (at depth) 9.6 17.5 7.5 7.1
15-Oct-12  SCW AC (surface) 12.7 12.4 9.1 7.7
15-Oct-12  SCW AC (at depth) 13.7 12.7 9.5 7.8
15-Oct-12  SC River Bridge (surface) 8.4 12.7 9.1 7.9
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Samplin . Salinit Tem Dissolved

Date S iIt)e g Sample Location (ppt) y © C)p Oxygen (mg/l) pH
15-Oct-12  SC River Bridge (at depth) 15.1 12.6 9.2 7.8
20-Sept-13  SCW AC (surface) 2.5 19.0 8.4 6.8
20-Sept-13  SCW AC (at depth) 2.7 18.7 8.5 6.9
20-Sept-13  SC River Bridge (surface) 0.1 19.2 9.2 7.8
20-Sept-13  SC River Bridge (at depth) 5.8 18.1 8.3 6.8
07-Oct-13 SCW AC (surface) 0.8 15.1 9.6 7.3
07-Oct-13  SCW AC (at depth) 1.0 15.2 9.3 7.3
07-Oct-13  SC River Bridge (surface) 0.0 15.6 9.4 8.6
07-Oct-13  SC River Bridge (at depth) 2.6 14.8 9.4 7.3

*Average of two or more sampling events.

4.3 Soils and Sediments

Pore Water Salinity
Pre-restoration samples were too few to make any pre versus post-restoration comparisons, in
addition to the change in data collection methods. However, all salinity readings that were
collected pre-restoration for SCP and SCW were found to be O ppt for all stations. 2013
descriptive statistics for pore water salinity at each sampling station for SCW, SCP and SCR, as
well as for each site overall, are found in Table 6 and Table 7.

For all readings, SCW had a mean of 1.58 ppt with a range of 0.19 to 3.31 ppt and a standard
deviation of 0.79 ppt (Table 7). SCP had a mean of 0.70 ppt and a range of 0.10 to 1.84 ppt and a
standard deviation of 0.35 ppt (Table 7). SCR had a mean of 0.97 ppt with a range of 0.19 to
2.25 ppt and a standard deviation of 0.44 ppt (Table 7). Similar to previous post-restoration
years, SCW had the highest mean salinity values and greatest range. The highest salinity
readings at SCW in 2013 were again found at L1S2 and L.2S3 as well as L3S4 (Table 6). The
salinity readings taken at SCW Lines 4 and 5 follow the pattern one would expect to find at a
tidal wetland habitat with lower readings closer to the upland and higher towards the river (Table
6). At SCP the highest salinity readings in 2013 were again found at L2bS3 (back portion: Figure
19), as well as the Line 1 stations (Table 6).

No significant differences were detected between shallow and deep readings at any site (SCR
t(23) = -0.11, p=0.91; SCP t(24) = 0.33, p=0.76; SCW t(30) = -1.97, p=0.06). Significant
differences were detected between sites for deep readings (SCW to SCR t(47) = -3.25, p<0.05;
SCP to SCR t(45) = 2.36, p<0.05; SCP to SCW t(42) = -5.01, p<0.05) and shallow readings
(SCW to SCR t(43) = 2.33, p=0.02; SCP to SCR t(50) = -3.96, p<0.001; SCP to SCW t(44) = -
6.05; p<0.001). To compare changes over time ANOVA was performed at each site for 2011-
2013. 2010 readings were excluded due to an insufficient number of readings to support the
analysis for that year. For deep readings no significant differences were found between years at
SCR or SCP (SCR F(2, 63) = 2.3, p = 0.12; SCP F(2, 69) = 0.26, p = .76), while shallow
readings showed significant differences (SCR F(2, 63) = 4.46, p = 0.02; SCP F(2, 70) = 6.03, p =
0.004). SCW showed the opposite pattern, with deep readings showing significant differences
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and shallow readings showing no differences (deep F(2, 83) = 2.46, p = 0.09); shallow F(2, 62) =
0.27,p=0.76).

The histograms for shallow and deep readings show that at SCW in 2013 there were more
readings in the higher salinity values than SCR and SCP (Figure 25 and Figure 26). SCP has
more readings in the lower salinity values than the other two sites, although all three sites have
most of their readings in the lower salinity values. Of note is the increase in the salinity values of
the deep reading shown at SCW in 2013, as it was found that there was significant difference
overtime in the deep readings at SCW (Figure 26). For SCP, the shallow readings histogram
shows a decrease in the percent frequency in the lower salinity value range (0 - 0.5 ppt).

The increase in the salinity values of the deep readings at SCW could be attributed to the depth
of the saline sediment that has accumulated on top of the pre-restoration agricultural layer. When
taking the deep readings, the EC Probe may no longer be penetrating the agricultural layer, but
staying within the accreted sediment. In addition, the increased readings of higher salinity values
at SCW and SCP, shown by the histograms (Figure 25 and Figure 26), could be attributed to the
higher tides experienced in 2013, closer to the peak of the 18.61 year nodal tidal cycle (October
2015; Haigh et al. 2011).

The salinity values at the SC restoration sites and SCR continue to be very low when compared
to other dyke breach restoration projects and reference sites in the Bay of Fundy region. This was
expected as the other sites are salt marsh systems and located well within the tidal prism of their
respective systems, compared to SC which is at the upper limit of tidal influence. The other
breach projects have salinity means of 8.8 ppt (Cogmagun: Bowron et al. 2014a) and 7.6 ppt
(Walton: Neatt et al. 2013) with maximum readings of 14 — 17 ppt. Tidal water readings at
Cogmagun (2013) and Walton (2012) during fish surveys revealed 26 ppt and 27 ppt
respectively. The highest reading at SCW during fish surveys was 13.7 ppt with a reading of 15
ppt in the River (at Depth: Table 5). The lowest reading at SCW during fish surveys was 0.8 ppt
and a reading of 2.6 ppt in the River (at Depth: Table 5). SCW and SCP were more brackish in
comparison to other restoration project sites, with greater salinity readings at SCW compared to
SCP most likely associated with its location in the River system. As discussed in Section 4.3
Soils and Sediments, the SC restoration sites are within the zone of the estuarine turbidity
maximum (ETM) or the location of vertical mixing between fresh and salt water. SCW appears
to be low enough in the system that it receives a greater amount of saline sediment from the
River on high tides compared to SCP.
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