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DISCLAIMER

The Petitcodiac Watershed Alliance (PWA\) is a non-profit environmental charity that works to
improve and maintain the ecological systems within the Petitcodiac River Watershed. We use
local science to educate community members within the watershed about the ecology within the
Petitcodiac River’s watershed boundary, and the importance of protecting this unique river
system.

Laboratorial Disclaimer

The PWA has been working on monitoring water quality within the Petitcodiac Watershed with
the help of government organisations and volunteers since 1997, and we have been collecting our
own water quality data since 1999. The PWA has our own in-house, non-accredited water
microbiology lab (PWAML) where we can conduct bacterial and nutrient testing. Although the
PWAML is not fully-accredited (due to financial constraints), we work to ensure our testing has
the same scientific merit as at a fully-accredited lab: we follow all necessary protocols, standard
operating procedures, training and quality management systems as per 1SO 17025 certification
standards. Our Laboratory Quality Management System (LQMS) can be made available upon
request.

Photographic Credits

Unless otherwise indicated, photographs, charts, and maps in this publication are courtesy of the
Petitcodiac Watershed Alliance. All other photograph or map credits appear following the image
caption.

General Disclaimer

While every effort has been made to present accurate maps and data, the Petitcodiac Watershed
Alliance does not guarantee that the maps and data are correct. Users of facts presented in this
report, as well as the data herein must take care to ensure that applications envisaged for these
data are appropriate uses. The opinions expressed in this document are solely those of the author,
and do not necessarily represent the opinion of the other employees and board members of the
organisation, or of the Petitcodiac Watershed Alliance.

The Petitcodiac Watershed Alliance
236 St. George St., Suite 405

Moncton, N.B., E1C 1W1
(506) 384-3369
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EXECUTIVE SUMMARY

Freshwater mussel population have been declining for over 50 years due to poor land
management practices. These organisms are great bio-indicators on freshwater habitat
conditions. They are also valuable assets to water quality improvements in the waterways.
Freshwater mussel surveys hadn’t been conducted on Petitcodiac Watershed Rivers since 1997-
2000. The Petitcodiac Watershed Alliance (PWA) has attempted to re-evaluate the freshwater
mussel population using a semi-quantitative survey approach. The past sites that were surveyed
between the years 1997 and 2000 were located in the Petitcodiac River, Turtle Creek, Little
River, Pollett River, Anagance River and North River. The PWA has identified a total of six
freshwater mussel species including: the Brook floater (Alasmidonta varicos), the eastern elliptio
(Elliptio complanata), the eastern pearlshell (Margaritifera margaritifera), the alewife floater
(Anodonta implicata), the eastern floater (Pyganodon cataracta) and the triangle floater
(Alasmidonta undulata). Amongst these species, the Brook floater is listed as a species of special
concern under the Species at Risk Act (SARA) and Committee on the Status of Endangered
Wildlife in Canada (COSEWIC). The Petitcodiac watershed also had the last stronghold of the
dwarf wedgemussel (Alasmidonta heterodon) population in New Brunswick prior to the
construction of the Petitcodiac causeway in 1968 (Hanson, J.M., Locke, A. 2000). Its population
declined drastically the following years and is now considered extirpated under the SARA and
the COSEWIC. This species wasn’t encountered during the PWA’s surveys. Mussel species
identifications were conducted by an experienced staff member at the PWA, Darlene Elward.
Voucher samples were collected from the sites and confirmed by the New Brunswick Museum
experts to validate the findings. The current data on freshwater mussel population, distribution
and threats to the Brook floater gained from this project, along with the PWA’s Stewardship Plan
and the Department of Fisheries and Oceans’ (DFO) proposed Management Plan for the species,
will guide any activities aiming to mitigate threats to help protect and restore species at risk and
freshwater habitat.
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Jobs (CSJ) and Student Employment Experience Development (SEED). It is thanks to these
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RESUME GENERAL

La population de moules d'eau douce est en declin depuis plus de 50 ans en raison de
mauvaises pratiques de gestion des terres. Ces organismes sont d'excellents bio-indicateurs des
conditions de I'habitat en eau douce. Ils sont également des atouts précieux pour I'amélioration de
la qualité¢ de l'eau dans les cours d'eau. Aucun suivis de mulettes n’avait été effectué sur les
rivieres du bassin versant Petitcodiac depuis 1997-2000. L’ Alliance du bassin versant Petitcodiac
(ABVP) a tenté de réévaluer la population de mulette en utilisant une approche d'évaluation
semi-quantitative. Les anciens sites qui ont été étudiés entre 1997 et 2000 étaient situés dans la
riviere Petitcodiac, ruisseau Turtle, riviere Little, riviere Pollett, riviere Anagance et riviere
North. L’ABVP a identifi¢ un total de six espéces de mulette, notamment: I’alasmidonte renflée
(Alasmidonta varicosa), l'elliptio de I’Est (Elliptio complanata), la mulette-perli¢re de 1’Est
(Margaritifera margaritifera), I’anodonte du gaspareau (Anodonta implicata), I’anodonte de I’Est
(Pyganodon) cataracta) et I’alasmidonte a fortes dents (Alasmidonta undulata). Parmi ces
especes, 1’ Alasmidonte renflée est une espéce préoccupante en vertu de la Loi sur les espéces en
péril (LEP) et du Comité sur la situation des espéces en péril au Canada (COSEPAC). Le bassin
versant de Petitcodiac comptait également la derni¢re population forte de I’alasmidonte naine
(Alasmidonta heterodon) au Nouveau-Brunswick jusqu'a la construction du pont-chaussée de
Petitcodiac en 1968 (Hanson, J.M., Locke, A. 2000). Leur population a diminué
considérablement les années suivantes et est considérée comme disparue selon LEP et
COSEPAC. L’espéce n’a pas été rencontrée lors des suivis de I’ABVP. L'identification des
especes de moules a été effectuée par un membre expérimenté du personnel de I’ABVP, Darlene
Elward. Des échantillons ont été prélevés des sites et confirmés par les experts du Musée du
Nouveau-Brunswick pour valider les résultats. Les données sur la population, la répartition et les
menaces de 1’alasmidonte renflée tirées de ce projet, ainsi que le plan d'intendance de I’ABVP et
le plan de gestion proposé par le Ministére des péches et des océans (MPQO) pour l'espece,
guideront les activités visant a réduire les menaces afin de protéger et restaurer 1’espece en péril
et leur habitat.
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de I’habitat (PIH) pour les espéces en péril et les Fonds de fiducie de la faune du N.-B.
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1.1 HISTORICAL OVERVIEW OF THE ORGANIZATION

The Petitcodiac Watershed Alliance (PWA) was founded in 1997 and also formerly
known as the Petitcodiac Watershed Monitoring Group or PWMG-GSBP Inc. The PWA is a
charitable non-profit environmental science and education organization that works to enhance
and maintain the Petitcodiac, Memramcook and Shepody River areas. Our actions are guided by
what we want to leave behind for the future generations. The organisation is dedicated in
promoting watershed awareness, encouraging the communities to identify environmental
problems in the area, and follows through with actions to improve and protect the ecological
integrity of the watershed and its ecosystems.

Since 1997, the organization has carried out various projects involving: water quality and
wetland monitoring; species at risk and habitat stewardship; water management through green
infrastructures (i.e. Water Guardian program); habitat connectivity assessment and improvement
(i.e. Broken Brooks program); outreach and awareness to riverfront landowner and river users;
and engaging opportunities to the communities to improve the watershed.

The organization’s continuing efforts to protect and restore freshwater habitat and
commitment to environmental stewardship in the watershed have been recognized throughout the
years: Eco 360 Environmental awards 2017-2019 and the New Brunswick Environmental
Network’s Samaqan award 2019.

1.2 FRESHWATER MUSSEL BACKGROUND KNOWLEDGE

Nearly 75% of freshwater mussel species in North America are considered at risk or in a
concerning situation (Nedeau, E.J., Victoria, J. 2003). Rivers and streams in New Brunswick
hold important habitats to as many as eleven native freshwater mussel species according to New
Brunswick Museum’s newest field flashcard guide (McAlpine, D. F., Sollows M. C., Madill, J.
B., Martel, A. L. 2018). Freshwater mussel population have been declining for more than 50
years due to poor management practices (Hanson, J.M., Locke, A. 2001). According to the most
recent information from Hanson J. M. and Locke A. 2001 and recent survey results from the
PWA, the Petitcodiac watershed is inhabited by species at risk such as the Brook floater
(Alasmidonta varicosa), a species of special concern under the Species at Risk Act (SARA) and
the Committee on the Status of Endangered Wildlife in Canada (COSEWIC). The watershed also
had the last stronghold population of another species at risk, the dwarf wedgemussel
(Alasmidonta heterodon), prior to the construction of the Petitcodiac causeway (Hanson, J.M.,
Locke, A. 2000). This species is considered extirpated under SARA and COSEWIC; it’s no
longer found in Canada, but can still be found in certain watersheds of the United States adjacent
to the Atlantic Ocean. Another freshwater mussel species listed as special concern under SARA
in New Brunswick is the yellow lampmussel (Lampsilis cariosa). This last one wasn’t located in
the Petitcodiac watershed, however it has been seen in a neighboring watershed. The Petitcodiac
River causeway has had a great impact on the watershed ecosystem prior to the opening of its
gates in 2010. Anadromous fish species that may have served has hosts fish to some mussel
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species faced passage barrier challenges. Even today, lower freshwater habitats still experience
high depositions and substrate embeddedness.

1.5 PROJECT DESCRIPTION

In New Brunswick, research on the abundance or distribution of mussel species is quite
rare. There are so few of them in the southeastern streams of the province that the existing results
do not adequately reflect mussel’s population stability (Hanson, J.M., Locke, A. 2001).
Freshwater mussel surveys hadn’t been conducted on Petitcodiac Watershed Rivers since 1997-
2000 by Department of Fisheries and Oceans (DFO). There was a total of 66 sites (Figure 1) that
were surveyed between those years on the Petitcodiac River, Turtle Creek, Little River, Pollett
River, Anagance River and North River. Some of these sites were also surveyed previous to
those years, 1960 and 1984, according to Hanson and Locke 2000. The PWA has managed to
map out the previously surveyed sites with the available resources provided by Hanson and
Locke’s 2000 and 2001 Global Positioning System (GPS) coordinates and by using the ArcGIS
software. Some points had clearly slight errors detected when layered over a topographic map or
aerial view base map. These errors could have occurred due to inaccurate precision reading from
of the GPS technology used or the due to the geomorphology of the watercourse taking different
forms over the years. The PWA was able to locate the site on the field as precisely as possible.
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Figure 1: The 66 sites surveyed in 1997-2000 that were re-located in the Petitcodiac watershed boundaries.
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The Petitcodiac Watershed Alliance (PWA) has attempted to re-evaluate mussel
populations on these 66 sites since 2018. A few sites in the lower parts of the watershed are too
dangerous for the staff to walk on due to the excess sedimentation. The surveys conducted
allowed the PWA to locate freshwater mussel species distribution and important species at risk
habitat. From staff experience and knowledge from the New Brunswick Museum experts, a
higher biodiversity of freshwater mussel species is generally found in the lower parts of a
watershed near the brackish water limit. However, different species can be found in the upper
reaches of the watersheds that may not necessarily be found in the lower sections. Mussel
distribution depends on the species’ adaptation to certain habitat conditions, water quality and
presence of their host fish. The findings between the years 2018 to 2020 demonstrates there is a
presence of six species of freshwater mussel in the Petitcodiac watershed. In the years 2018-2020
combined, there was a total number of 316 Alasmidonta varicosa, the Brook floater species of
special concern (species at risk), detected in only nine of the 19 sites surveyed in the Petitcodiac
watershed. They were located in the Petitcodiac River, Little River and North River. The other
species found in these 19 sites were documented as well: Margaritifera margaritifera (i.e. eastern
pearlshell); Elliptio complanata (i.e. eastern elliptio); Anodonta implicata (i.e. alewife floater);
Alamidonta undulata (i.e. triangle floater); and Pyganodon cataracta (i.e. eastern floater).

In addition to surveying for Brook floater presence and absence, the PWA identified
potential threat to the species at risk in proximity of the surveyed sites. This key information will
help initiate partnerships with interested landowner to address threats to aquatic species in the
watershed. and create habitat improvement opportunities to reduce the threat on the Brook
floaters. Some landowners even reached out to the PWA to help them improve their riparian
zones. The ultimate outcome of the project is for the efforts to result in not only the conservation
and restoration of species at risks such a Brook floaters, which play a key role in watershed
ecosystems, but also the reduction of negative impacts on their freshwater environment.

This Stewardship Plan will derive from the Department of Fisheries and Oceans’ (DFO)
Management Plan for the Brook Floater (Alasmidonta varicose) in Canada and the PWA’s
Watershed Management Plan intended to support public and stakeholder concerning stewardship
of the Petitcodiac River and its watershed. The PWA’s watershed management plan is essentially
built to achieve our three primary goals: the safety and security of our drinking water, the
maintenance of healthy and functional aquatic ecosystems, and the restoration of degraded
aquatic habitat.

The purpose of the stewardship plan is to protect and enhance the habitats of the Brook
floater with the expectation that mussel populations recover while ensuring the work respects the
natural integrity of the watershed and its geomorphology. Habitat improvement plans will
depend on available funding, ground conditions, landowner permission and available resources
to carry out the work. The improvements will be documented and assessed for its success by
observation. These improvement activities will promote the importance of species at risk on the
watershed biodiversity and getting river landowners involved in being steward to the freshwater
habitat through adopting the best land management practices and to reduce anthropogenic
impacts on the environment.

Petitcodiac Watershed Alliance Inc.



2. DESCRIPTION OF THE PETITCODIAC WATERSHED AND
SURROUNDING AREAS

2.1 WATERSHED GEOGRAPHY

The Petitcodiac Watershed Alliance’s boundaries (Figure 2) are il
comprised of the Petitcodiac, Memramcook and Shepody River watersheds. B e
This watershed is located in southeastern New Brunswick and altogether has a L)
drainage area of approximately 3,000 km?, making it the third largest & (f‘)
watershed in the province. The Petitcodiac River, along with its 10 major L

tributaries, runs through both rural and urban environments and
drains into the Shepody Bay, at the northernmost tip of the inner Legend
Bay of Fundy. Some of the communities along this river include:
the Village of Elgin, the Village of Petitcodiac, the Village of
Salisbury, the Greater Moncton area, and the PPN
Village of Hillsborough. The Memramcook o/~

Hydrology

Ly A ———

) 0 5 10km
River has four major tributaries that flow (i : (?,M
through rural communities, % biote \ L\,
Memramcook and Dorchester, / A5
to join with the Petitcodiac .~ ST N
River. South of the / P

Shepody Bay with its
river flowing through

Riverside Albert. /
The project

efforts, mainly focused in

the Petitcodiac River watershed,
help make a positive impact on
watershed habitats and species at NJ/ /,/ /\
risk  through  monitoring, ( ’
education, and habitat ; \/\ //

improvement. Figure 2: A map of the Petitcodiac Watershed
Alliance’s boundaries in southeastern New Brunswick.

Petitcodiac watershed, the ) A i
Shepody River %’ o
watershed drains into the \ koot
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The watershed is part of the Fundy
Biosphere Reserve (a UNESCO World Heritage site), which includes an area of 442,250
hectares in the upper Bay of Fundy coast, stretching from St. Martins to the Tantramar Marsh
near Sackville, and inland to the Greater Moncton area (Figure 3). This designation from the
United Nations recognizes the uniqueness of the upper Bay of Fundy in its geography, culture
and history, but in addition emphasizes the importance of conservation and sustainability within
this region (Fundy Biosphere Reserve, 2012).
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Figure 3: A map of the UNESCO Fundy Biosphere Reserve area in Southeastern NB. The Petitcodiac Watershed is
part of the “Buffer Zone” (Yellow) and “Transitional Zone” (Brown)

2.2 WATERSHED GEOLOGY AND GEOMORPHOLOGY

The Bay of Fundy’s highest tides has
formed some very unique landscapes and
occurrences in the watershed. They reach 9 m
in height on the Petitcodiac River and 14 m in
the Shepody Bay area (i.e. Hopewell Rocks)
(McLeod, 2005). At low tide, the tidal zone
features several kilometers of mudflats
mainly composed of high levels of clay and
silt giving the Petitcodiac River Estuary its
chocolate brown color when sediments are
suspended in the water, which has coined the
name “Chocolate River”. The tide cycle
comes in twice a day highlighting the tidal
bore (Figure 4) until it reaches the brackish

Figure 4: The tidal bore rolling up the Petitcodiac River.
Photo credit to Charles LeGresley - Photographer
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water limits of the Petitcodiac River. A great number of wetlands also borders the fluvial system
from the lower end to the upper reaches of the watershed; providing important habitat to plants
and wildlife, providing important resources and taking on the impacts of flood events. The
fluvial system has shaped the land by eroding, transporting, and distributing sediments from
glacial deposits, soils, sandstone and bedrock throughout the watershed.

2.2.1 ECOREGIONS OF THE PETITCODIAC WATERSHED

An Ecoregion is a continuous geographical area across which the interaction of climate,
soil, and topography are sufficiently uniform to permit the development of similar types of
vegetation (Ecological Framework of Canada, 1999). Ecoregions also are distinguished based on
species distribution patterns influenced by the various climate-related factors.

Climate and topography combine to create a north-south gradient in animal distributions,
contrasting the cool Highlands and Uplands Ecoregions with the warmer and drier Lowlands
Ecoregions. We might expect these trends to be most obvious in species that have minimum
control over body temperature, such as fishes and amphibians. Moreover, there are species that
are found exclusively, or are more abundant, in either the northern or the southern part of the
province. These species are generally at the southern or northern limit of their range,
respectively, in New Brunswick, the climatic gradients characteristically are determined by a
combination of elevation above sea level and proximity to the ocean. The mean temperature
tends to decrease with increasing elevation. Biological processes also vary significantly from one
ecoregion to the other, including the group of processes related to species phenology. Species
phenology describes the intricately controlled steps that govern the timing of plant and animal
development, and that proceed similarly in all individuals of a given species. The timing of
phonological processes can be affected by factors such as light or temperature, but the processes
relevant to our discussion here are those influenced by climate (New Brunswick Department of
Natural Resources, 2007).

As seen in the Figure 5, four different Ecoregion types are found within the Petitcodiac
River’s watershed boundary. The following are summaries of the individual ecoregions in terms
of their climatic differences, distribution of forest vegetation species, distribution of wetlands,
distribution of animal species, and species phenology, found in chapter 6 of the New Brunswick
Department of Natural Resources’ “Our Landscape Heritage” (2007):

Eastern Lowlands Ecoregion: Three quarters of the watershed (northern to mid-part) falls
into this ecoregion. The Eastern Lowlands are generally characterized by flat to gently rolling
terrain. It also has the lowest precipitation levels in the province and is home to fire-adapted
species such as Jack pine and black spruce. Hemlocks are also limited to this area due to the low
elevation they require. Red spruce is a predominant conifer species in the acidic, climatically
warmer, lower elevation areas. Common understory plants are rhodora, blueberry and sheep
laurel, which serve as another indication of the acidic soils in the Eastern Lowlands Ecoregion.
Within the lowland ecoregions are extensive areas of low elevation and/or low relief; wetlands
comprise a greater share of the area of these ecoregions. Nearly half of the province’s wetlands,
consisting principally of large peatlands that formed in shallow basins, are found in the Eastern
Lowlands Ecoregion.

Petitcodiac Watershed Alliance Inc.



ECOREGIONS WITHIN THE PETITCODIAC AND MEMRAMCOOK RIVER
WATERSHEDS

LES ECOREGIONS DANS LES BASSINS VERSANT DE LA RIVIERE PETITCODIAC

ET MEMRAMCOOK N

1. 100 00O

Figure 5: A map of the Ecoregions present within the Petitcodiac Watershed

Valley Lowlands Ecoregion: The plains leading up to the Caledonia mountain range are
part of the Valley Lowlands Ecoregion. It is noticeable by its rolling terrain and its typically
continental climate. The Anagance ridge is important for pine species. Except for a few outlying
populations, hemlock is restricted to the lowland ecoregions. Historically, much of the Valley
Lowlands Ecoregion supported shade-demanding hardwood and softwood species. Today, much
of the low-elevation, low-relief areas now support agriculture alongside a patchy or fragmented
distribution of woodlands dominated by red maple, white spruce, and intolerant hardwood
species. Ironwood is also common shade-tolerant hardwood species, whose range conforms quite
well to the boundaries of the Valley Lowlands. White ash is widespread throughout the Valley
Lowlands Ecoregion, in association with other tolerant hardwoods on ridges. Only rarely does it
form pure stands. There is often a dramatic influence of major watercourses and large lakes,
which create the required conditions for an impressive diversity of wetland types.

Central Uplands Ecoregion: The terrain is mountainous, and temperatures are warmer
than the Northern Uplands ecoregion due to the generally southerly aspect. The Caledonia
Mountains can be found in this region. Black spruce is common where soils are naturally wet,
peaty, and acidic In the Central Uplands Ecoregion portion of black spruce’s range, however,
natural occurrences are limited to sites that are unsuitable for most other tree species. These
include dry, rocky sites, and very wet, peatland sites. The prevalence of pine is low here. Yellow
birch and sugar maple are widely distributed throughout the province but are most abundant in
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the Central Uplands Ecoregion. Intolerant hardwood species die out in absence of natural or
human disturbances that create large forest openings. In this regard, it is interesting to note the
low abundance of aspen here.

Fundy Coast Ecoregion: This region has a small percentage within our watershed
boundary, at the southern tip. Its proximity to the Bay of Fundy strongly influences temperature
from the coast’s cooling effects. Precipitation in the Fundy Coast Ecoregion is high relative to
other ecoregions, except in late summer. This region has a lack of pine and hemlock species, as
well as a low abundance of aspen, probably due to the low incidence of forest fires. The Fundy
Coast Ecoregion also presents a provincially unique situation with regard to wetlands: despite the
rugged terrain, the cool maritime climate has promoted development of impressive coastal bogs,
and coastal marshes have developed in low, protected sites behind dunes, or where rivers and
streams drain across low, flat terrain into the sea. These conditions are found most noticeably
along the Shepody Bay and the Isthmus of Chignecto in the Fundy Coast Ecoregion.

2.2.2 GEOLOGY AND SOIL TYPES WITHIN THE WATERSHED

PRIMARY LITHOLOGY OF THE PETITCODIAC
AND MEMRAMCOOK RIVER WATERSHED

LITHOLOGIE PRIMAIRE DU BASSIN DE LA
RIVIERE PETITCODIAC ET MEMRAMCOOK
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Figure 6: A map of the Geological units present within the Petitcodiac Watershed.
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The bedrock in the drainage basin is mostly composed of Pennsylvanian (or younger) red
and grey sandstones, conglomerate and siltstones. On the north shore of the Petitcodiac River,
and in the upper reaches of the Anagance River, the North River and the other tributaries on the
north shore, the bedrock is mostly made of Mississippian red to grey sandstones, and shale with
some felsic volcanic rocks, mixed igneous rocks or felsic pebble conglomerates. The southern
shore of the Petitcodiac River is similar with red to grey Mississippian sandstones (Figure 6).
Mostly sedimentary, volcanic, and igneous Precambrian or Lower Palaeozoic rocks characterize
the headwaters of Pollett and Little River. Some limestone is also present in this area. These
rock formations are scattered through the Caledonia Mountains. During the late quaternary era,
most of the Petitcodiac drainage basin was under sea level, with the DeGeer Sea (extending from
the current Bay of Fundy) covering the southern part of the basin and the Goldthwait Sea
(extending from the current Northumberland Strait) covering the northern part of the basin.

Most of the basin is characterised by topsoil (first 0.5 m) made of veneer (loamy
lodgement till, minor ablation till, sand and silt, with some clay), under which there is usually
ablation moraines (Figure 7). Near the main riverbanks, however, the intertidal plains and salt
marshes have soils composed mostly of clay and silt, with some fine sand (Geological survey of
Canada, map 1594A, 1982). The bedrock north and west of the Memramcook drainage basin in
mostly composed of Pennsylvanian red to gray sandstone, conglomerates and siltstones. This
topsoil (thickness ranging from 0.3m-0.5m) was deposited directly by Wisconsinian ice and/or
with minor reworking by water.

Petitcodiac Watershed Alliance Inc.
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Figure 7: A map of the soil types within the Petitcodiac Watershed.
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2.3 WATERSHED LAND USE

The Petitcodiac watershed has a variety of land-uses activities present within it such as:
agricultural, forestry, quarry material extraction, residential and commercial developments, water
infrastructures, river crossings and poor land management practices. These human activities can
lead to an increase in anthropogenic impacts on the freshwater habitats: habitat loss, climate
change (e.i. drought or flooding), stormwater runoff, urbanization of riparian zones, water
pollution, obstruction of waterways and fish passage, septic leakage and sewage overflow
measures, clearcutting of forests and agricultural runoff leading to eutrophication of waters.

The Petitcodiac River Causeway, a well-known structure built in 1968, impacted the
Petitcodiac River watershed for many years; an impoundment structure blocking water flow and
fish from accessing the upper reaches of the watershed. Before construction, there were serious
questions raised about the impacts that the causeway could have on the hydrodynamic conditions
of this river (New Brunswick Department of Environment, 2005). Impoundment structures like
this one can reduce or completely remove tidal bores (National Geographic Society, 2011).
Following the construction of the causeway, the river dynamics formed the Petitcodiac Lake
commonly used for recreational boating. Due to the silty nature of a watercourse, the Petitcodiac
estuary was infilled with fine sediments transported by the tidal bore; creating large mudflats that
were later recolonized by various salt marsh grasses. The geomorphology reduced the width of
the river from 800m to approximately 80m (Figure 8).

Figure 8: Comparison of Petitcodiac River aerial view before installation of causeway (1954, upper photo) and after
installation of the causeway (1996, lower photo, approximately 28 years later).
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The Niles Report (2001) was released, outlining issues associated with the causeway
based on previous knowledge. This report deemed that the causeway was in contravention of the
federal Fisheries Act, acting as an illegal barrier to fish passage, as the original Department of
Fisheries and Oceans requirement for fish passage was never actually achieved (New Brunswick
Department of Environment, 2005). This led to the first of a 3-step process to restore the former
function of the Petitcodiac River, an Environmental Impact Assessment (EIA) conducted in
2005. Phase 2 began in 2010 with the permanent opening of the causeway gates. Currently, the
five open gates of the Petitcodiac causeway (Stage 2) only offer an opening of 40 m (Figure 9),
creating significant turbulence issues and dangerous navigation conditions in this section of the
river. Phase 3 (full removal/ installation of partial bridge) began in the spring of 2017 (Figure 9)
and is set to be completed in 2021 (Town of Riverview, 2020).

Figure 9: (Left) Picture of the causeway gates (open) which provide passage to entire river system above the
structure since 2010. (Right) Schematisation of the bridge under construction (2017-2021).

The Petitcodiac River has been undergoing large-scale changes since the permanent
opening of the causeway gates in April 2010. In 2012, the New Brunswick Department of
Environment re-assessed the condition of the Petitcodiac River, and found that the increased
passage had caused the river to widen along all sections downstream from the causeway. The
largest increases in width measured approximately 250 meters at the segment from Dieppe to
Upper Dover (nearest to the Bay of Fundy); the smallest changes, approximately 16 meters near
the causeway (AMEC, 2012). The channel is expected to widen more when the causeway barrier
has been fully removed.

The river’s hydrodynamics, geomorphology, and rich aquatic ecosystem have been returning
to a more natural state as the river and its tidal bore are now able to travel several kilometers
upstream of the causeway. Migrating fish are now able to access habitat upstream of the
causeway to spawn. Fish monitoring conducted since the opening of the gates has confirmed the
return of a number of fish species that were once extirpated or significantly reduced from the
Petitcodiac River as a result of the causeway barrier (Redfield, E., 2018).

Petitcodiac Watershed Alliance Inc.
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2.4 THE TEMPERATURE AND CLIMATE

New Brunswick falls within the temperate broad-leaved forest category but is situated far
enough north to have several boreal elements, including the prominence of balsam fir, jack pine,
tamarack, and spruce species. Since the immediately post-glacial period, the Appalachian
Mountains have remained above sea level and thus have served as an effective north—south
migration corridor. This has resulted in a blending of northern and southern floral and faunal
elements in the Atlantic region. The unique mixture of forested and non-forested ecosystems in
the Maritimes has been recognized by Canadian and North American classification frameworks
as a definable forest region called the Acadian Forest or, more recently, the Atlantic Maritime
Ecozone. In New Brunswick, the climatic gradients characteristically are determined by a
combination of elevation above sea level and proximity to the ocean (New Brunswick
Department of Natural Resources, 2007).

The Petitcodiac River Watershed is typically a temperate continental climate, where the
ocean modifies continental air masses. The extent of the continental effect depends to a large
degree on wind direction, with the onshore winds causing the most moderation. By temperate we
understand that the annual thermal average is not very characteristic (between - 10° and +20 °C),
but where the temperature and not the precipitation impose the seasonal rate. Winters are cool to
cold, where the lowest monthly average can be near - 40°C; summers are warm to hot. As a
result, trees lose their leaves during winter (New Brunswick Department of Natural Resources,
2007).

Le Nouveau-Brunswick est situé dans la zone climatique tempéré de type continental
humide et adouci par I’océan Atlantique. Deux masses d'air influencent le climat; de I'air froid
provenant du Nord-Ouest et de l'air marin chaud et humide provenant du Sud-Ouest. Les
températures sont habituellement un peu plus chaudes a I’intérieur des terres et un peu plus
froides vers les zones cotieres. Les masses d’air influence aussi a 1’occasion les conditions des
saisons. Durant I’hiver les conditions peuvent voir des courtes périodes de température douce :
durant 1’été; des périodes de brouillard. La province est relativement équilibrée avec une
température moyenne annuelle de 5.3°C et des précipitations moyennes annuelles de 1,143.3
millimétres. Les hivers sont longs, enneigés et froids avec une température moyenne de -9.8°C
(janvier, le mois le plus froid). Les printemps sont courts, pluvieux et frais avec une température
moyenne de 4.3°C (avril). Les étés sont courts, humides et chauds avec une température
moyenne de 19.3°C (juillet, le mois le plus chaud). Les automnes sont longs, pluvieux et frais
avec une température moyenne de 7.0°C (octobre).

2.5 THE WATER QUALITY

Other than species at risk population monitoring, the PWA uses water quality data to
monitor environmental successes from habitat improvements. Since 1998, the water quality has
been tested on 21 sites (Figure 10-11) in the concerned watershed once a month during the
summer months (May, June, July, August, September and October) and during one year of
winter months (January and February) to get a baseline comparison. The parameters measured

Petitcodiac Watershed Alliance Inc.
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includes: water temperature, dissolved oxygen, pH, specific conductivity, salinity, total dissolved
solids, turbidity, nitrates, phosphates, total coliforms and Escherichia coli.
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Figure 10: Map of PWA water quality monitoring site locations within the Petitcodiac watershed

Lower Petitcodiac Subwatershed

GPS Coordinates
Sampling Site (Decimal Degrees Lat.,Long.)
Mill Creek (MC) N 46.06030°, W -64.75858°
Jonathan Creek (JC) N 46.08707°, W -64.81752°
Hall's Creek North Branch (HCn) N 46.12925°, W -64.79539°
Hall's Creek West Branch (HCw) N 46.12843°, W -64.85707°
Humphrey's Brook (HB) N 46.11036°, W -64.76616°
Rabbit Brook (RB) N 46.11211°, W -64.81977°
Fox Creek (NR) N 46.06253°, W -64.70532°
Michael’s Brook (MB) N 46.06962°, W -64.83872°
Irishtown Nature Park Reservoir (INP) N 46.14378°, W -64.76906"
Petitcodiac River Estuary (PRE) *discontinued due to safety N 46.07242°, W -64.78574°
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Upper Petitcodiac Subwatershed
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~

GPS Coordinates

Sampling Site (Decimal Degrees Lat.,Long.)
Petitcodiac River Upper (PRu) N 46.02184°, W -65.03389°
Little River (LR) N 46.02047°, W -65.02302°
Pollett River (PoR) N 45.99550°, W -65.09013°
North River (NR) N 45.96129°, W -65.19876°
Anagance River (AR) N 45.92771°, W -65.18782°

Memramcook Subwatershed

GPS Coordinates

Sampling Site (Decimal Degrees Lat.,Long.)
Smith Creek (SmC) N 46.02668°, W -64.58583°
Stoney Creek (StC) N 46.04514°, W -64.56392°
Breau Creek (BC) N 45.96911°, W -64.51902°
Memramcook River South Branch (MemS) N 46.043615°, W -64.47344°
Memramcook River Upper (MemU) N 46.071201°, W -64.446735°
Memramcook River Lower (MemL) N 46.04637°, W -64.56722°

Figure 11: Established PWA water quality monitoring sites in the Petitcodiac watershed and their GPS coordinates
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2.6 HUMAN IMPACT

Rivers have always had components that characterize river habitats such as pools, riffles,
riffles, various sediments (sand, gravel, and cobble), spawning sites, food abundance, and good
water quality. All these components are essential for fish and other organisms living in streams.

The arrival of the Europeans in North America in the mid 1600's had a major role in
changing the land and rivers to survive the conditions of the region. Even more changes were
made to the land in the late 1800's as industries developed and contributed to the economic
growth of the Maritimes.

The deterioration of aquatic ecosystems is partially due to the natural geomorphology of
the land, but mostly due to unnatural changes caused by humans such as urbanization and poor
land management practices. Poor environmental land management practices that lead to physical
and chemical changes to ecosystems include: removal of vegetation along waterways without
leaving a proper uncut riparian zone; poor agriculture, ranching and forestry practices; road
development; fluvial crossings and infrastructures; and poor waste management practices.

3 GENERAL FRESHWATER MUSSEL INFORMATION

Freshwater mussels are located in rivers and streams of a watershed (Figure 12). They are
mostly sedentary bivalve organisms vulnerable to habitat changes; which make them great bio-
indicators to pollutants and sedimentation as they filter the water flowing down the watercourses.
Some of these threats to mussels’ survival are: the construction of infrastructures such as dams,
culverts and bridges; the residential developments; the agriculture or farming practices; the
forestry practices; the recreational activities; and some erosion and direct harm to mussels caused
by river crossings or fording sites used by ATVs and other vehicle in the watershed.

Petitcodiac Watershed Alliance Inc.
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Figure 12: An underwater photo of four Brook floater (Alasmidonta varicosa) mussels filtering
Little River, Petitcodiac Watershed.

Freshwater mussels also have a long lifespan determined by the dark lines visible on the
shell. Assuming each ring represents one year of age, most species can live up to about 100 years
and some species may sometimes live even longer (Paquet, A., Picard, 1., Caron, F., Roux, S.
2005; Nedeau, E.J., Beth I. Swartz. 2007; Nedeau, E.J., Victoria, J. 2003).

Mussels can also be a food source to other animals such as muskrat, raccoon and otter
that live around watercourses. Signs of predation can be observed during freshwater mussel
surveys. Muskrats tend to leave small shell piles, also known as middens on the side of the rivers
once they have feasted on their meal (Beaudet, A., Tremblay, E., Martel, A. 2002). These heaps
of shells can be useful to help researchers identify species of mussel that are present in a
watercourse. The PWA team has also often seen scattered broken shells by the riverside
accompanied by racoon tracks.

Freshwater mussels depend on fish species to reproduce. These aquatic organisms share a
commensalism relationship — an association between these two organisms in which the mussel
benefits from the fish, but the fish is neither harmed nor benefited directly from the mussel.
However, fish will benefit from the presence of mussels filtering the water in the ecosystem;
improving its quality.

Petitcodiac Watershed Alliance Inc.
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This biological interaction is the
connection to which freshwater mussel evolved
and adapted in its natural habitat to survive. To
briefly explain the biological cycle (Figure 13)
of freshwater mussels, the females release
several glochidia (the larvae stage of the
freshwater mussel) into the water at the end of
the mussel breeding season, a period that varies
by species, in hope that they will cling to the
fins or gills of the host fish that swim up-river.
Mussels feed on bacteria, algae and other
microscopic organic particles by water filtration.
When the glochidia have reached a certain size,
they fall into the stream bed to grow from a
juvenile stage to an adult mussel. They will only <
start breeding at the approximate age of six

years (Nedeau, E.J., Beth I. Swartz. 2007). Figure 13: A sketch of the freshwater mussel’s
biological life cycle and relationship with host fish.

4. THREAT TO THE BROOK FLOATER IN SOUTHEASTERN
WATERSHEDS INCLUDING THE PETITCODIAC WATERSHED

Freshwater mussels are found in small streams and rivers with cold temperatures. These
bivalves are important indicators of the ecological integrity of rivers. Mussels play an important
role in the filtration of water in watersheds. They are rather fragile and vulnerable living
organisms. They are sedentary individuals; they move very little in their habitat by setting foot in
the water.

4.1 NATURAL THREATS TO THE BROOK FLOATER

The decline of Brook floater (Alasmidonta varicose) population indicates a change in
habitat that may be affected by a natural cause. Common natural threats to mussels often include
predation, competition between mussel species, excessive sedimentation, flooding, and drought
periods (New Hampshire Department of Environmental Services 2005). Another threat to
mussels includes the decline in the population of potential hosts that they depend on to ascend
river tributaries.

4.1.1 Predators

Petitcodiac Watershed Alliance Inc.
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Predators of the mussel are mainly muskrats, raccoons, and otters. Muskrats will leave
small piles of empty shells (also called middens) on the river’s edge when they eat mussels.

4.1.2 Competition Among Mussel Species

Several species of freshwater mussels live in the same watersheds in New Brunswick.
Some species share and tolerate similar substrates of sand and gravel (Nedeau, E.J., Beth I.
Swartz. 2007 and Nedeau, E.J., Victoria, J. 2003). This substrate is often preferred by the Brook
floater (Nedeau, E.J., Beth I. Swartz. 2007 and Nedeau, E.J., Victoria, J. 2003). Certain mussel
species are found in higher abundance than others in the same habitat. According to New
Hampshire Department of Environmental Services 2005, competition between species is a threat.
The hypothesis that can be drawn from this is that when a dominant species thrives and adapts
better in a stressful situation than another, their population may increase in numbers and spread
into the important territory of the minority species. It may also consume the same food as the
declining species. As a result, the dominant species suffocates and stresses the minority
population, risking their disappearance from these areas.

4.1.3 Sedimentation, Drought and Flooding

According to the Stewardship Plan for the Protection and Restoration of the Habitat of
the Brook floater in watersheds of Bouctouche, Chockpish and Cocagne. there was an
observation of drought in a stream of the southeastern part of New Brunswick. It impacted
several individuals of Eastern pearlshell mussel that emersed and perished on the dried-up on the
stream bed.

Flooding is equally destructive to habitats. This type of natural event can saturate the
riverbank soil leading to river crossing washouts. In the case of such a sudden event, mussels
may be buried or smothered by sediment.

4.2 UNNATURAL THREAT TO THE BROOK FLOATER AND IMPACTS ON
THEIR HABITAT FROM HUMAN ACTIVITIES

The Brook floater habitat is sensitive to human activities. They can cause major changes
in habitat and water quality. These changes are probably the main cause of the population decline
of this mussel species. Broadly speaking, the changes have an influence in three major factors:
pollution, sedimentation, and climate change.

4.2.1 Pollution

Petitcodiac Watershed Alliance Inc.
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Pollution components primarily include chemical spills, agricultural or livestock runoff,
contaminants from industries, and pollutant from recreational activities such as crossing rivers in
all-terrain vehicles or other road vehicles (New Hampshire Department of Environmental
Services 2005). These are all forms of activity that eventually pollute and change the water
quality in rivers. All living organisms will inevitably be affected by this pollution and their
health may be at risk from it.

4.2.1.1 Agricultural and Farming

Agriculture and livestock farming practices can have an impact on the geomorphology
and the water quality of a watershed. The transitional zone between aquatic and terrestrial
ecosystems helps buffer the impact of human activities on freshwater habitat. They provide
excellent protection against soil erosion, habitat and wildlife corridors and shade from the tree
canopy that help cool down the water temperature in streams. ldeally, a wider buffer zone
covered with undisturbed dense vegetation of all root sizes will minimize sedimentation from
erosion and contaminants, carried by surface water runoff from entering the watercourses.
Contaminants such as bacteria from fecal matter and nutrients from fertilizers or pesticides affect
the water quality and increase the growth of aquatic vegetation that may lead to eutrophication of
water bodies that can be problematic for many living organisms.

Some existing lands in the region, used for several years, are not all following ideal
guidelines on the best land management practices that could lower the potential threat to species
at risk. The Watercourse and Wetland Alteration Technical Guidelines (2012) put in place by the
Province of New Brunswick Department of Environment allows agriculture activities within the
recommended 30-meter riparian zone. According to the feedback that the PWA has collected
from some agriculture river landowners located near Brook Floater habitat, they would find it
hard compromising on the buffer zone’s width to be wider than five meters, as they depend on
this available space for haying and providing food to their livestock. From some of the PWA’s
observation during habitat assessments, those riparian zones are: often made up of only grasses;
sometimes less than five meter of width; and often the wetland is drained and cut into leaving
five meter from the riverbank and altering within provincially significant wetlands.

Animal farming can also contaminate streams. Sometimes livestock have direct access to
the stream for drinking. The water becomes contaminated with animal feces increasing the level
of E-coli, increasing the level of fecal coliforms, changing the pH level and changing many other
aspects of water quality. In addition to contamination, livestock trampling on the riverbanks also
causes a lot of erosion resulting in excess sedimentation and siltation in the rivers. Agricultural
and livestock farms with poor land management practices are therefore contributing to adverse
changes in watersheds.

4.2.1.2 Urbanization

Based on the Fisheries and Oceans (2006) document "Ecological Restoration of
Degraded Aquatic Habitats: A Watershed Approach”, urban development also has an impact on
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watersheds. Some development actions play a role in water quality and stream flow modification
such as: road and drainage channel construction; wastewater infrastructure; and stormwater
runoff from new and old development sites. Often, the land on development sites is stripped of
its overlying vegetation and becomes compacted by machinery. This compaction creates surface
runoff because water can no longer be absorbed into the soil. As a result, contaminants and
sediments are often carried by runoff into the rivers. This runoff also causes erosion and affects
stream morphology. The habitats of the watersheds are bound to undergo some level of
destruction.

Contamination of rivers can also come from poor municipal lagoon systems and faulty
septic systems. Contaminants that reach rivers increase the presence of nutrients that are harmful
to ecosystems. These nutrients come from various materials: cleaning products, skin care
products, and fecal matter, waste, etc. They can encourage the spread of pathogens and other
diseases and increase the development of algae growth.

4.2.2 Sedimentation

The mussels are vulnerable to habitat change. The physical quality of fluvial habitats can
be impact by the changes in riparian habitats. Shoreline fragmentation, erosion and runoff
directly affect the amount of sediment that is transported into the water. Riparian degradation is a
common problem in the province's watersheds. This problem is often caused by: poor
environmental land management practices related to land esthetic appearance (including riparian
clearing), agriculture, ranching and forestry; urbanization; dam construction; bridge, culvert and
road construction; and recreational activities (e.g., crossing streams by all-terrain vehicle or road
vehicle). All these factors deteriorate the stability of the land and change the substrate of the
rivers. River habitats are affected by siltation and sedimentation. Excessive erosion and
sedimentation can bury or smother freshwater mussels if they aren’t adapted to tolerate high
levels of turbidity; blocking the mussels' filtration system leading to their demise (New
Hampshire Department of Environmental Services 2005).

Mussels are sensitive to changes in water quality. In fact, the introduction of pollutants
and sediment into rivers affects water quality in several ways: decreasing the level of oxygen in
the water; increasing the turbidity of the water; changing the temperature of the water; and
changing the pH of the water (New Hampshire Department of Environmental Services 2005).
Water conditions need to be at ideal levels for mussels and their hosts to thrive in the habitat.

4.2.2.1 Habitat Degradation

Shoreline fragmentation, erosion, and runoff are often caused by environmental
development on adjacent lands for aesthetic, agricultural, ranching, and urban development
purposes. In addition to the activities mentioned above, recreational activities also create damage
to riverbanks and habitats. One recreational activity that is often seen in the province is the
driving of vehicles (all-terrain vehicles and road vehicles) in rivers and on nearby trails. With the
increase of people establishing near rivers, it inevitably increases the amount of activity in these
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areas. Accelerated shoreline degradation is caused by these activities; introducing an excess of
sediment into the rivers and further increasing habitat instability. When the changes in habitat
occur too quickly, it causes stress on living organisms that don’t have the chance to adapt at a
gradual pace. As a result, many aquatic species are declining in numbers.

4.2.2.2 Forestry

Ideally, a vegetated riparian zone of at least 30 metres should separate a watercourse
from any land use activity. The forestry industry has had an impact on rivers since its existence
in the province causing a long-term nuisance. Cleared areas have affected the geomorphology of
the watersheds and the riparian zones. However, some areas are still almost or not disturbed by
these activities. The main impacts deforestation can have on the watershed is: the added input of
water from surface water runoff as it’s no long being absorbed by the tree coverage; the increase
in sediment and nutrient inputs transported by the runoff from the roads and vehicles; and the
increase in water temperatures.

4.2.2.3 Transportation Infrastructure

Transportation infrastructure plays an important role in sediment flow. The construction
of roads and bridges inevitably disturbs the land near rivers. A bridge structure must be well
planned and constructed. The installation of a culvert pipe must be the right size and properly
placed to allow the stream to flow normally and minimize the impact on ecological integrity.
During such construction, a large amount of sediment can still discharge into the watercourse if
the proper precaution isn’t taken such as installing silt fences. Once construction is complete, this
freshly dislodged and exposed soil can easily get washed into the stream by rainfall if it is not
well covered by vegetation. If a culvert pipe is improperly placed, erosion can alter the stream by
changing the substrate and/or banks and exposing the pipe out of the water creating an outflow
drop that become a barrier to fish passage. A blockage of drainage can also cause sediment to
build up in certain areas and permanently alter the hydrologic pathway. Other factors that can
interfere with sedimentation and natural drainage include poorly maintained roads, unstable
bridges and inadequate drainage channels.

4.2.2.4 Exploitation in Quarries and Mines

There are no major mining industries in southeastern New Brunswick, but there are small
quarries in the area. The quarries present are places where construction materials such as stone
and sand are extracted. The work sites are often open-pit, or on the hillside to a depth of several
metres. These industries can also exploit loose rocks (scree, alluvial), massive rocks
(consolidated sedimentary rocks (limestone and sandstone)), and eruptive or metamorphic rocks
(granites, quartzites, schists, basalts and others). Precautions are encouraged for industries
located near waerways to reduce sediment runoff into streams.

Petitcodiac Watershed Alliance Inc.



25

4.2.2.5 Transportation and Recreational Activities

A common problem that is observed in the rivers of the province is the excess of
sediments such as silt and sand that accumulate in certain areas. Excessive sediment can cause
stress on the life of the mussel; either by blocking the filtration system or by burying the
organism. One of the causes of this problem is due to the traffic (all terrain vehicles and road
vehicles) that passes through nearby trails and river crossing. In fact, these recreational activities
are becoming more frequent and are doing a lot of damage. The soil on the roads is always
exposed and the sediment is carried by rainfall into the waterways. Erosion will always affect
aquatic habitats unless there are changes to the design of these intersections or re-locating mud
bogging activities.

4.2.3 Climate Change

Climate change is a continuous disruption of climate parameters (temperature,
precipitation, and winds). Global temperature is still increasing according to Statistics Canada
(Figure 14).
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Figure 14: Variation of years in relation to the global average temperature (Statistics Canada 2007-2008)

This increase is due to the contribution of greenhouse gases emitted by human activities.
Normally, the temperature would still increase gradually without the human impact. However,
human activities are accelerating this global temperature change. According to statistics, fossil
fuel emissions began in the late 1800s. However, gas emissions in general have grown
exponentially since the 1950s. The more gases are emitted into the atmosphere, the more
ultraviolet radiation remains in the atmosphere and increases the temperature of the Earth. The
increase in global temperature contributes to other changes such as: increased weather events
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(storms, precipitation, drought, etc.); thawing of permafrost containing methane (CH4); melting
of polar ice and glaciers increasing the absorption of solar radiation by the land; rising sea levels;
and increasing water temperatures.

Climate change is likely to worsen living conditions on Earth for many living species.
Indeed, rivers are already undergoing changes through erosion and sedimentation resulting from
heavy rainfall and winter ice. Their drainage is also affected by floods and droughts. The climate
IS changing so fast that living organisms are struggling to adapt and survive the new conditions.

5. THE VISION OF THE BROOK FLOATER HABITAT STEWARDSHIP
PLAN FOR THE WATERSHED

5.1 THE GOAL

The PWA takes charge of the stewardship plan for Brook floater in the Petitcodiac
watershed to focus actions that aims to protect and restore the habitats of the species at risk in the
watersheds.

5.2 THE OBJECTIVES

The goals of the stewardship plan will remain realistic depending on field conditions,
permission from landowners to access the rivers, and resources available to conduct monitoring.
There are four main objectives.

First, the PWA aims to monitor freshwater mussels and freshwater habitat conditions in
the watersheds to obtain a documented inventory including: identification of mussel species;
distribution and abundance of mussels; and location of the species of concern (i.e. Brook floater).
Data collection on water quality and habitat conditions will also be monitored during the project.

Secondly, the organization aims to continue outreach to the landowners and river users to
raise awareness on species at risk, threats to their habitat and to their host fish.

Third, the PWA aims to reduce or eliminate the human impact on freshwater habitat by
promoting the best environmental land management practices.

Fourth, the organization aims to undertake improvement efforts in rivers and riparian
areas that will reduce the threats to the species.

5.3 THREATS AND ACTIONS
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There are no specific sites targeted for stewardship plan actions. The actions are
structured to be applied in general to the watersheds depending on where Brook floater or
potential species at risk habitat are located. These actions are also structured to be applied in the
future if necessary. As soon as the species of concern or potential habitat is located in the
watersheds, the PWA can survey the land surrounding this area to identify potential landowners
to work with and initiate actions to reduce or eliminate he threats.

5.3.1 Stewardship Plan Concerns and Actions

General Concerns

Actions

Presence or Absence of

Inventory: continue freshwater mussel monitoring research to

Species at Risk locate Brook floater.
Continue to monitor watershed water quality
Continue to monitor freshwater habitat conditions for potential
threats

Residential Promote the best environmental land management practices to

better design residential land.
Outreach education and awareness.

Agriculture and Livestock
Farming

Promote the best environmental land management practices to
better develop the land for agriculture and livestock farming.

Outreach education and awareness.

Urbanization
(drainage, wastewater infrastructure,
surface water runoff)

Promote the best environmental land management practices to
better develop urbanized land.
Outreach education and awareness.

Forestry
(sedimentation and inadequate
riparian zone)

Promote the best environmental land management practices to
better manage tree harvest and deforested land.

Habitat restoration: improve riparian areas, plant native trees,
shrubs, and meadow grasses.

Outreach education and awareness.

Transportation and
Crossings Infrastructures

Promote the best environmental land management practices to
better manage transportation infrastructures.
Outreach education and awareness.

General public, recreational
activities

Protection of natural habitats that have minimal disturbances
(e.g. wetlands and old forested areas).

Habitat Improvement: restore riparian areas; plant native and
well adapted trees, shrubs, and meadow grasses; and apply
biodegradable and natural stream restoration techniques to add
stability in accordance with the river’s natural dynamic.
Outreach education and awareness.

5.3.2 Specific Details of Actions
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5.3.2.1 Recommendation on Freshwater Mussel Visual Survey

The method used by the Petitcodiac Watershed Alliance to survey freshwater mussel in
the Petitcodiac watershed was suggested by the New Brunswick Museum (NBM) experts, Don
McAlpine and Mary Sollows, to best re-evaluate the 66 sites surveyed by Hanson and Locke
with the Department of Fisheries and Oceans (DFO) in 1997-2000. The PWA team will attempt
to conduct mussel surveys on most of these sites, but it will be challenging to replicate that work
exactly in the span of three years. These surveys will serve as a guide to obtain current data on
presence of freshwater mussel species. The data collected, however, will not confirm any
absence of a mussel species as they can easily be missed during the search. An NBM expert
informed the PWA: “one can rarely be certain about absence of a species, but with a timed
survey the PWA and its stakeholders will have some bounds on the search effort and make a
judgment on the probability that the area was search intensively enough.” The PWA’s mussel
specialist has written “The Protocol for Freshwater Mussel Surveying in the Petitcodiac
Watershed”, in which the method is detailed. This method will be respected for future site
follow-ups, in order to help keep data on mussel species and habitat as accurate and consistent as
possible and to ensure a good comparison from one year to the next.

The survey method recommended is a
semi-quantitative survey, which consist of a
timed survey over a defined area. A search of
100 meters up and downstream of a GPS point
is recommended by Don McAlpine (Head
Department of Natural Science Research
Curator and Head, Zoology Section, New
Brunswick Museum) to achieve the best
comparison to the 1997-2000 qualitative
surveys sites and also to provide a baseline that
others can replicate for future surveys. This
means, 200 m of intensive search should be
conducted at each site. However, it may take a

few years to complete this goal. PWA’s goal Eimira 15+ Erachuatar mitceal oinsevinn with
for project will focus on completing all of the Upstream

accessible sites by intensely searching at least A &
100 meters at each site, which can take the | b

team between 2-6 hours of searching, S T T
depending on the mussel’s abundance. reshwater s of Maritime :
Ar?other %LOO meters of timed search will be A Fiuchened Guide

added to each site to eventually achieve a total
of 200 meters. This approach will have value
in counting freshwater mussel individuals
encountered by species.

The PWA team has relocated the 1997-
2000 sites’ coordinates as precisely as possible
using the Global Positioning System (GPS).
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The sites were pre-measured to at least 100 meters length. Information such as the search time,
GPS coordinates (at the four corners of the sites, start to finish), habitat characteristics, signs of
predators (e.g. tracks, midden), site photos and water quality measurements were documented for
each site. To conduct a freshwater mussel survey (Figure 15), a team of three people is best to
achieve a safe and successful monitoring; two staff members wore wadding boots and searched
the designated sites using waterviewers (also known as a bathiscopes) to locate freshwater
mussels; while the third individual documented the data and took turns on the searching efforts
to ensure employees wouldn’t get hurt when crouching for long periods of time to locate the
mussels. To guarantee the most accurate data, a thorough sweep was conducted while walking in
a ‘zigzag’ motion (Figure 16), heading upstream of the site to minimize the disturbance on
substrate and mussels. During the monitoring, the mussels are hand-picked from the substrate,
identified, and counted in a non-destructive approach, and then put back in the same position as
found into the stream bed. According to Haag and Commens-Carson (2008), carefully handling
freshwater mussels for a short period of time does not affect their short-term mortality.

The PWA had received training through a workshop provided by Darlene Elward, an
experienced staff member, on how to conduct freshwater mussel surveys and how to identify
different species of mussels found in New Brunswick. Ms. Elward has provided her expertise
during the surveys, while consulting the Freshwater Mussel Field Guide of Maine and the new
Freshwater Mussels of Maritime Canada: a Flashcard Guide (Figure 17) provided by New
Brunswick Museum, which helped in confirming the team’s findings.

With a scientific fishing license
approved by the Department of Fisheries and
Ocean, the PWA was also permitted to hold on
to a small number of individuals per species at
each site, in the purpose of having NBM’s
experts confirm  mussel identifications.
Voucher samples are important to confirm and
validate the data collected from the monitoring - R T
efforts. The live samples were collected from . e
the sites and frozen along with all its detailed —
information to facilitate their cataloguing
(Figure 18): watershed group, collector’s name,
watershed and river location name, access
information, site name, date collected, GPS site
coordinates, and species’ scientific name
suspected. These vouchers are then brought
to the New Brunswick Museum Archives for species identification confirmation, mussel tissue
processing and storage. Upon request, groups can visit the archives’ collection to expand their
knowledge on species identification.

Figure 18: Example of detailed information to include
with voucher samples when sending them to NBM.
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5.3.2.2 The Potential Threats Detected During the Freshwater Mussel Survey 2018-2022

2018 - Results from Threat Assessment in the Petitcodiac Watershed

DR DL UR UL

0T~ | 460042, - | 460081 - | 4600261 - ?)8822;22%1188 Infrastructures (bridge upstream), tall grass;s ;ut in wetlznd (right bank) and predators (emty mussel
FWMPR16D2018 |Petitcodiac ~[Petitcodiac River |Downstream Ree 112 bridge [065.03320°  [065.03259°  [065.03383°  [065.03318° - 4 | w0 | 658 shel satered)

s60sr, - | 602152 - | 4602089 - | 4602067 - | 08282018 Infrastructures (bridge dt:)wnls(trea:), rzﬂdentlal [and use (Ilefth blalnk), tall gr:sses cut in wetland (right
FWMPR16U2018  |Petitcodiac ~[Petitcodiac Rver [Upstream Rte 112 bridge  [065.03465°  [065.03415°  [065.03529°  [065.03482° 1| | 5% ank| and predators femty mussel shelscattere)

s, - | oy - | 46003y, - | 6017 - ?)882(122%1188 Infrastructures (bridge upstream), (sjome sed|mentat|or: (k;a:\lk ea;oswnk), agriculture land use nearby and
FWMLR0202018 |Petitcodiac [LtdeRver  |Downstream Rte 112 bridge [065.02198  [065.02201°  [065.02332°  [065.02320° o 4| w0 | 2578 prdtor ety mussel shels andtracks]

360017, - | 4602031° - | 4601561, - | 4601968 - (())9911122(;112, Infrastructures (bridge downstream), some sed|m(:)ntat|on (bank erosion) and agricuture land use
FWMLR 02U 2018  |Petitcodiac |Little River Upstream Rte 112 bridge  (065.02187°  {065.02181°  {065.02098°  |065.02080° o 5 100 19485 nearly

360347, - | 60035 - | 4602267, - | 602277 - | c9m2018 Some sedimentation (bank erosion r;ea"rby), agncu(ljture Ia;f us: nearby and predators (emty mussel
FWMIROLU20I8 |Petitcodiac |litdeRiver  |Upstreamofmouth  |065.02470°  |065.02441°  |065.02392°  |065.00376° Y | w0 | s shllraccoon den and race|
- |n v [ s [ e [

Figure 19: Results on potential threats from the site assessments 2018.
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2019 - Results from Threat Assessment in the Petitcodiac Watershed

GPS Coordinates - Latitude, Longitude (DR - Downstream . . Area
) ) Time | Distance
: : Right Bank, DL - Downstream Left Bank, UR - Upstream Right {Date (mm-dd- searched
Site Name | Watershed River Access . searched | searched Threat Observed
Bank, UL - Upstream Left Bank) (*Looking upstream) yyyy) (Sq
(Hours) (m)
meters)
DR DL UR UL
Route 112, Mollins Rd,
downstream of bridge, N46.00579, W- [N96.00526, W- | N46.02291°, W| N46.02261°, W| 06-10-2019 Infrastructures (bridge upstream), box net installed, some sedimentation (bank erosion)
FWM R 04D-2019  [Petitcodiac |Little River Bridgeis near Mollins Rd  |064.98397 064,98421 065.03383° 065.03318° 3 100 2,491.80
Upstream bridge it River, |V45.95740° W0 [NA5.95724°W0 |N45.95795° W0 |45.95780°W0 | 06112019 Infrastructures (bridge do:]vnljtrearrt\t), aiglcult‘llj(;eladr?d ne:rche?Lte,EredaFors) (tracks and emty mussel
FWMIRO5U-2019  [petitcodiac |LittleRiver  |Nixonbr,895 ontoNixonrd [69.95385°  [6495390°  [6495505°  [64.95514° s | 100 | 269310 SIS SCARRree), MRESCHineTaton 19afik cosion
. . . . 06-13-2020. 06 . . ) . )
Passed the coverd on N45.99570°,W0 [N45.99584° W0 [N45.99506°W0 [N45.99519°W0 142020 Infrastructures (bridge upstream), agriculture land upstream, severe sedimentation (bank erosion)
FWM PoR 01 D-2019 |Petitcodiac  [Pollett River Powers PitRd ( approx.300) [65.09071° 65.09044° 65.08979° 65.08948° ’ 4 100 2,562.20
Route 106, between Reeder 06-17-2020.06 Agriculture land near the site, tall grass being cutin riparian zone, a river crossing upstream that seems
and Scott Road, upstream  [N46.01348° W0 [N46.01319° W0 [N46.01295° W0 [N46.01258°W0 -18-2020l to be used to cross their bigger vehicles (bigger than atv tracks), some sedimentation (bank erosion),
FWMPR 17 U-2019  |Petitcodiac [Petitcodiac River [from french brook 65.06470° 65.06435° 65.06577° 65.06543° ” 35 100 437820 predators (tracks and emty mussel shells scattered)
T . . . . 06-29-2020. 06 . ) . .
Petitcodiac River, StoneCrop [N46.0504° W06 |N46.00463° W0 |N46.00542° W0 [N46.00513° W0 302020 Predators (emty mussel shells scattered), mild sedimentation (bank erosion)
FWM PR 18 U-2019  |Petitcodiac [Petitcodiac River |Lane off of Salishury Rd. 5.07272° 65.07304° 65.07394° 65.07410° ’ 3 100 4,413.30
NA5.99774° 0. [NA5.99756° W0 [Na5.99744° W0 [Na5.99706° W0 07222(32(3 07 Infrastructures (covered bridge downstream), aegr:;u()l:;reland use nearhy, some sedimentation (bank
FWMPR19U-2019  |Petitcodiac ~|Petitcodiac River [Powerpitrd, at the bridge. ~ (65.09127° 65.09101° 65.09234° 65.09228° ) 7 100 431160
Bridge off SanitoriumRd,  |N45.98139°W0 [N45.98124°W0 [N45.98107° W0 |N45.98091° W0 Ogﬁizig 08 Infrastructures (bidge upstream), 'z::mr:t;;‘;:'(”:ai';::::;’r‘; edge of the ive (ight bank), some
FWMPR20D-2019  [Petitcodiac |Petitcodiac River [RiverGlade, NB 65.10869° 65.10862° 65.10987° 65.10971° ’ 4 100 2,662.90
Highway 1 exit to river ) ' ) ' . ) )
Glade upstream of highway |N45.97304°W0 [N45.97283°\W0 [N45.97258° W0 |N45.97245° W0 08212%2 0 Infrastructures (h'gh‘"’a‘gb”dgtedwm"‘;a:‘)’ m("dSEd'me”tlatL"Tl(ba”;:mk“’)")'Ca”””ky”d nearby
! - ownstream, predators (emty mussel shells and tracks
FWMPR21U-2019  [Petitcodiac |Petitcodiac River [bridge 65.13098° 65.13085° 65.13214° 65.13201° 5 100 3,422.70 P Y
I - s | w0 [ woss [

Figure 20: Results on potential threats from the site assessments 2019.
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2020 - Results from Threat Assessment in the Petitcodiac Watershed

DR DL UR UL

::cdriesls“'zzlekfiue’:;ttejﬁe N46.01855°W06 [Nd6.01847°W06 |Na6.01757°W06 [N46.01767 W06 | 06-18-2020 Agriculture land surrounfiing the site used for haying with less than 5m buffer, some sedimentation (bank
FWM R 03 D-2020  |Petitcodiac |Little River other side of the river bend [5.01798° 5.01785° 5.01830° 5.01806° 267 100 | 1,847.10 erosion) and predators (tracks and emty mussel shells scattered)

Ltte River, access on NES.89241° NES.89235° NAS.8916° NE5.89154° 06:26-2020 Infrastructures (bridge upstream), agricullture Iaer near the sitg, predators (tracks a-nd emty mussel shells
FWMIR07D-2020 |Petitcodiac |LttleRiver  |Wilson Rd offof 895 WO49705°  W064.97039° |W06497132° | Wo6497118° 3 100 | 173220 scattered), some sedimentation bank erosion) and old dump site

Petitcodiac, Petitcodiac Infrastructures (amoured rock bank), severe sedimentation (bank erosion), agriculture land near the site,

trail at Renfrew street N45.94154°W06 |N45.94138°W06 |N45.94081°W06 [N45.94068°W06 | 06-25-2020 municipal lagoon near the site, land management (buffer -30m), great amount of algae in the water and predators
FWM PR 22 U-2020 |Petitcodiac  |Petitcodiac River |beside cemetery 5.17693° 5.17683° 5.17786° 5.17764° 1.84 100 | 1,734.00 (emty mussel shells and tracks)

Petitcodiac River at Mill

Road near Anagance River  |NA5.92884°W06 [N45.92884°W06 [N45.92971°W06 |N45.92967°W06| 07-27-2020 Predators (emty mussel shells and tracks) and some residential area was seen upstream of the site
FWM PR 23 U-2020  |Petitcodiac  |Petitcodiac River |mouth 5.18613° 5.18593° 5.18652° 5.18642° 267 100 | 1,391.40

At the mouth of Anagance

River at Mill RD bridgein  [N45.92817°W06 [N45.92802°W06 [N45.92786°W06 |N45.92781°W06| 07-16-2020 Infrastructures (bridge upstream) and human activities (trash)
FWMAR01D-2020 |Petitcodiac [Anagance River |Petitcodiac village 5.18645° 5.18639° 5.18768° 5.18763° 417 100 | 122030

Petitcodiac village, N4S.92481°W06. |N45.92485°W06 Nas 92514°W06 Nas 92516°W06 | 08052020 Infrastructures (covered bridge upstream), human activities (trash), severe sedimentation (bank erosion) and
FWM HoB 01 U-2020 [Petitcodiac |Holmes Brook  [mainstreet Holmes Brook  |5.18657° 5.18657° 5.18528° 5.18527° 15 100 645.20 predators femty mussel shell and tracks)

North River at bridge Corn  |N45.9388°W65.1 [N45.93871°W06 [N45.93924°W06 |N45.93895°W06 | 08-20-2020 Infrastructures (bridge downstream) and predators (emty mussel shells and tracks)
FWMNR 01 U-2020  [Petitcodiac |North River Hill Rd. 9786° 5.19813° 5.19920° 5.19916° 29 100 | 2,071.60

Infrastructures (highway bridge downstream), agriculture land on one side of the site used for haying with less

North River at HWY 885 N45.96151°W06 [N45.96144°W06 |N45.96215° W06 |N45.96213°W06 | (09-04-2020 than 5m buffer, severe sedimentation (bank erosion), human activity (trash, fire and pleasure crafts), predators

FWM NR 02 U-2020  [Petitcodiac  |North River Petitcodiac. 5.19885° 5.19897° 5.19951° 5.19962° 2 100 | 1,535.70 (emty mussel shells and tracks)
Total 18.08 800 121775

Figure 21: Results on potential threats from the site assessments 2020.
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2021 - Results from Threat Assessment in the Petitcodiac Watershed

DR DL UR UL

Petitcodiac - BreauCreek Rd,

Memramcook Memramcook, at the Haut- |N45.96975°, N45.96983°,  |N45.96929°,  |N45.96936°, 06-02-2021 Grass being cut in riparian zone
FWMBC01-2021  [sub watershed |Breau Creek du Ruisseau Nature Park | W064.51097°  |W064.51097° |W064.51010° |W064.51004° 150 100 773

Petitcodiac - BreauCreek Rd,

Memramcook Memramcook, at the Haut- |N45.96915°, N45.96920°,  |N45.96878°,  |N45.96881°, 06-03-2021 Trail nearby and some human activities
FWMBC02-2021  [sub watershed |Breau Creek du Ruisseau Nature Park | W064.50986°  |W064.509816° |W064.50874° |W064.50871° 105 100 766

Petitcodiac -

Memramcook Exit #482, Stony Creek, N46.04138°, N46.04142°,  |N46.04189°,  |N46.04197°, 06-07-2021 Infrastructures (bridge downsteam)
FWMSC01-2021  [sub watershed |Stony Creek upstream of the road W064.56346°  |W064.56352°  [W064.56266° |W064.56264° 45 100 685

Petitcodiac -

Memramcook Memramcook East Rd, at ~ |N46.03871°, N46.03871°,  |N46.03850°,  |N46.03854°, 06-14-2021 Agriculture land near the site, Infrastructures (bridge upstream)
FWMSC02-2021  [sub watershed |Stony Creek Paul Dupuis' place W064.53249°  |W064.53249°  [W064.53060° |W064.53052° 25 150 674

Petitcodiac - Downstream of lake at

Memramcook Smith Creek on Sifroid sreet |N46.02599°,  [N46.02599°,  |N46.02645°,  |N46.02640°, 06-17-2021 Infrastructures (culvert upstream), predators (tracks and emty mussel shells scattered)
FWMSmC01-2021 [sub watershed |Smith Creek off of Old Shediac Rd. W064.58429°  |W064.58433°  [W064.58514° | W064.58524° 69 100 384

Petitcodiac -

Memramcook Memramcook River, N46.07098°, N46.07100°,  |N46.07120°,  |N46.07130°, 06-24-2021 Infrastructures (bridge upstream)
FWMMR01-2021  [sub watershed |Memramcook River |Aboujagan Rd. W064.44863°  |W064.44858°  [W064.44732° | WO064.44736° 95 100 1057

Petitcodiac -

Memramcook Memramcook River, N46.07084°, N46.07088°,  |N46.07089°,  |N46.07096°, 07-08-2021 Foretry (cut trees nearby), Infrastructures (bridge downsteam)
FWMMR02-2021  [sub watershed |Memramcook River |Aboujagan Rd. W064.44526°  |W064.44527°  [WO064.44406° |WO064.44417° 90 100 780

Petitcodiac -

Memramcook N46.09156°, N45.09148°,  [N46.09118°, | N46.09113°, 07-13-2021 Infrastructures (culvert upstream), Litter (trash)
FWMMB01-2021 |sub watershed |Meadow Brook Calhoun Rd. Meadow Brook |W064.59398°  |W065.59402° |W064.59501° |W 064.59502° 75 100 732

Figure 22: Results on potential threats from the site assessments 2021.
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2022 - Results from Threat Assessment in the Petitcodiac Watershed

DR DL UR UL
North River, Bridge on ) o ] )
Petitcodiac Fawcett Hill i near N5 98889", NIS98896",  |NAS989810°, [NAS.98983° 082220 Bridge nearby, a lack of riparian zone (Ies.s than 5m) that was possibly used for agriculture and
FWMNRO3U-2022 |watershed  [North River Intervalle Rd, Downstream | W065.19830° | W065.19844° | W065.19804° | W065.19825° 130 | 100 | 1435 erosion vas moderate
Bridge nearby, human activity (i.e.tubes, litter), riparian zones was less that 30 m, cut grass and
Pollet River, Sanitorium Rd 08292023 shrubs in riparian zones was less that 30 m,he riparian zone to create clean beach area using
Petitcodiac Bridge, near Salisbury Back  [N45.97245°, N45.97229°,  |N45.97234°,  [N45.97206°, big machinery to cut at edge of river, predation signs (scattered shells), and erosion was
FWMPoR02U-2022 |watershed Pollett River Rd, upstream of bridge W065.08495°  |W065.08485° |W065.08625°  |W065.08629° 180 100 2786 moderate.
Bridge nearby, cabin in the riparian zone, vehicle tracks (i.e. the land on one side was used for
polltt River, ridge on 09:01-2021 the‘p?;'aula.r mud bog before the ;)'aeremic, which restableliz? with vegetati'on a Iitt'Ie?, jhuman
petitcodiac Sanitorium! Rd near Route | N45.90754°, NISSO7SA  [NA5.S068S°,  |NaS 90681, activities '(l.e.people and dogs swiming), 2 small m?n-n?ade C|rcu|a'r rock weir containing many
FWMPOR04D-2022 |watershed  [Pollett River  |905, downstream of bridge. |WO065.08591°  [W0G5.08564° | W065.08653° | W065.08615 90 | 100 | 202 ive Eastern Pearishell mussels purposly piled i, and erosion was moderate..
Bridge nearby, a freshly made dirt road accessing the river (no silt fence was installed), lots of
Little River, Bridge on Route 09:02-2022 sedimentation was coming from the new access. vehicle tracks present, one crushed live
Petitcodiac 895 near Proser Brook, N45.86578°, N45.86576°,  |N45.86655°,  [N45.86653°, mussel, predation signs (scattered shells), riparian zones was less that 30 m, and erosion was
FWMLR08D-2022 |watershed Little River downstream of bridge W064.98519°  |W064.98531° |W064.98575° |W064.98589° 145 100 993 moderate.
Pollett River, Bridge on
Petitcodiac Parkingdale Rd near Eldon ~ [N45.88805°, N45.88810°,  [N45.88719°,  [N45.88734°, 09-16-2022 Bridge nearby, and riparian zones was less that 30 m on a section.
FWMLR08D-2023 |watershed Pollett River Kay Rd W065.09458°  |W065.09435° |W065.09401°  |W065.09364° 120 100 2592
Tota s | s [ ossor [

Figure 23: Results on potential threats from the site assessments 2022.
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5.3.2.3 Promote the Best Environmental Land Management Practices to Reduce Erosion and
Runoff into Waterways.

Promotion of the best environmental land management practices can be distributed, for
example, through social media posts, workshops, presentations, handouts, display booths, etc.
The goal is to inform riverfront landowners and river users and encourage them to help protect
aquatic life and conserve freshwater habitat through positive tangible actions.

General Concerns The Best Environmental Land Management Practices

Residential e Reduce the use of fertilizer or chemicals (herbicide and pesticide) and use products
that are not toxic.

e Do not cut the grass too short or too often.

e Leave a buffer zone of approximately 30 m between the watercourse or wetland
and the landscaped land.

e |Leave uncut native plants (i.e. trees, shrubs and grasses) in the riparian zone.

Agricu|ture and | ® Soil conservation - rotate the crop.
Livestock e Cover cropping - planting cereals in the inter-rows of the crop in order to balance,

- nourish and aerate the soil.

Farmlng e Know what to use as fertilizer or product (pesticide) that are not toxic.
e Leave field windbreaks.

e Manure management - terracing system reduces erosion.
e Waste management.

e Grazing management.

e Fencing.

e  Watering hole.

e Restrict access to watercourse.

e | eave farmyard windbreaks.

Quarrying * Leave ariparian zone of approximately 30 m between the watercourse or wetland
and the exploited land.

e  Construction of dirt roads away from watercourses and well maintained.

e Erosion control on exposed land, drainage channels and crossings.

Forestry e Leave ariparian zone of approximately 30 m between the watercourse or wetland
and the tree harvesting land.

Type of cuts in relation to the land: clear-cut or selective.

Avoid the use of pesticides.

Replanting diverse tree species.

Construction of dirt roads away from watercourses and well maintained.

Erosion control on exposed land, drainage channels and crossings.

Leave a riparian zone of approximately 30 m between the watercourses or wetland
and the developed land.

Erosion control on exposed land and drainage channels and crossings.

Maintain and clean of roads, streets and stormwater drainage systems.

Porous surfaces for courts or parking lots and maintenance of them.

Add green infrastructures, plant or leave vegetated areas.

Maintain or update septic tank, sewer and wastewater treatment system regularly.

Urbanization

Proper construction and maintenance of roads and bridges.
Erosion control of exposed soil and drainage channels.
e Good planning at the installation of a culvert pipe.

Transportation
and Crossings
Infrastructures
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5.3.2.4 Protection of Natural Habitats

Parcels of land that are left in a natural state should be protected as much as possible. The
owners of these lands should be made aware of the importance of preserving habitat in its natural
state. If landowners are planning to develop these lands in the future, it is important that they are
aware of the best environmental land management practices to minimize negative impacts on the
environment and freshwater ecosystems.

5.3.2.5 Outreach Education and Awareness

The PWA uses the most cost-effective methods to deliver educational information about
the species at risk to riverfront landowners and river users. One method is to distribute handouts
containing the information needed to recognize the existence of the species at risk, understand its
importance in the watershed, and learn about the actions that can help protect them. A second
method is to host workshops, presentations, and/or display booths to raise awareness on the
subject; to transmit information on the best environmental land management practices and
actions that can help protect the species of concern. In addition, the organization aims to partner
with various governmental departments to help promote the best land management practices for
specific sectors (i.e. agriculture, livestock farming, urban development, forestry and
transportation).

5.3.2.6 Watershed Habitat Improvement

The quality of freshwater habitats is affected by three important factors: pollution,
sedimentation, and climate change. There are ways to help remediate these anthropogenic
impacts to improve habitat quality. Some of the ways to increase climate change resiliency
include: education to the public on lifestyle changes that make a difference (i.e. reduction of
waste, energy use and carbon emissions); increasing green infrastructures; and protecting natural
habitats especially near wetlands and watercourses. When it comes to pollution or sedimentation
problems, a proper assessment is needed before remediation is performed. The best remediation
techniques include: addressing the problem on the ground and promoting best environmental
land management practices to the landowner; and planning for the appropriate remediation
approach to help with habitat and species at risk recovery.

Land developed for residential, agricultural, livestock farming, forestry, quarrying and
urbanization, transportation and recreational activities that are involved often negatively impacts
watershed habitats through surface water runoff, erosion, sedimentation, and contamination.
Restoration of such problems requires careful planning and legal permissions before the work
can be implemented. Restoration includes: planting vegetation; installing fencing to prevent
livestock access to the stream; stabilizing fording sites; stabilizing stream banks; and installing
stream flow deflecting structures (digger logs, log deflectors and rock sills). In some cases,
planning may also include other components such as: funding applications, landowners,
volunteers, training courses, material, equipment, permits, education, consultants, and
machinery. Basically, a restoration project can become costly depending on the recommended
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plan to improve the habitat quality. Some restoration techniques are mentioned below this
section, but consult with the latest Fisheries and Oceans Canada’s version of the document
"Ecological Restoration of Degraded Aquatic Habitats: A Watershed Approach™ (Fisheries and
Oceans Canada, 2006) for more information on bank stabilization. An update to this document is
expected in the future.

5.3.2.6.1 Re-vegetation

By planting trees, shrubs and meadow grasses in unstable riparian areas, the roots form a
diverse network of root systems that naturally holds the soil in place and restabilizes the
riverbanks. The PWA ensures that the vegetation planted are species native to the area. Some
species including alders, maples, and willows are often planted to help restore buffer zones as
they are well adapted to dynamic watercourse conditions. Alders and willows especially can
easily be propagated from cuttings and their roots establishes quickly. On occasion, erosion
occurs so quickly that the vegetation doesn’t always have a chance to become well established
resulting in some damages or re-adjustments by the watercourse. The river will choose the
easiest drainage path. In some cases, re-vegetation alone won’t always do. It needs to be
combined with other techniques.

The benefits of vegetation:

Improves bank stability

Improves water quality

Improves water temperature

Improves habitat quality

Increases food source

Increases biodiversity

Reduces erosion and surface water runoff

Reduces sedimentation, nutrient and other contaminant inputs
Sequester carbon

5.3.2.6.2 Fencing for Livestock

Preventing livestock access to streams and riparian zones is one way to improve the
quality of freshwater habitats. By preventing the animals to trample the riverbanks and the
transitional area, it allows the vegetation to grow and help minimize erosion and contamination.

The benefits of installing a fence:

Improves bank stability

Improves water quality

Improves habitat quality

Improves livestock health

Reduces E-coli and other nutrient contaminants

5.3.2.6.3 Stabilizing Fording Sites
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These crossings are regularly used to cross livestock and farm equipment. By ensuring
the stability of the sites, the crossings will be safer and there may be less contamination and
sedimentation in the water.

The benefits of stabilizing fording sites:
Reduces bank erosion

Improves livestock health
Improves habitat quality
Reduces contaminants in streams

5.3.2.6.4 Bank Stabilizing

Bank stabilization helps to reduce erosion and sedimentation that impacts freshwater
habitat quality. Different methods can be used to stabilize stream banks depending on their
condition.

Backslopes or tapered banks are a good method in less severe cases and in small, slow-
moving streams. It allows the river to flow better and access the flood plain during higher water
levels. This is usually combined with re-vegetation to add stability. Large rocks are placed to
form the toe in front of the eroded bank, at the minimum water level line, followed by a reverse
slope to the maximum water level line to disperse the water as it rises. Sediment eventually fills
this sloped area as part of the stream.

Installing a natural-based brush matting to the exposed soil is a good method in less
severe cases as well. This biodegradable structure is built from several layers of weaved
malleable live cuttings and tree bows that are secured to wooden stakes. It essentially captures
suspended sediments to stabilize the deteriorating riparian zone and gives a chance for the
vegetation to re-establish. A few live cuttings are usually planted in the brush matted section to
re-vegetate the bank.

Rock armoring or riprap are used for extremely unstable banks that require urgent
restoration. This structure, when done properly, can last long time but it doesn’t stop erosion. It’s
not the most efficient method long-term. The disadvantage of this method is that erosion can
occur all around the structure and create new problems elsewhere. It often increases the water
flow and transfers the energy on a neighboring unarmored bank that get eroded more severely.
Log ripraps are also used for extremely unstable banks. The main difference is the material used.
The method consists of a parallel stack of large tree trunks anchored against the eroded bank.

Benefits of stabilizing banks:
e Reduces sedimentation

e Improves habitat quality
e Maintains bank stability

e Preserves topsoil and vegetation
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5.3.2.5.5 Installing deflectors

The installation of an instream deflectors can be used to divert the flow in a different
direction and reduce further bank erosion. They have to be installed correctly otherwise it may
encourage the river to erode another bank downstream or upstream.

The benefits of installing deflectors:
Improves habitat quality
Improves water quality

Improves substrates

Improves watercourse hydrology

5.3.2.5.6 Rock Grouping

The installation sizable rock strategically can be used to slow down or help break up a uniform
current and reduce the impact energy that would normally increase bank erosion. They have to
be the right size and installed correctly otherwise it may encourage the river to erode another
bank downstream or upstream.

The benefits of installing rock grouping:
Improves habitat quality
Improves water quality

Improves substrates

Improves watercourse hydrology

6. Conclusion

The Stewardship Plan for the Brook Floater (Alasmidonta Varicosa) Population and the
Freshwater Habitat in the Petitcodiac Watershed will guide future habitat improvement projects.
Actions will be met based on priorities and ethics, funding sources, and partners. This document
will be a very important tool in decision making, planning and improvement actions taken to
protect and restore species at risk. The stewardship plan can also be used as a basic tool for the
protection of other aquatic species in the watershed.

Freshwater mussels are as important to ecosystems as any other species living in the
watershed. Mussels may be small organisms that receive less attention, but they play a very
important role in the environment; they’re great bio-indicators on habitat conditions and they
help clean and filter freshwater. Obviously, any living organism thrives best in an environment
where the water quality is healthy. Without the presence of these filter feeders, ecological
integrity would deteriorate further.

Recommendations to achieving successful projects with good values:

Petitcodiac Watershed Alliance Inc.
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- Working with landowners that are interested in making positive tangible actions to protect and
conserve the watershed’s ecological services.

- Ensure good communication with stakeholders involved at all levels of development.
- Aim to maintain the highest level of communication, education, and awareness to local
communities in order to inform the public about the success of the activities and have their

participation and support.

- Promote the best land management practices to guide riverfront property owners and river users
in local communities.

Petitcodiac Watershed Alliance Inc.
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