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1.0 [bookmark: _Toc134193255]Introduction
This document has three objectives; (1) to provide an overview of current instream habitat conditions in the West River watershed, (2) to provide a plan using established river restoration techniques to address issues of habitat degradation and to improve productivity, and (3) to outline a sufficient monitoring plan to measure the effectiveness of restoration and to better inform the Antigonish Rivers Association (ARA) and stakeholders about the status of Atlantic salmon, Brook trout, and American eel in the river. This report recommends the implementation of a five-year restoration program designed to enhance the recovery of instream habitat.
The West River drainage basin covers an area of ~480 km2, making it the largest watershed in Antigonish County, Nova Scotia.  The West River watershed is broken up into two major watersheds; The West River, which covers an area of ~350km2, and the Right’s River, which covers an area of ~130km2, with each containing their own subwatersheds. Both watersheds experience similar forms of distress (David et. al., 2000), primarily a result of historic land use practices. Impacts in the headwaters are generally related to forest harvesting and settlement era (1800-1900) land clearing and water course manipulation (e.g. saw mills and mill dams). The lower reaches of the watershed are primarily affected by agricultural activity which is impacted floodplain forests and riparian zones. Residential developments also impact the watershed, with a higher concentration of impacts found in the lower reaches which flow through the town of Antigonish before entering Antigonish Harbour. 
Once an abundant Atlantic salmon habitat, populations have been observed to be declining in the West River and its major tributaries since the 1980’s. From 1985-1993 salmon fry populations decreased by 31%, while salmon parr populations decreased by 10% (DFO, 1993). The following year, populations decreased by 44% and 57% respectively from the data documented in 1993 (DFO, 1994). Despite broad declines within the Gulf Region, restoration work in the late 1990s on major tributaries to the West River, specifically Brierly Brook and James River, resulted in significant improvement in Atlantic salmon juvenile abundance and adult returns following extensive instream restoration. Since the initial success of these projects, instream habitat restoration has played an important role in maintaining Atlantic salmon populations within the West River watershed that exceed conservation requirements.
While significant restoration work has been completed within the West River watershed the assessment of instream habitat throughout the watershed indicates that a concerted effort to continue restoration and conservation activities is still required to ensure the future abundance of Atlantic salmon. 
[bookmark: _Toc134193256]1.1 Overview of The Watershed & Tributaries
The headwaters of the West River watershed begin in the Weavers and Keppoch Mountain region of Antigonish County and flow northerly through the rural communities of Ohio, Saint Josephs, Beaver Meadow, Addington Forks, West River, and into the town of Antigonish, where the mouth of the river drains into the southwestern arm of the Antigonish Harbour. The Rights River begins in the Antigonish Highlands and flows southeast along Highway 245 through the Pleasant Valley, North Grant, and eventually into the town of Antigonish where it meets the Harbour.
[image: ]
Figure 1: Map of West River and Right's River watersheds. The main channel of the West River is highlighted by a green line, the main channel of the Right's River is highlighted by an orange line, with major tributaries highlighted in dark blue and minor tributaries in light blue.
For the purposes of restoration planning, the watershed has been divided into manageable planning units that contain similar topography, landform patterns, and numerous channels and feeder streams. These planning units will be referred to as “subwatersheds”. Each subwatershed will be broken up into multiple reaches of stream. Reaches are defined as sections of river along which controlling conditions are sufficiently uniform.
[image: ]
Figure 2: Map of the West and Right's watersheds with the main branch sections delineated and numbered to correspond with Table 1.

	Table 1: Overview of planning units

	Planning Unit
	Section Name
	Watershed Size
	Main Channel Length
	Potential Area for Habitat Restoration
	Current Restored Area 

	1
	Donny Brook
	30.48 km2
	10.79 km
	6,404.75 m2
	10,914.14 m2

	2
	Ohio
	77.88 km2
	20.31 km
	32,790 m2
	4,425.45 m2

	3
	Beaver River
	74.68 km2
	8.66 km
	17,120.77 m2
	35,553.76 m2

	4
	James River
	59.89 km2
	11.83 km
	27,252.33 m2
	8,000 m2

	5
	West River
	74.61 km2
	18.79 km
	23,803.38m2
	6,340 m2

	6
	Brierly Brook
	34.36 km2
	16.51 km
	0 m2
	131,577.09 m2

	7
	Lower Right’s River
	12.93 km2
	4.58 km 
	4,131.28 m2
	0 m2

	8
	South Right’s River
	51.75 km2
	21.75 km 
	19,563.43 m2
	13,569.75 m2

	9
	North Right’s River
	30.58 km2
	10.22 km 
	26,289.91 m2
	23,581.22 m2

	10
	Right’s Headwaters
	34.19 km2
	
	7,831.68 m2
	5,673.38 m2

	Total
	
	481.35 km2
	
	160,948.60 m2
	239,635.60 m2



[bookmark: _Toc134193257]1.2 Restoration Planning
This document proposes to restore fish habitat in the West River by implementing a watershed-scale restoration plan that systematically addresses shortcomings in habitat features (e.g., absence of large woody debris and over-widened channels) by using established restoration techniques such as digger logs, bank stabilization, riparian zone planting, log deflectors, and rock sills. The selection of techniques will depend on habitat features and upstream catchment size for each restoration site. Work in the main channel (the West River) is expected to focus on using bank stabilization techniques including armour stone banking using rip rap and large tree root wads in conjunction with riparian zone planting. Work in the tributaries will focus on digger logs, deflectors, rock sills, hand-rocking eroding banks, and to a lesser extent, adding clean spawning gravel to streams that have been scoured to bedrock from a lack of gravel deposition. This project also proposes significant community and landowner consultation and education in hope of reducing harmful practices within the floodplain, such as land-clearing, specifically near important buffer zones which makes the riverbank more susceptible to rapid erosion.
It is important to note that not all reaches are suitable for restoration activity; reaches with less than 4.0 km2 in upstream watershed area or with stream gradients greater than 4% are not deemed suitable for the instream restoration techniques found in this document.  The recovery of habitats outside these specifications is best achieved through natural processes. ARA can promote the natural recovery of these reaches through community engagement and education. Typically, steep slopes are found within confined valley bottoms and intrusion by human activities is not common. Reaches with steep gradients (>4%) are best managed and improved by promoting less harmful land-use practices in floodplains adjacent to the stream. Streams with smaller drainage areas lack the hydrological force required for digger logs and other structures to influence instream habitats. The calculation of available habitat for restoration only counted habitat that was suitable for instream restoration.
[bookmark: _Toc134193258]1.3 Restoration Techniques
Commonly applied techniques for restoring fish habitat in Nova Scotia include the installation of large woody debris (LWD) structures which are designed to mimic the natural function of embedded LWD. These structures, which generally include digger logs, deflectors, rock sills, and artificial over-hanging banks, are designed to create a stable meander pattern in the channel which should contain a channel sequence of run, riffle, and pool habitat types. Each habitat type in a naturally occurring meander pattern provides habitat niches for various life-stages of salmonids. Restoring year-round flow to smaller streams can be achieved by increasing upstream water storage capacity by installing artificial beaver dams, a restoration technique that is growing in popularity in the United States and the United Kingdom (Bouwes et al., 2016; Reinert et al., 2022; Shahverdian et al., 2019.)
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Figure 3: Conceptual design of a digger log (NSSA, 2014) and downstream view of a digger log.

Digger logs are installed from bank to bank at a 30o angle to the direction of stream flow and attached to the streambed with rebar. On the upstream side, a rock ramp spanning 2-3 feet is designed to trap gravel that will create salmon and trout spawning habitat. The upstream end of the log is to be installed 4-6 inches lower than the downstream end. This, along with the bank-to-bank angle, will guide the water to one side, restoring the natural meander of the stream. The flowing water will create a pool on the downstream end of the structure which will provide holding areas and instream cover for salmon parr and adult trout.
[image: Diagram

Description automatically generated][image: Diagram, engineering drawing

Description automatically generated]
Figure 4: Structural design of deflectors (NSSA, 2014).
Deflectors are triangular structures that extend out from the banks and into the stream. The downstream log extends at a 60o angle, while the upstream log extends at a 30o angle. The two logs meet to form a 90o angle and will help narrow an over-widened channel to its calculated bankfull width and meander pattern. Another benefit of deflectors is that their function encourages scouring of the channel to increase the thalweg depth via the concentration of flow, which helps fish passage and rearing. Deflectors are often paired with digger logs.
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Figure 5: Structural design of a rock sill (NSSA, 2014).
Rock sills are installed in a similar fashion to digger logs but are at less of a vertical angle. They are used to build up streambed of an incised stream and connect it to the floodplain. Rock sills will prevent the river from cutting further down and decrease the velocity in areas with high flows as the water will be redirected to the floodplain. Sills will also trap gravel being deposited downstream to provide habitat for aquatic insects, spawning habitat, and rearing cover for juvenile salmonids. This is highly effective in areas where bedrock is present. Sills are used as control structures at both the crest of a riffle and the head of the pool.
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Figure 6 & 7: Structural design of bank structure and tree planting layout
Undercut bank structures are designed to simulate an undercut bank and are usually constructed out of logs. They provide hiding and escape cover for fish of all sizes. They can also protect stream bank from scour and additional erosion.
Bank stabilization is imperative in areas that lack riparian zone as the riverbanks in these areas are more susceptible to erosion and sedimentation. Using tree planting as a stabilization measure will slow erosion processes and prevent the loss of soil. Another issue tree planting addresses is a lack of canopy cover. Restoring overhead canopy will help regulate temperatures in the river and provide aquatic species with additional cover from predation. 
[bookmark: _Toc134193259]1.4 Previous Restoration Work Completed
Restoration work in Antigonish County began in 1995 with a pilot project being carried out in Brierly Brook. This project involved the installation of digger and deflector logs which help narrow over-widened channels, provide instream cover for aquatic species, sort sediment to form gravel bars, and return the channel to its natural meandering pattern. The project was deemed a success and extensive restoration projects have been carried out in the West River watershed since. In larger rivers, such as the West, this type of restoration is not compatible, therefore a technique is used to dissipate flow and slow erosion. This process involves engineered armour rock deflector with incorporated rock kickers, along with the planting of trees to help supplement the stabilization process and restore previously degraded riparian zones.
	Table 2: Overview of previous restoration work

	Year
	Stream Name
	Restoration Techniques
	Area Restored

	1995
	Lower Brierly Brook
	Digger Logs and deflectors
	11,323.07 m2

	1996
	Lower Brierly Brook
	Digger Logs and deflectors
	17,380.00 m2

	1997
	Brierly Brook
	Digger Logs and deflectors
	21,837.97 m2

	1998
	Brierly Brook
	Digger Logs and deflectors
	22,032.45 m2

	1999
	James River
	Digger Logs and deflectors
	8,000 m2

	2005
	North Right’s River
	Digger Logs
	10,258.94 m2

	2006
	Pleasant Valley Brook
	Digger Logs
	5,673.38 m2

	2007
	Cloverville Brook
	Digger Logs and deflectors
	13,322.38 m2

	2008
	Donny Brook
	Digger Logs
	10,914.14 m2

	2009
	Cameron’s Brook
	Digger Logs
	5,766.00 m2

	2010
	Brierly Brook
	Digger Logs and deflectors
	23,004.41 m2

	2010
	Beaver River
	Digger Logs
	16,320.00 m2

	2010
	Hartshorn Brook
	Digger Logs and deflectors
	6,834.38 m2

	2011
	MacIsaac Brook
	Digger Logs
	4,425.45 m2

	2011
	Keppoch Brook
	Digger Logs
	6,633.38 m2

	2012-2015
	South Right’s River
	Digger Logs
Fish Passage Improvement
	13,569.75 m2

	2017
	West River
	Bank stabilization - armour rock
	2,500m2

	2018
	West River
	Bank stabilization - armour rock
Riparian zone tree planting
	3,840m2

	2021
	Upper Brierly Brook
	Digger Logs, deflectors and
rock sills
	36,000 m2


[bookmark: _Toc134193260]2.0 Planning Units
For the purpose of this document, the two major watersheds in this area, the West River and the Rights River, were divided into planning units, or “subwatersheds”.  These planning units were divided based on similar habitat features, land use, calculated bankfull width, and restoration potential.
[bookmark: _Toc134193261]2.1 West River Planning Units
Restoration work has already commenced within the West River Watershed. Extensive instream restoration has been completed in Brierly Brook, with upwards of 180 structures having been installed. Restoration work involved along the main channel will be bank stabilization and riparian zone tree planting projects. Such projects have been completed in 2017 and 2018 with a high level of success and have garnered landowner support to continue these projects. Pre and post restoration monitoring will be completed at all sites. 
[bookmark: _Toc134193262]2.1.1 Donny Brook
Donny Brook runs along the border of Antigonish and Pictou counties. Most of the land immediately adjacent to Donny Brook is Crown land; because of this land usage is minimal and consists of sanctioned forestry activities. The main stem of Donny Brook measures approximately 8,754m in length. The early phase of the stream where the headwaters converge is closer to wetland habitat than a defined brook. The channel tightens up moving downstream, becoming more unified with denser tree coverage. Further downstream the terrain changes from flat to a moderate elevation. Upon approaching the downstream end of the brook, elevation decreases as does riparian cover for the stream. In this section is the majority of the forestry activity as previously described. The downstream end of Donny Brook converges with East Branch Donny Brook, the latter being the precursor to the Ohio River. At approximately 2,040m in length, East Branch Donny Brook starts from Garvies Lake and travels through rural land until it meets the Ohio River. Land usage and state of the channel is similar to that of the main Donny Brook.
[image: ]
Figure 7: Donny Brook subwatershed highlighted in orange.
[image: ]
Figure 8: Donny Brook main channel outlined in dark blue with reach # labelled.

	Table 3: Overview of Donny Brook reaches

	[bookmark: _Hlk125013375]Reach #
	Stream Length
	Calculated Bankfull Width
	Estimated Area of Fish Habitat
	Downstream Coordinates

	1
	750.85m
	8.53m
	6,404.75m2
	45.2542144N
-62.0636491W

	Total 
	750.865m
	
	6,404.75m2
	



The reach highlighted for restoration on the East Branch Donny Brook begins 600m above the confluence of Donny Brook, the East Branch and the Ohio River, and is ~750m in length. The East Branch Donny Brook is over widened from the 8.53m calculated bankfull width and can be restored using crew work. The potential for restoration in this reach is 6,404.75m2. A combination of digger logs and deflectors can be used to improve instream habitat by narrowing the channel. Narrowing the channel allows for deeper waters which help with fish passage and cooler summer temperatures.
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Figure 9: Reach 1 Donny Brook

[bookmark: _Toc134193263]2.1.2 Ohio River
The Ohio River runs through agriculture-dominant land, with most of the channel being bordered by fields on both sides. Due to the restriction of these fields on the channel and the sub-par state of the remaining riparian vegetation as a buffer between the fields and the river, bank erosion is occurring, cutting into many of these fields. To diminish the erosion, armour rock and root wads will be installed in addition to tree planting to stabilize the bank and enhance the riparian zone for the future. As the Ohio river itself is too wide and deep for instream structures such as digger logs and deflectors, this type of work will be focused on major tributaries of the Ohio river as shown in Figures 11 to 14. 
[image: ]
Figure 10: Ohio subwatershed highlighted in red.
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Figure 11: Ohio River main channel outlined in black with reaches labelled.

	Table 4: Overview of Ohio River Reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	1
	1,500 m
	5.25 m
	7,875 m2
	45.314034N
-62.042614W

	2
	1,600 m
	5.25 m
	8,400 m2
	45.2817886N
-62.0321905W

	3
	1,500 m 
	11.01 m
	16, 515 m2
	45.2815654N
-62.032304W

	Total
	
	
	32,790 m2
	



Reach #1 is part of the second largest tributary catchment area of the Ohio River.  Historic farming and forestry practices have resulted in degraded habitat lacking instream characteristics for fish migration. Unlike other areas within the watershed where lack of riparian vegetation is a major issue, this reach has a riparian zone that has recovered over time. Restoration through this reach can be completed using digger logs, rock sills, and deflectors. Approximately 25 structures will be installed by a crew, resulting in 7,875m2 of fish habitat being restored. This work is scheduled for 2023.

[image: ]
Figure 12: Ohio River Reach 1

[image: ]
Figure 13: Ohio River Reach 2
The lower 300m of Reach two consists of agriculture fields lacking riparian zone.  For this section of the reach, deflectors, undercut bank structures, and tree planting will be completed to slow erosion, stabilize the bank, and provide instream that isn’t currently present. Upstream from the Ohio West Side Road crossing there are plots of land historical used for logging purposes. This has resulted in decreased stream stability that can be re-established with the use of digger logs to help restore the natural meandering pattern, and rock sills to form pools. In total, 27 structures can be installed resulting in 8,400m2 of habitat being restored.

[image: ]
Figure 14: Ohio River Reach 3
Reach 3 defines a section of the Ohio River that has taken on broad, sweeping bends in some sections and others with sharp tight turns, both due to the channel being restricted between fields on both sides. Based on the state of the channel, the agriculture fields that have occupied the majority of the landscape in this area over time have resulted in eroding, unstable banks. There are 7 banks in this reach that can be restored using armor rock stabilization and tree planting. This will restore 16,515m2 of habitat. 







2.1.2.1 Ohio River Aerial Photos
	Table 5: Aerial Photo Series Observations

	Date Range
	Observations

	1979-1990
	The pond/marsh area towards the upper left has reduced in size, and the river flowing into it appears to have been choked off/dried up. In addition, deforestation had occurred to the immediate left of this area. Upstream from this pond and downstream from Ohio West Side Road, the riparian zone had drastically thinned. This continues below the Ohio West Side Road; only one section of the riparian zone -- near the lower right in these photos – remained unchanged.

	1990-2007
	The pond at the top of the area appears to have further reduced in size, however the section of river that feeds into this lake appears to have opened up during the time between the two photos. Near the bottom right of the photos (see area around and upstream from reference point in Figure 15) the river has straightened out, forced out of its natural meander pattern by the field to its left and the close proximity of the Ohio East Road to its right.

	2007-2018
	The pond/wetland area has expanded, notably the southeasternmost section. The riparian zones have largely remained the same, but do appear to be recovering in some spots. This pair of photos covers more ground than the previous ones, hence more of the river being restricted by agricultural fields on both sides is revealed. The section of the river surrounding and upstream from the reference point appears to have regained a fraction of its natural meander back despite remaining restricted by the land use around it.




[image: ]
Figure 15: Aerial photos of Middle Ohio River. The main channel is highlighted in blue, the star serves as a reference point.

[bookmark: _Toc134193264]2.1.3 Beaver River
The Beaver River watershed feeds into the West River at the confluence of the Ohio River, James River, and West River. The area is rural with more elevated terrain than most of the West River watershed, highlighted by both Beaver and Keppoch Mountains. The primary industry in the area is forestry. The Beaver River subwatershed contains four main feeder streams: Keppoch Brook, Cameron’s Brook, Hartshorn Brook, and the primary Beaver River.  The upstream-most section of Beaver River is undisturbed and free from significant human activity. In addition, most of the tributaries for the Beaver River feed into this upper section. Unlike the main branch, these headwaters are surrounded by private woodlots. An aerial photo from 1974 suggests that at one point there were forestry activities underway in the vicinity of the main channel, riparian vegetation along the main channel in this uppermost section has since recovered. Further downstream is mostly free of disturbances save for an intersection with Mayfield Road, where the river then runs adjacent to the road for a short distance where it meets with Cameron’s Brook. Beaver River continues along Mayfield Road before turning away and continuing through further undisturbed land. The downstream section of the river is characterized by flat marshland that is immediately surrounded by agricultural fields. The final stretch of the Beaver River begins after the St. Joseph’s Road bridge, appearing relatively straight with wide spanning bends, before taking on a tighter meander pattern just prior to merging with the Ohio/West River.
[image: ]
Figure 16: Beaver River subwatershed highlighted in blue.
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Figure 17: Beaver River outlined in black, main tributaries outlined in dark blue, and reach labelled.
	Table 6: Overview of Beaver River reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	1
	1573.60 m
	10.88 m
	17,120.77 m2
	45.526704N
-62.174162W

	Total
	1573.60 m
	
	17,120.77 m2
	



[image: ]
Figure 18: Beaver River Reach 1 with historic channel pattern outlined in orange.
The reach identified in Beaver rivers flows between major tributaries Hartshorn Brook and Cameron’s Brook. The orange line in the picture above denotes historic channel patterns, showing a great degree of change over time. This has caused the channel to braid.  As this reach shows it has the potential to migrate, the best restoration technique to use would be deflectors (x15). 








[bookmark: _Toc134193265]2.1.4 James River
The James River begins 14.5 km to the west of the Town of Antigonish and flows Southeast through the communities of James River and Addington forks where it meets the confluence of the West, Ohio, and Beaver rivers. Approximately 4.5km downstream from the beginning of the river is the James River dam. The dam acts as a reservoir for the Town’s public drinking water supply, as such a large portion of the watershed is a protected area. The upstream half of the James River is forested land that has regrown since the area had been historically used for tree harvesting.  There is still logging happening within the subwatershed, but not on the land adjacent to the river. Effects of the past forestry activity can still be seen below the James River Dam as the channel had been straightened to transport logs. A natural meander pattern returns further downstream, however there are some notable straight sections in the channel from nearby fields.

[image: ]
Figure 19: James River subwatershed highlighted in grey.
[image: ]
Figure 20: James River outline in dark blue with reaches labelled.
	Table 7: Overview of James River reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Habitat
	Downstream Coordinates

	1
	1,570.68m
	10.21m
	16,036.64m2
	45.608821N
-62.126008W

	2
	1,098.50m
	10.21m
	11,215.69m2
	45.59381-9N
-62.115024W

	Total
	11,869.85m
	
	27,252.33m2
	



In addition to restricting water flow, the James River Dam inadvertently acts as a sediment trap; resulting in the section of the James River directly downstream being sediment starved. In 2022, a clean spawning gravel pilot project was carried out in an attempt to remediate this issue.  Large rock sills were built using boulders present within the stream supplemented with 2 meter aprons built from the gravel on the upstream end to help gather more gravel and create spawning habitat. The project yielded positive results and will be continued in 2023.  Twelve (12) rock sills will be installed in the lower half of this reach, similar to those built in 2022. In addition, 8 log deflectors will be installed in the upper half of this reach as it remains straight and over widened from historic log drives.
[image: ]
Figure 21: James River Reach 1.
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Figure 22: James River Reach 2.
Reach 2 is an approximately 1100m stretch of stream beginning at the Mill Road bridge that flows through active farmland, through a relatively straight stretch, and ends at the Addington Forks Road bridge, 500m above the confluence with the West and Ohio Rivers. Erosion stemming from a lack of riparian zone coupled with changes in river morphology related to the new bridge has resulted in visible sediment deposits downstream. Restoration through this site should consists of digger logs and deflectors, with tree planting taking place along the right bank of the abandoned field in the lower half of the reach adjacent to the sediment deposits. 
2.1.4.1 James River Aerial Photo 
	Table 8: Aerial Photo Series Observations

	Date Range
	Observations

	1974-1990
	The section of the James River featured in this photo series was bulldozed straight for logging purposes. This alteration is depicted in all three photos when comparing the channel’s features upstream from the location of the dam to those downstream from it. In 1988 the James River dam was built to create a reservoir for the Town of Antigonish’s drinking water supply. A small unpaved access road accompanied it. The construction of the James River dam restricted the flow of the river between these two photos.

	1990-2007
	Besides the dam installed in 1988, there has been little anthropogenic interference with this section of the James River since the area upstream from the dam has been protected under the James River Watershed Protected Area Regulations (1988) and the area immediately downstream from the dam is under restricted access. The natural meander is very slowly coming back to the channel. Expansion of the reservoir is visible. Just out of view to the south is a field cut for agricultural purposes.

	2007-2018
	Only visible change is that the reservoir is slightly larger.




[image: ]
[bookmark: _Hlk131682394]Figure 23: Aerial photos of James River. The main channel is highlighted in blue, the star indicates the positioning of the James River Dam.




[bookmark: _Toc134193266]2.1.5 West River
The West River is relatively uniform throughout, experiencing moderate restriction due to agricultural fields and to the few roadways it runs adjacent to (Purlbrook Road, Nova Scotia Trunk 7 and Lower West River Road). Due to channelization from these anthropogenic processes, when the river does bend it does so rather intensely, leading to several areas along the river where cut banks are present, accompanied by point bars. To mitigate this, the method of restoration will be bank stabilization with armour rock and root wads supplemented by riparian zone enhancement which will consist of planting 1500 trees.

[image: ]
Figure 24: West River subwatershed highlighted in yellow.
[image: ]
Figure 25: West River main channel outlined in dark blue with reaches labelled.

	Table 9: Overview of West River reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	1
	1,615.29m
	10.88m
	17,574.36m2
	45°34′10.469″N -62°02′9.228″W

	2
	572.52m
	10.88m
	6,229.02m2
	45°33′37.845″N -62°04′37.126″W

	Total
	
	
	23,803.38m2
	



Reach 1 in the West River runs west of Highway 7 and north of Purlbrook Road.  The river in this area is eroding into the adjacent agriculture fields. The restoration method of choice will be bank stabilization at 4 sites using armour rock supplemented by tree planting to restore riparian area.
Reach 2 runs immediately east of Addington Forks Extension. There is severe erosion and sediment deposits in the area, as well as visible braiding of the river. The restoration process will be the same as that of Reach 1, but 1 site will be restored. 
[image: ]
Figure 26: West River Reach 1.
[image: ]
Figure 27: West River Reach 2.

2.1.5.1 West River Aerial Photos
	Table 10: Aerial Photo Series Observations

	Date Range
	Observations

	1979-1990
	Riparian zone restored substantially. The bank has further eroded on the sharp curve in the river (in the center of the photo), encroaching on the trail to its right. The tributary (James River) on the left side has widened.

	1990-2018
	The channel and its tributaries pictured have become braided in certain sections (to the left-hand side of Addington Forks Ext. road crossing). Riparian zone has recovered slightly. To the immediate right of the road crossing, the river is cutting further into the field than it had in the past, and the nearby hairpin bend has breached the trail, rendering it inaccessible. The river has cut through the old bend, creating an oxbow wherein there is little to no flow.

	2018-2021
	More sediment accumulation at and surrounding the confluence (marked by reference point) of the West, Ohio and James rivers and Hartshorn Brook. Downstream from Addington Forks Ext. Road crossing the channel remains inhibited by bordering land use.
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Figure 28: Aerial photos of the upstream section of West River. West River, James River, Beaver River and Ohio River are highlighted in blue. The star serves as a reference point, indicating where James River meets West River.

[bookmark: _Toc134193267]2.1.6 Brierly Brook
 In the summer of 2021, upwards of 120 structures were installed through the upstream section of the stream. The uppermost section of Brierly Brook is heavily forested, and required restoration as the immature trees in the area were not able to stabilize the channel during high-flow events, and the channel was widening significantly. Moving downstream, adjacent land use mainly consists of agricultural fields that have been cut bare to the river, with little riparian zone, if any at all, remaining intact. These practices also contribute to the widening of the channel. Because of this, there are several sections in Middle Brierly Brook that have heavily restricted meander patterns with little riparian zone. From here the channel transitions from primarily farmland to more residential-based area, located on the outskirts of the town of Antigonish. Here, the channel has been given more space than it has been granted upstream and as such it has a larger and healthier buffer zone from the properties and fields surrounding it. The channel changes again once it enters the town of Antigonish, quickly becoming confined between suburban properties and, on the opposite side, fields (agricultural and recreational). In 1995, structures were installed in the downstream-most section that flows through the town of Antigonish where the brook meets with the West River. This section of the river has been subject to many practices that lead to the degradation of the channel: urban development which has completely inhibited any sort of migration of the channel, street and wastewater runoff, and considerable amounts of solid waste by way of proximity to people. All areas within the Brierly Brook subwatershed that are eligible for restoration have been complete.  Moving forward, maintenance of all instream structures will be completed yearly to ensure structures are working as intended.
[image: ]
Figure 29: Brierly Brook subwatershed highlighted in purple.
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Figure 30: Brierly Brook with main channel highlighted in dark blue.
2.1.5.1 Brierly Brook Aerial Photos
	Table 11: Aerial Photo Series Observations

	Date Range
	Observations

	1979-1990
	Some riparian zone regrowth in the bottom left of the photos, but substantial loss towards the center of the photos (reference point marked). Home and property development on Somers Road near road crossing.

	1990-2007
	Further home and property development; properties on Hwy 4 extended closer to Middle Brierly Brook. Riparian growth downstream from Post Road control dam. Note that although there is an abundance of fields in this area, they kept a respectable distance from the channel and the area around the channel is growing denser than it was in 1979 and 1990’s.

	2007-2021
	There appears to be much more tree growth in the area around the reference point. New meanders have formed, notably around the reference point and downstream from Somers Road. The positive changes that Brierly Brook has seen could be attributed to the restorative structures that were installed in 1995.



[image: ]
[bookmark: _Hlk131686045]Figure 31: Aerial photos of middle Brierly Brook. The main channel is highlighted in blue, the star serves as a reference point.





[bookmark: _Toc134193268]2.2 Right’s River Planning Units
[bookmark: _Toc134193269]2.2.1 Lower Right’s River
The lower portion of Right’s River flows through the outer edge of the Town of Antigonish into Antigonish Harbour. Its location on the margins of town has made it susceptible to the built environment around it; the channel is bordered by residential and commercial properties, other infrastructure includes a golf course, sewage lagoon, and railroad. Three sections have been identified in this section of the Right’s River based on their characteristics. The first section begins after the South Right’s River meets the main channel, here the buffer zone is thin and there are several bends facing erosion; in addition, there are runs that are unnaturally straight or otherwise very restricted. The second section, further downstream, has been channelized to a great degree to where it is virtually straight aside from a weak natural meander it that maintains. This continues into the third section, shortly thereafter the channel widens and branches off into the surrounding wetland which then transitions into the William’s Point estuary. Because of the channelized nature of the lower Right’s River as a whole, the channel is too wide to effectively employ the use of digger logs so deflectors will be prioritized instead.

[image: ]
Figure 32: Lower Right's River subwatershed highlighted in blue.
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Figure 33: Lower Rights River main channel outlined in dark blue with reach labelled.

	Table 12: Overview of Lower Right’s River reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	1
	630.73m
	6.55m
	4,131.28m2
	45°37′42.533″N -61°59′35.471″W

	Total
	4,511.59m
	
	29,550.91m2
	



The reach identified in Lower Rights River requires two sites to be stabilized using armour rock and tree planting. Both sites are identified on the map with orange lines. Immediately about the bridge, tree planting is required along the right bank for a 200m stretch as the riparian vegetation was lost in 2023 due to flooding. 
[image: ]
Figure 34: Lower Rights River Reach 1.

[bookmark: _Toc134193270]2.2.2 South Right’s River
The South Right’s River runs through the Clydesdale/Pleasant Valley area, measuring close to 22km in length with its drainage basin area measuring 51.74km2. The upstream half of the South Right’s River runs through rural land where primary land use is forestry. The other half are located nearby rural residential properties. Agricultural land becomes prominent in the downstream section closer to the confluence with the main Right’s River.
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Figure 35: South Right's River subwatershed highlighted in orange.
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Figure 36: South Right’s River main channel outlined in dark blue with reaches labelled.

	Table 13: Overview of South Right’s River reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	1
	670.10m
	9.78m
	6,553.58m2
	45°37′52.271″N -62°02′17.838″W

	2
	1,330.25m
	9.78m
	13,009.85m2
	45°38′25.951″N -62°02′46.052″W

	Total
	21,656.06m
	
	19,563.43m2
	



Reach 1 is bordered by agricultural fields on both sides and is beginning to show signs of erosion and sediment deposition. To counter this, digger logs and deflectors will be used to guide the channel to its proper meandering pattern. Should the erosion begin to eliminate riparian area, tree planting should be done to supplement the stabilization process.

[image: ]
Figure 37: Lower Rights River reach 1.
Reach 2 in South Right’s River flows through deforested lots and abandoned fields and shows a severely braided channel with historic movement in and out of the floodplain. The rate of erosion is resulting in high amounts of sediment being deposited downstream that can be seen on the map.  The most practical restoration technique in the area would be alternating deflectors with the goal of limiting how far the channel can stray, along with tree planting riparian zones adjacent to the agricultural fields to provide further stabilization for limiting migration and erosion potential.
[image: ]
Figure 38: South Right’s River Reach 2.
2.2.2.1 South Rights River Aerial Photos
	Table 14: Aerial Photo Series Observations

	Date Range
	Observations

	1979-1990
	Riparian zone has improved, especially along harvested areas in which there were few to no trees visible in the photo from 1979.

	1990-2007
	Riparian zone recovery seems to have plateaued. An unnatural bend developed directly upstream of the bridge sometime after 1990 – the bend was there in 1990, but became sharp in the years that followed. This is similar to the unusual 90 degree turn that is noticeable directly south of the Clydesdale Road bridge; present in all three photos. A third sharp bend had developed further downstream (highlighted by reference point). All three were due to the upkeep of a field. This bend is located in the center of the photo from 1990, and still appears to have a natural curve in that photo.

	2007-2021
	The bend highlighted by the reference point as well as the one upstream from the road crossing (Clydesdale Rd) have worsened. Sediment accumulation further downstream (lower right in photo; between reference point and Hwy 245 road crossing) resulting in large gravel bars.
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Figure 39: Aerial photos of lower South Right's River. The main channel is highlighted in blue, the star serves as a reference point.





[bookmark: _Toc134193271]2.2.3 North Right’s River
The North Right’s River drainage basin encompasses the fringe areas of Cloverville and North Grant. Land use consists of private residences, agricultural fields, and woodlots. Highway 245 runs adjacent to the river. The upper-most section of the Right’s River has several straight sections due to surrounding land use. The area downstream from this has good riparian coverage and since nothing has been developed on/nearby this section of the channel, erosion that is or may be occurring (specifically a sharp meander with cut bank) doesn’t pose a threat to property or infrastructure. Moving further downstream reveals several straighter sections due to confinement by agricultural fields. Nearing the downstream half of the river there is some braiding of the stream and more sediment deposition on meanders than is upstream. The downstream section of the river is highly straightened since it is bordered by landowners’ backyards and fields. Restoration will consist of installing deflectors and planting trees.
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Figure 40: North Right's River subwatershed highlighted in purple.
[image: ]
Figure 41: North Right’s River highlighted in dark blue with reaches labelled.

	Table 15: Overview of North Right’s River reaches

	Reach #
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	1
	1,654.25m
	8.27m
	13,680.65m2
	45°38′19.55″N -62°01′7.605″W

	2
	1,524.70m
	8.27m
	12,609.27m2
	45°40′39.424″N -62°01′14.597″W

	Total
	16,261.40m
	
	26,289.92m2
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Figure 42: North Right’s River reach 1.
The first reach identified in North Right’s River flows through North Grant running adjacent to multiple agricultural fields, both active and abandoned. As this section of the channel is very straight, the main priority of restoration is to create a natural meandering pattern. This section of channel is too wide to use digger logs, therefore large two-tier deflectors will be the method of choice. The large deflectors will also help with the narrowing of the channel. The lower half of this reach, from the Lower North Grant Road bridge down, will be restored in 2023 by way of 15 structures being installed over a 780m stretch, resulting in 6,450m2 of habitat being restored.
The second reach identified 
[image: ]
Figure 43: North Right’s River reach 2 with historic channels and stream braiding highlighted in orange.
2.2.3.1 Rights River Aerial Photos 
	Table 16: Aerial Photo Series Observations

	Date Range
	Observations

	1979-1997
	[bookmark: _Int_UPxxa8lL]The channel appears forced to conform to a straight path since 1979, especially in the small run between Lower North Grant Road and Clydesdale Road (pictured in the lower lefthand side of the photos). During this time, agricultural harvesting directly adjacent to the river increased, and the downstream section (lower right-hand side) of the channel experienced worsened braiding. Between 1979 and 1997, the Lower North Grant Road was extended to run adjacent to Right’s River. Homes built on Lower North Grant Road; with more properties on both sides of the river it appears as though that section of the channel has been forced to take a straighter path than it had in the past.

	1997-2018
	Riparian coverage in this area remained relatively poor, compared to the improvements seen in other sites. The braiding/sedimentation issue has worsened.

	2018-2021
	[bookmark: _Int_eLbIZwfl]The channel has straightened significantly in the areas both above and below Lower North Grant Road. Sediment deposition along the banks (downstream from reference point) has increased, creating large gravel bars.
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Figure 44:  Aerial photos of the lower section of North Right's River. The main channel is highlighted in blue, the star serves as a reference point.




[bookmark: _Toc134193272]2.2.4 Right's River Headwaters
The Right’s River Headwaters catchment area is approximately 34km2, located in Pleasant Valley/Brown’s Mountain/Connor’s Mountain area. There are two main feeder streams that converge into the Right’s River.
[image: ]
Figure 45: Right’s River Headwaters subwatershed highlighted in red.
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Figure 46: Headwaters of the Right's River highlighted.
	Table 17: Overview of Right’s River Headwaters

	Stream Name
	Stream Length
	Calculated Bankfull Width
	Potential Area for Restoration
	Downstream Coordinates

	Reach 1
	851.27m
	9.20m
	7,831.68m2
	45°42′3.719″N -62°02′50.043″W



The reach identified in the Headwaters begins at the headwater’s confluence with the Rights River, and spans approximately 850m upstream. This reach of stream flows relatively straight through forested area, with an old clearcut area in the middle.  The stretch of stream can be restored via the installation of 15 deflectors, and tree planting the riparian zone of both banks in the clearcut.
[image: ]
Figure 47: Right’s River Headwaters Reach 1.
[bookmark: _Toc134193273]3.0 Road Crossing Assessments
Road crossings can and do pose several barriers to fish passage and need to be assessed regularly to
ensure upstream migration to spawning habitats is accessible. Barriers that are common in the West River Watershed include, but are not limited to:
Channelization: Prior to environmental regulations protecting watercourses, it was common practice to
physically move a river to accommodate a new road crossing. This would involve heavy equipment
moving the channel to ensure a perpendicular flow to the new road crossing, which causes many issues
such as an over-widened channel with shallow water and no defined thalweg as well as disrupting the
natural hydrological pattern of the watercourse. This method of moving the watercourse was also used
in agricultural settings so farmers could get the most land coverage from the floodplain where crops
are typically grown. When channelization occurs, it also cuts the watercourse off from its surrounding
floodplain which can cause severe flooding events damaging property as well as inhibiting the
floodplains from soaking up the extra water to dissipate the flowing velocity as well as recharging the
groundwater stores that are crucial for keeping water in landowners’ wells.
Raised Culverts: On smaller feeder streams within the watershed, road crossings would often utilize
wooden box culverts or metal culverts to allow the water to flow under the crossing. As mentioned
above, prior to environmental regulations protecting watercourse, these culverts were installed without
any idea of the natural flow of the stream. The culverts were typically too small for the peak flows, and
this can cause severe bank erosion and flooding on the upstream side of the road crossing while also
creating a pool below the culvert that over time, becomes too far of a drop from the outflow of the
culvert for any fish to make it through.
Culvert Sedimentation: Sedimentation build up in culverts poses another hurdle. Agricultural land use
and urbanization are two factors that speed up erosion processes which in turn provide a higher amount
of sediment transport within the channel. Urbanization, if not properly regulated, can alter the natural
slope and flow path on a property resulting in increased run off. This means that during a storm event
there will be more erosion on the stream bank and an increase in peak flow. For agricultural land, if
there are improperly installed drains and a lack of riparian zone vegetation (as seen along the Ohio
River), there will also be more sediment transport and run off during peak flow. As there are both
urbanization and agricultural fields within the West River watershed, culvert sedimentation
can be considered an issue for the purpose of this study. If culverts are not designed to withstand these
increased levels of sediment load, it can cause a buildup and inhibit both water flow and fish passage.
[bookmark: _Toc134193274]3.1 West River Road Crossing Assessment
The road crossing conditions for the main stem of the West River are well known and easily accessible
for assessments. Below are tables showing the road crossing sites along the main channel broken up by section. The road crossings for the smaller tributaries are not as accessible for assessments as a significant number of them are forestry or private woodlot roads. Assessments will be done for all road crossings within the coming years, but the main focus of this document is to identify barriers on the main stem of the West River as well as the main channels in the major tributaries.

	Table 18: Overview of West River main channel road crossings

	Section
	Total Road Crossings
	Main Channel Road Crossings

	West River
	160
	7

	Ohio
	94
	5

	Donny Brook (East Branch)
	6
	0

	Total
	260
	12




	Table 19: Overview of major tributary road crossings

	Sub Watershed
	Total Road Crossings
	Main Channel Road Crossings

	Brierly Brook
	84
	13

	James River
	43
	6

	Beaver River
	103
	16

	Donny Brook
	23
	3

	Total
	253
	38



[bookmark: _Toc134193275]3.2 Right’s River Road Crossing Assessments
As the Right’s River watershed is smaller there are less road crossings than are present in the West River watershed, but the road crossings on the main stem of the Right’s River and in the lower section of South Right’s River are also easy to access for assessment. The Right’s River sees similar consequences as the West River in terms of issues that road crossings pose as was described above: channelization, raised culverts, and culvert sedimentation. Despite the Right’s River’s smaller size, it has seen what is likely a proportionate amount of damage by way of running through the town and fringe areas of Antigonish as the main road crossings are larger to accommodate the residential traffic. In this case, the Right’s River is more impacted by urbanization and less by agriculture than the West River.
Below are the corresponding tables of road crossings of the main channel and major tributary of the Right’s River. Like the smaller tributaries of the West River, the smaller tributaries in the Right’s River watershed are not as accessible as those on the main channel due to many being located on private land.
	Table 20: Overview of Right’s River main channel road crossings

	Section
	Total Road Crossings
	Main Channel Road Crossings

	Lower Right’s River
	24
	4

	North Right’s River
	45
	2

	Right’s River Headwaters
	24
	0

	Total
	93
	6



	Table 21: Overview of major tributary road crossings

	Sub Watershed
	Total Road Crossings
	Main Channel Road Crossings

	South Right’s River
	38
	5

	Total
	38
	5



[bookmark: _Toc134193276]4.0 Monitoring Program
A common critique of instream restoration projects is that they are conducted without sufficient baseline data and the post-project results are seldom measured, as they lack data able to use as a comparison. Furthermore, when it comes to data related to Atlantic salmon populations in the West River watershed, information is quite scarce and only one entity is completing any annual monitoring.  Therefore, a key component to this restoration plan is to provide the ARA with a monitoring program that utilizes equipment that the group has available to them. 
Monitoring will focus on electrofishing data, which is used to measure juvenile salmon abundance, adult salmon returns for spawning, and allows for finding other potential aquatic indicator species. This technique is widely used by DFO, Nova Scotia Inland Fisheries, and the Nova Scotia Salmon Association. The density of young of year (YoY) fry are an indicator of the past season’s spawning success and spatial distribution. While the density of Atlantic salmon parr and smolts is an indicator of juvenile survival and age class distribution. Metrics such as fork length (i.e., length of fish) can provide information regarding growth rates and primarily productivity in each site. Another important metric to monitor is water temperature. Deployable HOBOmax water temperature probes should be installed in major tributaries, and several should be installed in the main channel. There will also be supplemental physical habitat monitoring data collected via Habitat Suitability Index surveys, and biologic data collected via Redd counts.
[bookmark: _Toc134193277]4.1 Water Temperature Logging Surveys
[bookmark: _Hlk128144219]Water temperatures were recorded using HOBOware deployable loggers which are programmed to record water temperatures every fifteen minutes for a specific time frame which we typically set for June 1st to October 1st annually. Setting the temperature loggers to cover this specific time span will help us identify trends in temperature ranges through the hottest months of the year. Issues for salmon begin when water temperatures exceed 23°C for periods of time greater than 24 hours. Atlantic salmon fry are more resilient to water temperatures and can withstand brief periods (less than 24 hours) of temperatures at or above 27° C. 
Restoration of instream habitat will promote the formation of gravel bars and the natural meander pattern associated with healthy aquatic ecosystems. These features promote downwelling to occur near the tail-end control of pools which is the driving force behind the surface – ground water interchange. As the structures create deeper pools and narrower channels over time, it is expected water temperatures will cool during the summer months and daily high temperatures should be reduced.
[bookmark: _Toc134193278]4.2 Electrofishing Surveys
Electrofishing is a commonly used technique to monitor and measure the abundance and density of juvenile Atlantic salmon and Brook trout. Electrofishing requires two field technicians to hold the barrier nets (one downstream and one upstream), two field technicians to scoop shocked fish and a fifth person is required to operate the electrofishing unit. The Zippen method, sometimes referred to as the removal method will be used to conduct electrofishing surveys. This method requires that each electrofishing site be sectioned off with barrier nets at both the downstream and upstream extent of the survey site to ensure that fish are unable to exit or enter the site while the survey is being conducted. Three sweeps of each survey site are conducted, with fish counted and measured after each sweep. The Zippen method requires that each subsequent sweep shows a declining in the number of fish captured, otherwise additional sweeps are required until consecutive sweeps with declining catches are completed. The 6 sites identified in this monitoring plan should take a crew of five field technicians 1 complete week to complete. For optimal results the electrofishing surveys should be completed in early July.
	Table 22: Electrofishing survey locations

	Site #
	River
	Coordinates

	1
	Brierly Brook
	45°36′1.11″N
62°05′28.493″W

	2
	Brierly Brook
	45°35′55.19″N
62°04′53.641″W

	3
	James River
	45°36′0.888″N
62°07′13.74″W

	4
	James River
	45°34′51.488″N
62°06′20.575″W

	5
	Hartshorn Brook
	45°33′48.763″N
62°08′6.106″W

	6
	Cameron’s Brook
	45°32′39.989″N
62°08′28.076″W

	7
	Beaver River
	45°32′26.413″N
62°08′0.885″W

	8
	Keppoch Brook
	45°31′38.255″N
62°08′29.907″W

	9
	West River
	45°34′19.754″N
62°02′42.061″W

	10
	West River
	45°33′31.453″N
62°04′33.074″W

	11
	Ohio River
	45°30′15.404″N
62°03′54.296″W

	12
	North Rights River
	45°38′32.874″N
62°01′13.047″W

	13
	North Rights River
	45°40′18.871″N
62°01′5.723″W
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Figure 48: 2023 electrofishing survey sites in the West and Right's watersheds.
[bookmark: _Toc134193279]4.3 Habitat Suitability Index Surveys (HSI)
HSI surveys will be completed to evaluate instream physical parameters. The surveys are used to characterize instream metrics such as pool quality, pool frequency, spawning habitat quality, spawning habitat frequency, invertebrate diversity, and instream cover. Each category of habitat is evaluated and receives a suitability score between 0 and 1 based on the data collected during the survey. A suitability score of less than 0.4 represents highly degraded habitat. A rating between 0.4 and 0.8 is classified as marginal habitat. Categories that score 0.8 or higher are considered high quality habitat that is conducive to salmonoid activity. 
Refer To Appendix A for methodology and spreadsheet interpretation guidelines.
	Table 23: HSI survey locations

	Site #
	River
	# of Sites

	1
	Brierly Brook
	20

	2
	James River
	20

	3
	Hartshorn Brook
	10

	4
	Cameron’s Brook
	10

	5
	Keppoch Brook
	10

	6
	Beaver River
	20

	7
	Ohio River
	20

	8
	North Rights
	20

	9
	South Rights
	20

	
	Total
	150
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Figure 49: 2023 HSI survey sites.

[bookmark: _Toc134193280]4.4 Atlantic Salmon Redd Count Surveys
An important component of this monitoring program is the redd count surveys conducted from November to December each year. During the redd counts, a trained guide will walk specific stretches of the river and identify and keep track of salmon redds. A redd is essentially a nest the female salmon creates in the substrate. The female will choose a location, typically located in a riffle section of the watercourse and she will excavate a pit with her tail creating a depression in the gravel bottom where she will lay her eggs. Once the eggs are laid and fertilized, she will cover the pit with gravel to protect them. The disturbed gravel stands out very clearly against the darker colored, undisturbed substrate around it.
These surveys are conducted to determine how many adults are returning to spawn. Because we don’t walk the entire stretch of river and tributaries counting redds, specific sites are chosen and then use the redd count numbers to determine a density per 100m2. Below is a map and table highlighting the sites chosen for our redd count surveys.
[bookmark: _Toc134193281][bookmark: _Hlk128144185]4.4.1 Historical Atlantic Salmon Redd Count Data
Floyd, MacInnis and Taylor (2009) have found that the introduction of artificial structures made to emulate fallen trees into streams devoid of woody debris has a positive correlation with salmon spawning densities. Floyd et al. (2009) had conducted their study in Brierly Brook in which they sought to record the effects of instream restorative structures on salmonid populations. They had been recording data since 1992, three years before the first set of artificial woody structures were installed in a reach of Brierly Brook. They had three sites that they used to measure the effects from these structures, the “Old Restored Site” in which structures were installed in 1995, the “New Restored Site” which had structures installed in 2003, and a Control Site in which no structures were installed prior to or during the duration of their study. The Old Restored Site was 300m in length, the New Restored Site was 350m in length, the Control Site was 400m in length; and it was stated that both Restored Sites contained five structures each (all digger logs) (Floyd et al., 2009, p. 274).
Since the installation of structures in 1995, the spawning densities of the restored section of Brierly Brook at this time (the Old Restored Site only) had improved immensely. In 1995 they recorded 3 redds/100m in this section, compared to its history of zero redds per 100m each year prior to structure installation (from 1992). Meanwhile, the New Restored Site had 2 redds/100m and the Control Site had about 1.5 redds/100m. Unlike the Old Restored Site’s previous annual recorded spawning densities of zero, the New Restored and Control Sites had weak spawning site presence that slowly climbed since 1992 – records show that both sites had redd counts <1 per 100m in 1992, those which were approximately equal to 1 per 100m in 1993, and 1.5 redds/100m and 1.8 redds/100m, respectively, in 1994.
The following year, in 1996, redd counts spiked for the Old Restored site. Now a year since establishment, it was hosting 7 redds/100m. The two unrestored sites saw a slight improvement, both measuring 2.5 redds/100m. Their research illustrates the continuation of this trend, wherein the spawning densities in the Old Restored Site substantially surpassed the densities in the other two sections being monitored – both unrestored -- each following year, with the exception being 1999. In 2003 structures were installed in the New Restored Site; redd counts at this newly restored site were immediately upwards of 3 redds/100m from close to zero the year before, similar to the improvement witnessed in 1995 at the Old Restored Site. For comparison, the Control site had 1.3 redds/100m in 2003. By 2004, spawning density at the New Restored site was sitting at the same high levels of spawning habitat density that the Old Restored site was experiencing within the same year. The two restored sites were experiencing densities of 7.5 redds/100m in 2004 for the Old Restored Site and 7.8 redds/100m for the New Restored site, while approximately 2.9 redds/100m were recorded in the Control Site that year.
Floyd et al. (2009) had also recorded higher salmon fry and parr densities in areas post-restoration as opposed to their measures of fry densities in both the Control Site and these two Sites prior to structure installation. This is due to the improvement of salmonid habitat that is a result of the functions of the digger logs installed.
Brierly Brook was surveyed again in 2021 and 2022 to assess the suitability for Atlantic salmon spawning. The survey was conducted by MacInnis Natural Resources, in which they recorded redd count data from a 4.5km stretch of Brierly Brook over three different days each year (November 21, 22, and 28, 2021 and November 26, December 3 and December 10, 2022). The selected section of stream had already had previous restoration work done, composed of digger logs and deflectors. The area was divided into three sites for the purpose of their research: above the Brierly Brook Road bridge, between the Brierly Brook Road bridge and the School Road bridge, and below the School Road Bridge. Each day they had surveyed the entire span of the selected area.
They report counting 50 redds overall during their observation period in 2021, with 36 located in the section of the site above the Brierly Brook Road bridge. The remaining 14 were between the two bridges. There were zero found below the School Road bridge, but they note that adult Atlantic salmon were present here. Their total count was nearly identical the following year, with the total number of redds observed being 51 in 2022. They reported 24 in the upstream section above Brierly Brook Road bridge, 14 again in the section between the two bridges, and 13 in the lower section below the School Road bridge where there had previously been zero. It is unclear what the number of redds per 100m was, as the site lengths were not indicated for either year. They point out in their report that all 101 redds observed over the two years were located near newly installed structures.
[bookmark: _Toc134193282]5.0 Breakdown of Watershed Stewardship Plan
The conservation activities present in this plan are prioritized based on several metrics including landowner permission, severity of degradation, and the potential to prevent serious adverse effects to occur or exacerbate. While restoration work is proposed in several tributaries within the West River Watershed, not all tributaries had potential for restoration based of the previously mentioned metrics. Therefore, priority assessment and planning work were given to streams and reaches within the West River watershed that had potential for instream restoration work.
This conservation plan is focused on providing a step-wise year to year plan for the ARA to guide their future river restoration activities. The plan focuses specifically on what is feasible to complete in the next five years (2023-2027) assuming similar levels of volunteer commitment and financial support that have been typical for their organization over the past decade. A five-year plan also represents the most feasible time frame for river restoration work to be planned for. The changing nature of river systems generally makes planning specific activities in the long term a difficult and unrealistic task.
	Table 24: Five-Year Conservation Plan

	Year
	Planned Conservation Activity
	Financial Budget

	2023
	West River Main Branch: 
Restoration will be completed to address stream bank erosion and to establish a wooded riparian zone via tree planting of native floodplain species. The restoration techniques used to stabilize the riverbank will use armour rock and root wads. This will improve summer water temperatures and minimize sediment supply that is impacting downstream spawning habitat.
	

	
	West River Main Branch: Tree Planting
	

	
	Ohio River Instream Restoration:
Work will be completed using a field crew to install digger logs, deflectors, and rock sills above the Ohio West Side Road bridge. The restoration site is 1 km long with the goal of decreasing channel width, improving spawning habitat, and increasing pool habitat.
	

	
	North Right’s River Instream Restoration: 
Work will be completed using a field crew to install digger logs, deflectors, and rock sills below the Lower North Grant Road bridge. The restoration site is 1 km long with the goal of decreasing channel width, improving spawning habitat, and increasing pool habitat.
	

	
	Ohio River Monitoring:
HSI Surveys (20 sites), temperature probe deployment, electrofishing – collect sufficient baseline data in order to measure restoration progress and efficiency.
	

	
	North Right’s River Monitoring:
HSI Surveys (20 sites), temperature probe deployment, electrofishing – collect sufficient baseline data in order to measure restoration progress and efficiency.
	

	
	James River Spawning Enhancement: 

	

	
	Baseline data collection for future restoration projects:
20 HSI surveys completed in Hartshorn Brook, Beaver River, Keppoch Brook, and South Right’s River.
	

	2024
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[bookmark: _Toc134193285]HSI Methodology   
Channel width, in particular bankfull width and wetted width are both measured at each transect.
[image: Diagram
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Figure 50: Cross-sectional illustration of a floodplain with measurements depicted.
The following steps for collecting bankfull width and bankfull height are found below (adapted from the NSHSI field assessment protocol):
• At each cross-section, a bankfull width and its height above the water level is taken
• Start measuring from the left bank looking downstream
• Pin the measuring tape into the banks or have a colleague hold the tape at the bankfull level and record the width on the field sheet
Using a meter stick or second measuring tape, measure the bankfull height from the water surface to the top of the bank and record it on the field sheet.
The following steps (adapted from the NSHSI Protocol) are followed when measuring wetted width and wetted depths:
• At each cross-section, a wetted width and three wetted depths are taken at distances of ¼, ½, and ¾ across the wetted portion of the cross-section from left to right looking downstream.
• Pin the measuring tape into the banks or have a colleague hold the tape perpendicular to the banks at the edge of the water and record the width on the field sheet under wetted width.
• Divide the wetted width by 4 to determine the length of each quarter section.
• Starting at the left bank use the meter stick to determine the depth of the water at distances of ¼, ½, and ¾ across the wetted portion of the cross-section.
• Use the water level on the downstream side of the meter stick to determine depth as the level on the upstream side may be affected by stream velocity.
• An estimated negative depth, or height above the water level, should be taken if a measurement is located with no water depth in the adjacent area (an island or section of riffle with no significant depth or flow). A measurement of zero can also be taken if the river bottom is approximately the same height as the water level.
• A depth can be taken in a nearby representative area of the location if a depth location is on a rock or other feature that would misrepresent the cross-section (a boulder above the water level but with the adjacent area exhibiting depth).
Substrate composition is measured using a quadrant tool to calculate the composition of various substrate types (fines, cobble, gravels, boulders, and bedrock). Substrate size and embeddedness is measured using a random rock grab method, whereby three rocks are randomly selected from observed spawning areas and measure and record the diameter. Siltation lines are observable features on instream substrate that indicate the extent of siltation within the channel, the percentage of each rock that is below the silt line is recorded as a measure of embeddedness. The higher the percentage of rock that is covered by silt, the higher the level of embeddedness. The area of spawning habitat is calculated by recording the dimensions of each observed spawning area.
Cover is measured by using wooden dowels (10 cm and 30cm each) that are representative in size of juvenile fish and adult fish. These dowels are used to quantify the carrying capacity for juvenile Atlantic salmon and Brook trout and adult Brook trout based on the total cover available for each ageclass of fish across each HSI transect. Each dowel is manually moved across each transact, where potential cover features are evaluated by physically moving the dowel underneath potential cover (e.g. large rock or embedded wood). If the potential cover is sufficient to provide complete cover for the dowel, it is counted towards the overall number of fish. Cover for fish can be provided by instream debris, over-hanging vegetation and either boulders substrate for adult fish and cobble substrate for fry and parr.
Spawning habitat is evaluated based on substrate composition, substrate size (diameter), the level of embeddedness) and the overall area of spawning habitat. Atlantic salmon and Brook trout require spawning habitat that is comprised primarily of gravel and cobble. The presence of fines, boulders and bedrock are known factors that contribute to increased egg mortality and therefore are calculated against the spawning score. In order to receive a very good score (<0.80) observed spawning habitat must have an average substrate size between 2cm and 9.5cm and the level of embeddedness must be >5%. Spawning habitat that does not meet one of these criteria receives a moderate score (0.60 to .79) and spawning habitat that does not meet either criteria will receive a poor score (>0.60).
[bookmark: _Toc134193286]HSI Spreadsheet Interpretation 
The NSHSI Excel spreadsheet evaluates data collected in the field based on suitability models so that limiting factors can be easily identified for both Atlantic salmon and Brook trout. The formula calculates 15 important criteria for each species in a range from 0-1, where poor quality is given a value of less than 0.4, moderate quality has a value between 0.4 and 0.8, and good quality has a value of greater than 0.8.
The criteria evaluated are:
• percent pools,
• pool class rating,
• percent instream cover for adults and juveniles,
• dominant substrate type in riffle run areas,
• vegetation along the streambank,
• rooted vegetation and stable rocky ground,
• water temperature, pH, size of substrate in spawning areas,
• Percent fines in spawning areas,
• percent fines in riffle-run areas,
• substrate size class for winter escape,
• thalweg depth during late growing season,
• percent stream shade
[bookmark: _Toc134193287]Channel Width
Bankfull width is the distance between the start of bank vegetation on one side of the channel across to the start of vegetative growth on the opposite bank. Areas that are flooded during bankfull discharge events are typically bare of vegetation and therefore easily identifiable.
[bookmark: _Toc134193288]Channel Depth
Channel depth is measured by recording the thalweg (deepest section of the channel) and is important metric for assessing fish migration potential. For Atlantic salmon and Brook trout a thalweg depth greater than 15cm is an important requirement for upstream migration, therefore thalweg depth is measured and recorded at each transect throughout the HSI study site. Instream structures are installed to promote the narrowing of the channel, which will reconnect the floodplain, thus promoting the recovery of natural instream features.
Late Season Growing for Adult Brook Trout
This metric is used to assess overall depth of pool habitat. This is important for Brook trout parr and adults as they primarily feed in pool habitat. A lack of sufficient depth in these areas increases the impacts of predation and mortality during feeding periods. A thalweg depth of 40cm or greater is required for a very good score, a depth of 20-40cm is required for a moderate score, and a depth less than 20cm is considered poor.
Fry Water Depth
This metric provides a score to the thalweg depth in riffle habitat, an important metric for both Atlantic salmon fry and Brook trout fry. A depth of 20cm or greater is required for a very good score, a depth of 10-20cm is required for a moderate score, and a depth less than 10cm is scored as poor.
Parr Water Depth
This metric provides a score to the thalweg depth in run habitat, which is critical for Atlantic salmon parr rearing. A depth of 30cm or great is required for a very good score, a depth of 20-30cm is required for a moderate score, and a depth less than 20cm is scored as poor.
[bookmark: _Toc134193289]Pool Class Rating
Pool class rating is evaluated by measuring low flow pool depth and the amount of pool cover. Low flow pool depth is measured by subtracting the depth of the tail-end control form the thalweg depth (deepest point of the pool). Percentage of instream cover is measured by calculating the percentage of the pool area that contains suitable cover for fish from birds of prey. Features such as embedded logs, over-hanging vegetation, and deep water that prevents bottom visibility are considered cover for pool habitat as they provide areas for fish to hide without exposure to predators.
[bookmark: _Toc134193290]Percent Pool Habitat
The total area in each HSI site that is considered pool habitat is an important metric for evaluating Atlantic salmon and brook trout habitat. Ideally for brook trout, each HSI site is comprise of >50% in pool habitat, while Atlantic salmon require >25%. Most of the Atlantic Salmon’s adult life stage is spent in the marine environment, therefore less pool habitat is required for that species’ survival.
[bookmark: _Toc134193291]Substrate
To quantify substrate, each HSI site was divided into three transects, spaced at intervals equal to 2 widths the channel design. The substrate was evaluated at each transect using a 1m2 quadrant divided into 20 squares, each square representing 5% of the substrate surface area. The quadrant is used at 3 points across each transect to measure substrate, providing a representation of the total cross section of the channel. Substrate material is classified as fines, gravels, cobbles, boulders, or bedrock.
Dominant Substrate Type in Riffle and Run Areas
Riffle and run habitat features should contain substrate of at least 50% cobble and the percentage of either boulders or gravel should not exceed 25% each. Furthermore, the presences of any fines or bedrock in either of these features is a sign of degradation and reduces the value for this metric, as the presence of fines in these areas can adversely affect survival, food production, and escape cover from predation (Raleigh, R.F., 1982). The values for both Atlantic salmon and brook trout are based on the same conditions for this metric. 
[bookmark: _Toc134193292]Instream Cover
A score is generated based on the overall composition of each measured area and is dependent on the characterization of each transect (e.g., pool, riffle, or run). Riffle habitat should contain a mixture of cobbles and gravels while pool and run habitat should contain mostly cobble and boulders. Pools, riffles, and runs provide cover for different life cycles of Brook trout and Atlantic salmon. Riffle habitat provides cover for the Atlantic salmon fry, run habitat provides cover for Atlantic salmon parr and adult brook trout, and pools provide cover for adult Atlantic salmon. Scores are generated for each life stage based on their requirements for cover and the level of embeddedness at those sites.
Instream Cover for Fry
High numbers of juvenile densities are associated with large, deep, low-velocity pools with abundant instream cover, overhanging vegetation, and gravel-cobble substrate (Raleigh, R.F., 1982).
Instream Cover for Atlantic Salmon Parr
A high pool percentage and pool class rating is considered essential cover for salmon parr as they provide salmon the ability to successfully migrate, access suitable holding habitat, and the ability to survive and spawn successfully (Raleigh, R.F., 1982).
Instream Cover for Brook Trout Parr and Adults
Brook trout parr occupy the same habitat features as those of adult Brook Trout, therefore a single metric is used to score both life stages.
[bookmark: _Toc134193293]Spawning Habitat
Spawning habitat is evaluated on two metrics: substrate size and embeddedness. A very good score contains substrate ranging from 2-9.5cm in size and is less than 5% embedded. A moderate score meets 1 of these 2 criteria, and a poor score does not meet either criterion.
[bookmark: _Toc134193294]Riparian Zone Vegetation
Riparian zone vegetation is evaluated by measuring the percentage of ground covered by trees, shrubs, grasses, and hedges, and bare ground within 10m from the bank’s edge.
[bookmark: _Toc134193295]Riverbank Stability
The metric is evaluated by measuring the percentage of each streambank that is covered in stable rooted vegetation and the percentage of streambank that is actively eroding.
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