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ABSTRACT

The construction of Wareham Dam on the Mayo River (in 1952) has prevented adult and juvenile fish
passage into the spawning and rearing habitats upstream of the dam and has regulated the flows
downstream of the dam. In 2003, an analysis of historic air photos for the area below Warecham Dam
suggested that construction and possibly the operation of the dam has reduced the length of secondary
channels. The reduction of secondary channels is thought to decrease the rearing opportunities for
juvenile chinook salmon (Oncorhynchus tshawytscha). Two pilot projects to mitigate this concern via
restoration of a side channel and improvement of a groundwater fed channel were implemented in 2004.
These works included lowering existing channels via excavation and the addition of fish habitat features.
The techniques described in this report may be a viable option for improving juvenile chinook salmon
habitat; however, longer term monitoring is required to determine the true value.
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1.0 INTRODUCTION

The Mayo River' is a significant chinook salmon (Oncorhynchus tshawytscha) spawning and rearing
river in the Stewart River drainage. However, construction of the Wareham Dam in the early 1950’s has
significantly reduced the habitat accessible to salmon. This dam, which is located approximately 12 km
upstream of the Stewart River confluence, prevents upstream migration and has reduced the amount of
spawning and rearing habitat available to chinook salmon. Buchan (1993) compiled local and traditional
knowledge which indicated that chinook salmon were historically observed as far upstream as Roop
Lake (upstream of Mayo Lake). This study also found a report of hundreds of king (chinook) salmon
swimming below the dam the year following construction. Kendel (1973) noted that, prior to the
construction of Wareham Dam, the main spawning grounds were located at the outlet of Mayo Lake.

A 2003 analysis of historic air photos for the Mayo River below Wareham Dam suggested that
construction and the operation of the dam has reduced the length and abundance of secondary channels
(Tobler and Miles 2004). Similar changes have been documented on numerous other regulated rivers.
This reduction of secondary channels was thought to decrease the rearing and overwintering
opportunities for juvenile chinook salmon.

As the capacity of the Mayo River for salmon production has decreased significantly since the
construction of the dam, ensuring that remaining habitat is in a productive state is essential to
maintaining the Mayo River chinook salmon population. The ‘2003 Lower Mayo River Chinook and
Channel Assessment’ (Tobler and Miles 2004) identified a number of potential of channel sites that
could be improved to offset the apparent loss of habitat. This approach was selected due to the success
of these types of works in other jurisdictions. Development and rehabilitation of off-channel areas is
receiving increased attention as a practical means of restoring salmonid fish habitat (Lister and Finnigan
1997). In general, this type of restoration has successfully provided spawning and rearing habitat for
both coho salmon (O. kisutch) and chum salmon (spawning only; O. keta). While chinook do not spawn
in off-channel habitat, some interior British Columbia stocks make use of off-channel ponds and side
channels associated with tributaries for juvenile rearing and overwintering (Anonymous 1987; Swales
and Levings 1989 in Lister and Finnigan 1997). For the Mayo River, candidate sites included existing
side channels, groundwater channels and back channels that would provide more habitat value if
deepened via excavation.

Two sites (B and E) were chosen for a pilot restoration project in 2004. These were selected because the
deepening of the channels at these sites was considered to have potential to create high quality rearing
habitat during most flow conditions. It was envisaged that both these sites had to the potential to create
rearing habitat that roughly resemble that of a non-natal stream. Studies within the Yukon River
drainage indicate that underyearing (0+) chinook often move into small non-natal streams for rearing
purposes (Bradford et al. 2001).

Site B is a 10 m wide side channel that becomes mainly dry during low flow conditions (Photo 1).
During summer low flows, evidence of groundwater with hyporrheic® origin (pockets and pools of
cooler water compared to the surface flows in the river) were present throughout this channel (Tobler

' (Watershed code: 832-00000)
? The region of saturated sediments beneath and beside the active channel that contains some portion of surface water — water
that was part of the surface channel and returned underground (Edwards 2000).

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 1
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and Miles 2004). This channel was selected for restoration due to its accessibility and a high likelihood
to provide juvenile chinook habitat by excavating into the hyporrheic zone.

R L) Bt
Photo 1. Upstream view of Site B (July 27, 2003).
Site E is a year round groundwater fed channel located in an abandoned side channel of the Mayo River.
Prior to construction, the majority of the channel was shallow (10-30 cm depth) and flowed over a mix
of organics, gravel and fine sediments (fines and organics over a gravel base; Photo 2). Site E was
chosen due to the reliability of year round groundwater flow and the channel’s potential as a rearing area
for juvenile chinook.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 2
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Photo 2. Upstream view of Site E (July 003).
1.1  PROJECT OBJECTIVES
The objectives of this project included:

1. Re-construction of secondary channels along the Lower Mayo River as a means of restoring off-
channel habitat for juvenile chinook salmon;

2. Development of a monitoring program to record the physical and biological (use by juvenile
chinook) effectiveness of the constructed channels; and

3. Provide training, employment and capacity building to local members of the community of
Mayo.

1.2 LOCATION OF STUDY AREA

The Mayo River drains a watershed of approximately 2,640 km?® and flows into Stewart River near the
community of Mayo. Mayo River is currently dammed in two locations, directly downstream of Mayo
Lake and approximately 12 km upstream from the mouth (Warecham Dam). The project study area was
focused on 2 sites (B and E). Site B is located approximately 1.5 km from the mouth of the Mayo River
and Site E is located 5 km upstream from the mouth (Figure 1). Site B is accessed from the sewer
lagoon road on the west side of the river. Site E is accessed from a newly established fireguard across
the Silver Trail (highway) from the Mayo Airport.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 3
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20 METHODOLOGY
The study was conducted in a number of steps, which are summarized below.
2.1  PERMIT ACQUISITION

A Type B Water License (for Conservation Undertakings) from the Yukon Water Board was required
because the works proposed included the removal more than 100 m® of material from the stream. A
Land-Use Permit from the Yukon Government Lands Branch (part of Energy, Mines and Resources)
was required because large machinery and an access trail greater than 1.5 m in width were required.
Biologists from Environmental Dynamics compiled and submitted information about the proposed
projects to the Yukon Water Board and Yukon Government Lands Branch. A detailed description of the
process is described in Section 3.1.

2.2 CHANNEL CONSTRUCTION

The construction was directed and overseen by a Biologist from Environmental Dynamics Inc. and a
Geomorphologist from M. Miles and Associates Ltd. Construction closely followed the plans and
permitting requirements. Equipment works were completed by two local contractors (Ewing Transport
and Wilf’s Contracting), and assisted by a crew of field workers made up of NND citizens. In addition
to assisting with the construction, field workers completed fish salvages, bioengineering, surveying and
collected water quality data. A detailed description of the construction process is described in Section
3.2.

23 YEAR 1 MONITORING

An interim monitoring program was developed to gain some knowledge of the success of this project. A
longer term monitoring plan (to replace this interim plan) is presented in Appendix B.

Interim monitoring was initiated in the fall of 2004. The first step of the monitoring component was to
set up permanent sampling stations. These stations are located in restored habitats, a natural side
channel (used as a template) with suspected year round flow and the Mayo River mainstem. Specific
information from each station is outlined in Table 1 and presented on figures 2 and 3.

The following parameters were expected to be sampled on a monthly basis (overseen by NND Lands
and Resources and Environmental Dynamics Inc.):

Juvenile Chinook Sampling (for abundance and fork length)

Dissolved Oxygen

Water Temperature

Water and Ice Depth

Discharge (for side channel habitat only and only during open water season).

? Fish sampling will be conducted via minnow trapping (as per DFO 1994 protocol) as water/ice conditions allow.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 5
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In addition, StowAway Tidbit temperature loggers were placed in the newly constructed habitats to

provide a constant (four times daily') monitoring of water temperature conditions.

collected in the spring.

These will be

Table 1. Interim monitoring program sampling stations.

Station | Location Rationale for Sampling
Name
B1 Downstream portion of the | Assess water quality and juvenile chinook use of newly
restored channel constructed habitat.
B2 Middle portion of the Assess water quality and juvenile chinook use of newly
restored channel constructed habitat.
B3 Upstream portion of the Assess water quality and juvenile chinook use of newly
restored channel constructed habitat.
B4 Pool upstream of new Compare water quality and juvenile chinook use at a natural
channel pool upstream of the site.
T1 Pool in natural (template) | Compare water quality and juvenile chinook use at an
side channel existing side channel with significant flow levels to restored
habitats.
T2 Pool in natural (template) | Compare water quality and juvenile chinook use at an
side channel existing side channel with significant flow levels to restored
habitats.
M1 Mainstem Mayo River Compare water quality and juvenile chinook use within
mainstem habitat.
M2 Mainstem Mayo River at Compare water quality and juvenile chinook use within
bridge site mainstem habitat.
El Upstream portion of Assess conditions and current juvenile chinook use of
groundwater channel restored groundwater habitat.
E2 Middle portion of Assess conditions and current juvenile chinook use of
groundwater channel restored groundwater habitat.
E3 Downstream portion of Assess conditions and current juvenile chinook of
groundwater channel groundwater habitat in a control area (downstream of
proposed restoration site).

! This deviation from local standards (every hour) was selected as the goal was to measure temperature over the long term,
rather than picking up daily patterns.

EDI Project #: 04-YC-0013
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3.0 RESULTS
The results for each component of the project are described in the following sections.
3.1  PERMIT ACQUISITION

Preparation of the permitting applications and was initiated in the spring of 2004. In efforts to make the
process easier, an Environmental Management Plan (EMP) was prepared. The EMP described the
fisheries values of the sites, a brief rationale for the works and detailed ‘Best Management Practices’ for
construction. This EMP and the required application forms' were submitted to the Yukon Water Board
and the Yukon Land-Use Branch on May 13, 2004. On June 24, 2004, the project team received a letter
from the Licensing Officer from the Water Board outlining concerns and additional information that was
required.

As excavated groundwater channels for fish habitat improvement is a new technique in the Yukon, it
was apparent that there was a need to provide some additional information to the regulatory agencies
and a thorough explanation on the rationale for the project. A meeting was held with a Water Board
Licensing Officer to help clarify and address some of the concerns. In addition, a site tour with Water
Board personnel was completed on July 6, 2004. From these two meetings, it appeared that one of the
more significant concerns was the uncertainty of a water source for Site B (Site E had year round surface
flow already). Although the study team believed there was enough evidence that the proposed works
would intercept hyporrheic groundwater flow, a decision was made to split up the application into one
for each site. This method was implemented to create a better chance of obtaining licenses/permits for
least one of the sites in 2004.

Two separate applications were resubmitted on July 15, 2004. Prior to this time the study team received
more supporting information on groundwater presence adjacent to Site B from a permafrost researcher
(Dr. Chris Burn from Carleton University). This information, although not exactly what the Yukon
Water Board had requested (test pits and pumping data), was incorporated into the application. During
the review process for the projects, two letters of support were submitted (Mayo Renewable Resources
Council and Fisheries and Oceans Canada). No negative comments were received.

In mid September, the project team received notification that Water Licenses and Land Use permits had
been granted for the projects.

3.2 CHANNEL CONSTRUCTION

Construction at Site B was initiated soon after the approvals were granted (October 4 - 9, 2004).
Construction at Site E was delayed until November 12, 2004 for logistical reasons.

! Forms that had to be filled out include a ‘Schedule 4 Application’ and ‘Information Sheet for Miscellaneous, Recreational
& Conservation Undertakings for a Type B Water Use Licence’ for the Water License and ‘Application for Land Use Permit’
for the Land Use permit’.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 9
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3.2.1 SiteB

On October 4, a number of measures were completed to prepare the site for the construction works.
First the geomorphologist and the biologist reviewed the plans and completed the field layout (i.e. site
markers every 10 m and at pool locations). Pre-construction surveys were initiated' and included cross-
sections at each 10 m mark and pool location. The treatment area was 240 m in length (Figure 4).

A cofferdam” was constructed downstream from the construction site in order to effectively isolate the
site from the Mayo River (Photo 3). Trash type water pumps were setup immediately upstream of the
dam to move sediment-laden water from within the construction site to a natural depression away from
the any waterbody. Once the site was isolated, seven baited minnow traps were set within the isolated
worksite and left overnight. In addition, one trap was set in the adjacent natural side channel with flow
(Template Channel: Monitoring Site T1) and water quality data was collected.

R . '-lﬂ e s
Photo 3. Cofferdam in place during construction process at Site B.

On October 5, two juvenile chinook (0+) and two slimy sculpin (Cottus cognatus) were captured in the
minnow traps and released downstream of the site. In addition, 1 chinook (0+) and 5 slimy sculpin (2
mortalities) were removed from the upper portion of the site via electrofishing (October 6). As a
comparison, 21 chinook (0+) were captured in the trap set in the natural template channel. Table 2
summarizes the sampling data prior to the construction.

! Pre-construction survey works continued for 2 more days while the construction was being completed.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 10
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Table 2. Pre-construction fish sampling and water quality data for Site B and the template (control)

channel.
Parameter Site B Template Channel
Average Water Temperature (°C) 10 7
Average Dissolved Oxygen (mg/L) 6.6 14.75
Chinook Captured/Minnow Trap Hour 0.017 1.07

Excavation was conducted from October 5-7. The excavator (Cat 325B) started by constructing an
access road near the middle of the site (Photo 4). Efforts were made to minimize the width of this road
and associated clearing. Once completed, the excavator moved to the downstream end of the site and
commenced excavation of the channel in an upstream manner (Photo 5). All spoil (bed material) was
loaded into a dump truck and hauled to a local gravel pit. Working from within the dry channel allowed
for minimal bank disturbance. Ten pools were excavated (depths of 1-1.5 m) and were separated by
shallower riffle areas (0.5 m average excavation). Figure 5 shows a profile on how the excavation was
roughly based on. Pools were constructed in areas where there were natural low spots (small pools) in

the channel.

R

Photo 4. View of temora access road (looking towards the channe) -

EDI Project #: 04-YC-0013
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Photo 5. Excavation works on the lower portion of the channel.

Pre constuction channel bed

Average Depth
0&5m

Average Depth
10-15m

A

Post contruction channel bed

«——PoolHabitat —s+—— Riffle Habitat————

Figure 5. Typical channel profile used a model for the excavation works at Site B. The hatched areas at

the downstream ends of the pools were armoured with larger rocks (30 mm to 300 mm) as available
(placed by hand).

Figure 6 shows the typical cross-sections that were used for the construction of the pool and riffle
habitats at Site B. These cross-sections and slopes were arrived at through the review of relevant
literature regarding the construction of stream channels (Newbury and Gaboury 1993).

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 13
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Typical Pool Cross Section

4.

Typical Riffle Cross Section

<~
-7
\Y
/O/O@

Figure 6. Cross-sections of typical riffle and pool habitat used for excavation works at Site B. For
pools, the steeper slope (1:1) was located on the outside bend (if bend existed).

Woody debris was added to the channel with the excavator and by hand as available. Woody debris
consisted of logs that were present in and around the channel. They were placed along the margins of
the stream channel to match the natural patterns in this and other Mayo River side channels. They were
not anchored and some natural movement is expected.

When the excavation reached the access road, the downstream portion of the excavation was complete
and the excavator moved to the upstream end of the site and worked in a downstream direction. This
method allowed the excavator to start from the dry portion of the channel and work its way downstream
to the access road. This also provided time for the downstream excavated section to settle and the water
to clear. At the upper extent of the excavation, logs were buried into the channel to reduce the potential
for downcutting. The excavation of pools and riffles continued until the excavator reached the access
point. The upstream and downstream excavations were then connected in a gradual manner with the
excavator positioned on the access road.

Table 3 describes the motorized equipment and time that was required for the completion of this project.
In addition, various hand tools, surveying gear/supplies, a spill kit and fish sampling gear was used.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 14
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Table 3. Equipment and time required for Site B.

Equipment Time
Cat Excavator 325B 30 hours
Dump Truck 22.5 hours
Two 4 inch Trash Type Water Pumps 3 days each
2 inch Trash Type Water Pump. 3 days

Throughout the conduct of the excavation, sediment-laden water within the work site was pumped into
vegetated depressions away from the Mayo River. Project team members monitored the pump discharge
areas to ensure that sediment-laden water was not reaching the Mayo River. Pumps were operated as
required (when turbid water was visible at the downstream end of the site). This included leaving them
running when the crew left the site in the evening, and refueling later in the evening when required.
These methods resulted in only a negligible amount of sediment reaching the Mayo River
through/around the dam.

This lowering of the channel intercepted the groundwater flow; thereby, creating potential fish habitat in
this area during most if not all flow levels. Photos 6 to 9 show two locations along the channel prior to
and immediately following construction (locations are referenced as the distance from the downstream
end of the site).

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 15



2004 Lower Mayo River Chinook Habitat Restoration — CRE 19N-04

- - e

i "

Photo 6. Upstream Vew from 160 m — Pre-construction.
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Photo 7. Upstm view from 160 m — Post-construction.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc.

16



2004 Lower Mayo River Chinook Habitat Restoration — CRE 19N-04
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m 100 m — Post-construction.
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Photo 9. Downstream Viw fro
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The bank that was disturbed to build the temporary access road was restored by constructing live brush
layers. This bioengineering technique involved the planting of willow (Salix spp.) and red osier
dogwood (Cornus stolonifera). The bank was constructed with logs (as a base) and grass seeded soil
lifts wrapped in a bio-degradable erosion control matting (North American Green C125BN). The access
road behind the bank was recontoured, covered with woody debris and grass seeded.

A post construction survey of the channel at the same intensity of the pre-construction survey was
conducted to provide a baseline from which to monitor change. Additional information pertaining to the
survey is presented in Appendix A.

Photo 10. Restoration of temporary access road. Willow stakes were planted in bank, soil lifts
were placed on top, grass seeded and wrapped with erosion control matting.

EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 18
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Photo 11. Restoration of temporary access road showing completed bank restoration works.
Note the road area behind the bank was leveled off, grass seeded and covered with woody debris.

3.2.2 SiteE

In October 2004, the project team laid out (flagged) the extent of restoration at this site. The works
included excavation/deepening of three existing pools (Figure 8). These pools were quite shallow
(approximately 20 cm depth) and provided little cover for fish. The existing riffles between the pools
were functioning well and as such were not treated. Figure 7 shows a general profile of the excavation
works (the same target cross sections were used as at Site B; Figure 6).

Pre constuction channel bed

3
%

Post contruction channel bed

Average Depth
1.0-15m

&
o 3

£— Riffle Habitat Pool Habitat ———

Figure 7. Typical channel profile used a model for the excavation works at Site E.

No surveying was completed at this site due to budgetary constraints. This was considered acceptable
due to the stability of this site especially compared to Site B (i.e. no surface flows coming into the
upstream portion of the channel from the Mayo River).
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On November 11, 2004, sandbags1 for the cofferdam were brought into the downstream end of the site
via snowmobile. Two minnow traps were set within the lower (downstream) two pools (and one
downstream of the site). On November 12, six juvenile chinook (0+) were captured within the site and
released downstream.

An excavator (Caterpillar 225LC) made its way to the downstream end of the site (via the fireguard). As
there was significant ice cover on the channel, the excavator had to break the ice in the lower pool
before the cofferdam could be installed. Two 4-inch trash pumps were set up upstream of the cofferdam
to remove sediment-laden water from the site (to a vegetated depression).

Excavation commenced with the lower pool and progressed in an upstream manner (Photo 12). The
frozen state of the banks allowed for minimal bank disturbance. Interestingly, the ice on the channel
actually assisted with the containment of the turbid water within the worksite. When the ice was
removed from the channel it lowered the water level within the area being excavated and temporarily
stopped flow from occurring downstream of the excavation area. As such, the turbid water did not move
downstream and minimal pumping was required (Photo 13 and 14). The project team left the site two
hours after completion of the excavation. The water had cleared up considerably and was not expected
to move downstream for another 4-8 hours (following the recharging of the pools with clear surface flow
from upstream of the worksite).  This observation likely indicates that the works did not intercept a
significant amount of groundwater (as visually detectable). Rather these pools will be fed by the
existing surface flow present in this channel.

Photo 12. Upstream view of site showing the downstream end of the site. The open water area
depicts the downstream most excavated pool.

! Approximately 50 large sandbags which were filled with sand at the local highways maintenance yard.
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Photo 13. Upst}am view of the upper limit of excavation. Note the lack of flow below the area
being excavated.

Photo 14. Downstream view of middle ool.
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The material excavated from the groundwater channel was placed behind streamside riparian vegetation
and covered with seed (general roadside mix) and hay (Photo 15). The hay was used to minimize
raindrop erosion and to aid in the re-growth of seeded and natural vegetation (i.e. provide a mulch).

o

Photo 15. Straw and seed placed upn eposed soil to prevent erosion and aid in the natural re-
growth of riparian vegetation.

Table 4 lists the motorized equipment and time required to complete the works at this site. In addition,
various hand tools, a spill kit and fish sampling gear were required.

Table 4. Equipment and time used at Site E.

Equipment Time
Caterpillar 225L.C 8.25 hours
Snowmobile 2 days
Two 4 inch Trash Type Water Pumps 1 day each

33 EARLY MONITORING RESULTS

Monitoring activities were undertaken in November 2004, and in February and March of 2005'. As Site
E was constructed in November 2004, the fall sampling provide some pre-construction (baseline) data

" Due to logistical and weather conditions, no successful monitoring events were completed in December or January. Also
February and March sampling was of a moderate intensity with only some stations and measurement sampled.
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rather than monitoring. Six juvenile chinook were captured in the location of the lower most pool (to be
excavated — E2) and six were captured in the control site (E1) downstream of the restoration worksite.
In general, the channel was quite shallow and oxygen levels were lower than the other sites (4.8 — 5
mg/l). No fish were captured at this site during February and early March 2005 sampling and oxygen
levels were quite low throughout the winter. In addition, on January 6, 2005 a site visit conducted by
von Finster (2005) found dissolved oxygen to be 5.1 mg/L near the upstream end of the site and 1.1
mg/L near the downstream end of the site.

The November 2004 sampling event at Site B and control habitats provided some interesting results.
Flow conditions at Site B during this monitoring event were variable. On the first day of sampling (Nov
9) the channel was completely fed by groundwater; however, on November 10, there was significant
surface flow coming in from the upstream end. This difference in conditions influenced the water
quality data. Table 5 shows the influence of surface flows on water temperature and oxygen levels (at
the mid point of Site B; monitoring site B2).  In the Mayo mainstem, unsafe ice around the edges and
high velocities in ice-free areas prevented fish sampling.

Table 5. Summary of water quality data in Site B2.

Parameter November 9 November 10
Water Temperature (°C) 5.5 2.5
Dissolved Oxygen (mg/L) 8.4 111

Comparisons between Site B and the natural side channel provided some insight into the dynamics of
the physical and biological components of the channels (Table 6). The groundwater influence of Site B
was reflected by higher water temperatures and less ice cover. In fact there was no ice cover on the
upper two monitoring sites (B2 and B3) and only 5 cm on the lowermost site (B1) compared to an
average of 36 cm on the natural side channel (T1 and T2). Juvenile chinook were captured at every site
within the Template Channel and Site B, with the exception of B4, which is located upstream of the
restored habitat. All chinook captured appeared to be 0+ (hatched in 2004). Refer to Appendix C for
complete data.

Table 6. Summary of November 2004 monitoring data in Site B and a natural side channel.

Site B’ Site B’ Mainstem
Parameter (Nov 9) (Nov 10)  |Natural Side Channel (T) (Nov 10)| (Nov 11)
Average Water Temperature (°C) 4 2.3 1 1
Average Dissolved Oxygen (mg/L) 8.2 10.8 12.6 12
Average Ice Depth (cm) 0-5 0-5 36 -
Average Water Depth (cm) 60 60 78.5 -
Chinook Captured/Minnow Trap Hour? 1.02 1.02 0.71 -

" Does not include B4 which is upstream of the restoration worksite.

The calculation of the number of chinook captured per minnow trap hour did not include capture data from a faulty trap at the sampling
location B2.

Monitoring in February 2005 was only partially completed due to time and logistical constraints. March
2005 sampling was completed in greater detail. Results for both these sampling results are presented in
Table 7 and Appendix C. Juvenile chinook were captured only at Site B in low densities; however,
sampling effectiveness and intensity in other areas (mainstem and natural side channel) was limited by
swift flow conditions. Water temperatures were slightly higher and dissolved oxygen was slightly lower
in the restored habitat compared to the natural habitats.
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Table 7. Summary of February and March 2005 monitoring data in Site B and control habitats.

Parameter Site B Natural Side Channel (T)' Mainstem (M)’
Feb March Feb March March
Average Water Temperature (°C) - 0.95 - 0.65 0.9
Average Dissolved Oxygen (mg/L) - 11.95 - 12.15 12.6
Average Ice Depth (cm) 62 51 105 56 80
Average Water Depth (cm) 94 130 90 108 155
Chinook Captured/Minnow Trap Hour 0.23 0.14 0 0 0

"Fish sampling in the natural side channel and mainstem was limited in intensity and effectiveness due to swift flow
conditions.

4.0 DISCUSSION

This project was a pilot project for the use of groundwater and channel modifications to improve
juvenile chinook rearing habitat in the Yukon Territory. As these methods were new to the Yukon,
some extra effort was expended to acquire the proper regulatory approvals (specifically the Water
License). It was important to show that the works would be successful in recruiting groundwater and
thus creating fish habitat. In addition, specific information on channel design (i.e. slopes, pool
frequency, depth etc.) is a typical requirement in the Water Licensing process. The more information
that can be provided will help with the Water Licensing process (i.e. much of the design must be
completed and included with the application). Future similar projects going through the Water License
process should benefit from the precedent and the successful implementation of these works.

The construction was well planned and no problems were encountered. Construction crews were helpful
with their practical expertise. Works to control erosion and sediment were implemented to a high
standard. The construction companies were sub-contracted on a per hour basis, which helped with the
high quality of work. It has been the experience of Envirommental Dynamics that these types of
construction works should not be tendered; rather, the design and environmental team should be
responsible for directing the construction crews.

The construction methods and equipment were well suited to the project. Practical and local knowledge
provided by the machine operators during the planning stage was essential in developing methods that
were successful. The large excavators were able to complete the works in an efficient manner. At Site
B, isolation of the site allowed the equipment to work from within the channel which prevented
extensive disturbance of the banks and vegetation. At Site E, the frozen state of the banks allowed the
excavator to work from the bank with minimal disturbance. When planning these types of works, it is
important to develop a plan that minimizes the impact to the environment and is still practical. Plans
should consider access of machinery, site conditions and the equipment to be used. Consideration of all
of these factors may in fact make these types of works not practical or undesirable at many candidate
sites.

The local involvement in the project was extensive and valuable. In the spring, the project concept was
presented in Mayo at a community meeting. This meeting provided the general public to learn about the
proposed project and provide feedback. Four NND field workers and three local machine operators
assisted with the construction. Participants (both the NND field workers and the machinery operators)
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were explained the value of the project and it appeared that they took a sense of ownership of the works.
Once the project was completed, a local high school class toured Site B and were explained the rationale
and values of these types of works. It is hoped this local momentum is continued throughout the
monitoring program.

4.1 Early Monitoring Results

It must be understood that the success of this project should be judged over the long term. The long
term monitoring program will provide valuable insight into the value of these works and will also help
with the understanding of the dynamics of juvenile chinook utilization of the Mayo River. Below are
some preliminary discussion points based on the three preliminary monitoring events.

Early indications show that Site B has been used by juvenile chinook salmon. The capture rate of
juveniles in November 2004 was higher for the restored habitat (1.02 chinook/hour) compared to the
template channel (0.71 chinook/hour). While densities appeared to be significantly lower in the
February and March 2005 sampling events, the presence of juvenile chinook is encouraging.

The late season timing of the restoration works at Site E may have limited the amount of use by juvenile
chinook salmon and other species during the winter of 2004/2005. A significant amount of ice at the
downstream end of this channel (approximately 30 cm with only 2-3 cm of flow as observed in
November), likely limited access to the site. Once the ice melts, the channel will become more
accessible and it is expected that chinook may move into the pool habitat created provided that water
quality (specifically oxygen levels) is suitable.

5.0 RECOMMENDATIONS

As this is a pilot project, the monitoring component described in Appendix B should be followed for at
least five years.

The results of these works will be especially useful in planning and implementing similar projects
throughout the Yukon River drainage. The following recommendations are suggested for the sites on an
individual basis.

Site B:

1. The location of this channel in relation to the Mclntyre Park campsite provides the potential
to make this into an interpretive site. It may be desirable to promote education via signage at
the campsite (indicating how to get to the site via walking) and signage along the channel
(describing the project and the rationale for the works). This would also be an opportunity to
credit the funding agencies of the project. The Village of Mayo and the NND should work
collaboratively on such an effort.

Site E:

1. The area of spoil material adjacent to the groundwater channel should be planted with spruce.
The mounds of dirt are higher than the adjacent deciduous vegetation; therefore, they provide
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an excellent microsite for conifers. Due to the lack of nursery stock of Yukon origin
conifers, it is recommended that small conifers from the adjacent fireguard be transplanted
and livestakes of willows be planted via bioengineering.

2. Woody debris should be placed strategically in pools to provide some hiding cover for fish.
Wood can be brought in from adjacent areas (i.e. the fireguard via hand and ATV) and
should be placed in a manner that provides cover and allows for minimal movement and
catchment of debris (i.e. trees with branches with the trunk on bank lodged between
vegetation with the realization that some movement may occur).
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APPENDIX A:

Survey Information
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APPENDIX B:

Long Term Monitoring Plan
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o Fish Sampling — if after 2 years the channels are physically functioning as designed and
patterns of juvenile chinook use are clear, the frequency of the low intensity sampling
events may be reduced or discontinued.
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Appendix C

Minnow Trap Data
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November Sampling Results

Date Water Chinook
Temp Oxygen Ice Trap . Capture Rate
Site (° C) (mg/L) ‘S’:tfr: Clc:::er Depth | Discharge T':p CaFItsurll'e d (# captured / Comments
(c'r"n) (cm) (mls) Effort P hour /
Set Pull | Set | Pull | Set | Pull (h) minnow trap)
42 chinook .
N 1 2375 avg length = 176 Water flow much higher on
B1 ov Nov 25 | NA 8 NA o5 Patchy 2 Not 71 mm Nov 10 due to surface water
9/04 10/04 ) recorded 12 chinook entering from the top of the
2 24 cninoo 0.50 channel.
1 sculpin
29 chinook
Nov 1 23.25 | avglength = 1.25
Nov 10/04 0.24 65 mm Water flow higher on Nov
B2 1 904 55| 25 | 84 1111 95 None 0 (Nov 10) 2 chinook | NA (faulty trap | 11 as described B1 above
2 23.25 | avglength = caused fish to
63 mm escape)
19 chinook
1 23.83 | avglength = 0.79
Nov Nov Not 65 mm Water flow higher on Nov
B3 | o4 | 1004 | 4 | 2 |82 |105] €0 None 0 recorded 13 chinook 11 as described B1 above
2 23.83 avg length = 0.55
71 mm
Nov Nov Not Very little water flow on Nov
B4 9/04 10/04 25 1 93 | 11.2 77 Covered 20 recorded 1 23.83 None 0 11, more on Nov 12
24 chinook
23.75 | avglength = 1.01
Nov Nov Not
m 9/04 | 10/04 1 NA | 13 | NA a7 Covered 70 recorded 2 65 mm Lots of flow
23.92 6 chinook 0.25
Nov Nov Covered (with Not 16 chinook
T2 /04 10/04 1 NA | 123 | NA 87 3cm of water 25 recorded 1 23.33 avg length = 0.68 None
on ice) 67 mm
Mi | NVl NA [ NA| NA | NA | NA | NA Partial NA NA NA | NA Safety concerns with thin
9/04 coverage . :
Nov along ice did not allow for
M2 /04 NA 1 NA 12 NA NA shoreline 3 NA NA NA NA NA sampling
Nov Nov .
E1 11/04 12/04 0.9 NA 5 NA 50 covered 20 NA 1 22 6 chinook
Nov Nov 6 chinook avg
E2 11/04 | 12/04 1 NA 5 NA 35 covered 20 NA 1 22 length 58 mm 0.27
g3 | Nov | Nov i 5 | naA | 48 | NA| 10 covered 10 NA 1 22 0 Shallow area
11/04 | 12/04 )
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February Sampling Results

Water :
Site bate Temp Oxygen | Water O Dleceth Discharge UETD frep sk c:;nc(;d:ucr:stlu I:?)l?ra/t © Comments
(°C) (mg/L) | Depth | Cover P 9 # Captured P
(cm) (cm) (ml/s) Effort minnow trap)
Set Pull Set | Pull | Set | Pull (h)
Feb Feb .
B1 17/05 18/05 - - - - 142 Covered 75 - 1 20 7 chinook 0.35/hour
Feb Feb .
B2 17/05 18/05 - - - - 63 Covered 62 - 1 20 2 chinook 0.1 /hour
Feb Feb
B3 17/05 18/05 - - - - 78 Covered 48 - 1 20 0 0
B4 - - - - - - - - - - - - - - -
Feb Feb
T2 17/05 18/05 - - - - 90 Covered 105 - 1 19 0 0
M1
M2
E1
E2
Feb Feb
E3 17/05 18/05 - - - - 50 Covered 100 - 1 22 0 0
EDI Project #: 04-YC-0013 EDI Environmental Dynamics Inc. 39




2004 Lower Mayo River Chinook Habitat Restoration — CRE 19N-04

March Sampling Results
Date Water Chinook Capture
Temp Oxygen Ice Trap . Rate
Site (°C) (mg/L) LLELTT 20 Depth | Discharge Trap AL (# captured / Comments
e N (cm) (m/s) e Effort R hour / minnow
Set Pull | Set | Pull | Set | Pull (&) (h) trap)
March | March
B1 405 5 /05 0.9 11.5 178 Covered 85 - 1 20.5 5CH 0.25
March | March
B2 405 5 /05 1.0 - 124 - 100 Covered 49 - 1 21 0 0
March | March
B3 4 /05 5 /05 - - - - 113 Covered 20 - 1 21 4 0.19
B4 - - - - - - - - - - - - - - -
R March ) 0.8 ) 12.4 ) 105 Covered 46 ) ) ) ) } Too much cgrrent for
4/05 sampling
March | March
T2 4 /05 5 /05 0.5 11.9 110 Covered 65 - 1 20 0 0 In current
M1 - - - - - - - - - - - - - - -
On right bank in current (i.e.
M2 '\ﬁ%csh '\g%%h 09| - |126] - | 155 | Covered | 80 ; 1 21 0 0 not the pool below the
bridge)
March | March -
E1 4 /05 5 /05 1.3 - 3.6 - 162 Covered 49 - 1 21 0 0 At upper limit of pool
March | March .
E2 4 /05 5 /05 1.2 - 4.7 - 148 Covered 61 - 1 21.7 0 0 Pool 2 lower limit
March | March
E3 4/05 5 /05 1.2 - 6.0 - 152 Covered 105 - 1 23.3 0 0
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