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ABSTRACT

In 2004, restoration of a side channel and improvement of a groundwater fed channel on the lower Mayo
River was completed.  Year three of a long term monitoring project assessing physical and biological
aspects of each restored channel was completed in 2007. Results were relatively consistent with previous
years, with numerous juvenile chinook salmon captured in the side channel (Site B) and low number of
chinook captured (0 in 2007) in the groundwater channel (Site E). Site B appears to be most valuable to
juvenile chinook during the fall/early winter sampling events. Physical assessment of Site B indicates that
there was a low rate of change in the channel bed (laterally or vertically) between 2005 and 2007 compared
to the changes found in the first year following restoration (2004-2005). Additional monitoring is required
to confirm patterns found in 2005, 2006 and 2007 to determine the long-term merit of these works.
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1 INTRODUCTION

The Mayo River flows into the Stewart River near Mayo, YT (Figure 1). Prior to construction of the

Wareham Dam in 1952, the Mayo River provided significant spawning and rearing habitat for Chinook
salmon (Onchorhynchus tshawytscha).  Buchan (1993) compiled local and Traditional Knowledge which
indicated that chinook salmon were historically observed as far upstream as Roop Lake located upstream of
Mayo Lake. Kendel (1973) noted that, prior to the construction of the Wareham Dam, the main spawning
grounds were located at the outlet of Mayo Lake. After construction of the dam the amount of habitat that
was accessible to Chinook salmon was drastically reduced.

In 2003, an analysis of historic air photos for the area below Wareham Dam suggested that construction and
possibly the operation of the dam had reduced the length of secondary channels (Tobler and Miles 2004).
In turn, this reduction of secondary channels was thought to have decreased the rearing opportunities for
juvenile Chinook salmon. As such, options to mitigate these impacts through the restoration of side and
back channels and/or development of groundwater channels were investigated. Several sites were identified
for possible restoration.

Two sites (B and E) were chosen for a pilot restoration project in 2004. These were selected because it was
thought that the deepening of these secondary channels would create high quality rearing habitat during
most flow conditions. Site B was a 10 m wide side channel that typically became dry during low flow
conditions. During summer low flows, evidence of hyporrheic flow (pockets and pools of cold water) was
present throughout this channel (Tobler and Miles 2004). This channel was selected for restoration due to
its accessibility, groundwater recruitment capability, and high likelihood of providing juvenile chinook
habitat through excavation into the hyporrheic zone. Site E was a year round groundwater fed channel
located in an old side channel of the Mayo River. Prior to construction, the majority of the channel was
shallow (10-30 cm depth), and flowing through a mix of organics, gravel and fine sediments (fines and
organics over a gravel base). Site E was chosen due to the reliability of year round groundwater flow and its
potential as a rearing area for juvenile Chinook salmon.
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Photo 1: Site B (left) and E (right) prior to restoration (July 2003).

Excavation works were conducted on both sites in the fall of 2004. Specific locations within both sites were
deepened in order to create potential rearing and over-wintering habitat for juvenile chinook salmon. Site B
was lowered for a 240 m long stretch with the creation of pools at naturally occurring depressions (Figure
2). The site was isolated during construction and excavated material was trucked off site (refer to Tobler
and Schonewille 2005 for complete construction details). To facilitate these works, a temporary access road
to the channel was constructed. Following excavation works, the stream bank in this area was rebuilt,
incorporating an appropriate bioengineering technique (brush layers), and the access road was grass seeded.

Site E was excavated in the locations of three existing shallow pools with little or no fish habitat value
(Figure 3). These locations were excavated to a greater depth (up to 2 m) in order to create potential fish
habitat. Pre-existing shallow riffles between the pools remained untouched as they were deemed to be
functioning well. Refer to Tobler and Schonewille 2005 for complete construction details.

A multi-year post construction assessment program of sites B and E was implemented beginning in 2005
(Tobler and Power, 2006) and continued through 2006. Monitoring stations in the Mayo mainstem and a
natural side channel were included in order to offer comparative results for the project. This report presents
the results of the 2007 monitoring works only.

1.1 LOCATION OF STUDY AREA

The study sites are located on the Mayo River between the Stewart River and the Wareham Dam, in the
vicinity of the Village of Mayo (Figure 1). Site B is located approximately 1.5 km upstream from the mouth
of the Mayo River and is accessed from the road to the sewage lagoons on the west side of the river. Site E
is situated approximately 5 km upstream of the Stewart River and was accessed via a recently established
fireguard across the Silver Trail (highway) from the Mayo Airport. Site T (a natural side channel) is adjacent
(east) to Site B and was accessed using the same route. Site M (Mayo River mainstem) was accessed via
roads in the vicinity of Mayo.
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1.2 PROJECT OBJECTIVES

The objectives as listed in the original proposal of this 2007 monitoring project included:
1. Continue to assess physical and biological performance of 2004 juvenile chinook restoration works.

2. Provide training, stewardship, employment opportunities, generate interest and build capacity in the
NND and Mayo community.

3. Provide data to refine designs for similar future projects in the Yukon River Drainage.

Due to the long term nature of the project, this report serves to present and summarize the data collected
during 2007 with very limited discussion of the results.
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2 METHODS

The 2007 monitoring works were generally derived from the ‘Long Term Monitoring Plan’ developed in
March of 2005 (Tobler and Schonewille 2005). Monitoring works can be separated into the following
components, the details of which are described in the following sections:

=  Flow Data;
* Channel Stability Monitoring (including survey and photographic reference);
* Biological Sampling (including high and low intensity sampling events);
* Daily Water Temperature Monitoring;
= Bioengineering Monitoring.
The timing of the significant events is depicted in Table 1.

Table 1: Sampling schedule.

Month Low Intensity High Intensity Channel Monitoring — Channel Monitoring - Bioengineering
Biological Sampling Biological Sampling Photographic Reference Surveying Monitoring
April v
June v
July v
August v v v v
September v
October v
December v

2.1 FLOW DATA

Flow data at the Wareham Dam was provided by Yukon Energy. This data presents average daily flows
(m’/sec) through the turbines as well as flows over the spillway. These numbers were combined to obtain a

total average daily discharge of the Mayo River.

In addition, channel discharge was field measured (when feasible) at the two restored sites in association
with the biological sampling events. Velocity was measured by recording the time it took a floating piece of
wood to cover a specific distance. Velocity (m/sec) was multiplied by the average depth (m) and wetted
width (m) of the stream channel in this area to determine an approximate discharge (m’/sec).
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2.2 CHANNEL STABILITY MONITORING

Physical monitoring of the channels in 2006 included photographic reference and survey works.

2.2.1 HORIZONTAL STABILITY

Photographic reference was completed at a number of fixed locations. The locations of these points are
indicated on Figure 2 - Figure 3 and described in Table 2 - Table 3.

Table 2: Photo reference points (Site B).

Photo Point Number Tie Point Location Direction of Photo (s)
Adjacent to the 50 ker (from the middle of th
P1 jacent to the 50 m marker (from the middle of the Downstream and Upstream
channel)
P2 From the 100 m marker on right bank Downstream
P3 From the 100 m on left bank Cross stream (towards bioengineered bank)
Adjacent to the 160 m marker (from the middle of the
P4 Upstream
channel)
P5 Adjacent to the 250 m marker (from the middle of the Downstream and Upstream
channel)
Table 3: Photo reference points (Site E).
Photo Point Number Tie Point Location Direction of Photo (s)
From survey stake marker on the left bank, below
P6 Upstream
downstream most pool.
P7 From survey stake mark'er on the right bank, upstream of Downstream
middle pool.
P8 From the survey stake marker, downstream of the Upstream

upstream most pool.

At Site B, five cross-sections of the stream channel were surveyed with a level and rod (August 28" — 30™).
This included the field marked locations; Pool 4, 70 m, 140 m, 190 m and 210 m. It should be noted that all
these sites were also surveyed in 2006. Each cross-section was completed with the surveying level
positioned at a fixed point. Elevations were recorded using a level and rod along the cross-section by
measuring the distance from a tape strung out between two field markers, one located on each bank.

In 2005 at Site E, a framework was established marking every 10 linear m with labeled survey stakes, one on
each side of the stream channel. The paired stakes at each distance were driven into the ground such that
they were at the same elevation (confirmed using the surveying level and rod). A measuring tape was tightly
strung between the two stakes to form a horizontal reference point. The distance between the measuring
tape and the ground/stream bottom was measured every 1.0 m across the channel. The distance and the
vertical elevation were entered into Microsoft Excel to generate cross sections.
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2.2.2 VERTICAL STABILITY

At Site B, a thalwag profile of the channel was surveyed using a level, rod and measuring tape. A 315 m
long section of the channel was surveyed, including the entire restored area (240 m). The additional area
covered included 20 m directly downstream and 55 m directly upstream of the restored area. These survey
works were completed between August 28" and 30", 2007.

Pre/post-construction survey data and field markers wetre used to tie in the 2007 thalweg survey. Field
markers are present every 10 m (linear distance) on the channel banks, and elevation markers are tagged
with numbers (refer to Tobler and Schonewille 2005 for details on marker locations and elevations). A
surveying level was set up in or in close proximity to the channel. Shots were then made to elevation
markers to gain a reference elevation. A measuring tape was laid out along the channel between field
markers. Points along the thalwag (deepest part of the channel) were recorded for elevation and distance.
Later in the office, the elevations of each point collected in the survey was plotted against the pre and post
construction (2004), 2005 and 2006 data using Microsoft Excel.

Data pertaining to the vertical changes to the channel was also collected during the cross section
components at both Site B and E. The methods for these works are described in Section 2.2.1.

2.3 WATER QUALITY MONITORING

Water Quality data included field sampling for water temperature and dissolved oxygen.

‘ 2.3.1 WATER TEMPERATURE MONITORING

StowAway Tidbit temperature loggers were deployed at the approximate midpoints of the two restored
channels (Sites B and E) as well as in the Mayo River mainstem (Table 4). All loggers were programmed to
collect houtly temperature data and were deployed in accordance the Yukon River Panel protocols for the
collection of data using temperature loggers (YRP 2007a). Data was downloaded from the Sites B and E;
however, the logger from the Mayo River could not be found.

Table 4: Temperature logger details.

Logger Detailed Location Deployment Details
Deployed: Sept 17, 2006
Site B Approximate midpoint of restored channel Recovered: Oct 9, 2007

Deployed: Oct 10, 2007
Deployed: May 15, 2007
Site E Approximate midpoint of restored channel Recovered: Oct 9, 2007
Deployed: Oct 10, 2007
Deployed: Sept 17, 2006
Mayo River Under bridge on Silver Trail Recovered: NA

Deployed: Oct 10, 2007
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In addition to the temperature logger data, water temperature was also recorded at monitoring stations
during biological monitoring events using a conventional digital thermometer.

‘2.3.2 DISSOLVED OXYGEN MONITORING

Dissolved oxygen was recorded at monitoring stations during all biological monitoring events with the
exception of the July and August events using an Oxy Guard Handy Beta Oxygen Meter (calibrated on each
day of use) and/or a CHEMets Dissolved Oxygen kit.

2.4 BIOLOGICAL SAMPLING

Biological sampling events were separated into ‘High’ and ‘Low’ intensity sampling efforts scheduled to gain
an understanding of the dynamics of presence, abundance and timing of use by juvenile Chinook salmon.
To achieve this, sampling stations were selected in the restored habitats as well as in control habitats
(Figures 4 and 5).

High intensity sampling was completed in April, August and December of 2007. Two Gee-type minnow
traps were set at each sampling station according to the Yukon River drainage protocol for capture of
juvenile chinook (YRP 2007b). Fish were identified, counted, and released. In addition, a representative
portion (all or at least 10 per trap) of the juvenile Chinook captured at each station were measured for fork
length. A biologist from EDI Environmental Dynamics Ine. (EDI) assisted by local fieldworkers completed the
high intensity-sampling events.

Low intensity sampling of selected stations was completed in June, July, September and October. One
baited minnow trap was set at each station as per the Yukon River drainage protocol for the capture of
juvenile Chinook (YRP 2007b). Fish were identified, counted and released. In addition, a representative
portion (all or at least 10 per trap) of the juvenile chinook captured at each station were measured for fork
length. Sampling events during April, August, October and December were completed by a biologist from
EDI and local fieldworkers, whereas the remaining low intensity sampling events (June, July, and
September) were completed solely with local resources.

2.5 BIOENGINEERING

The success of bioengineering works completed at the access point of Site B was evaluated based on the live
growth of the willow cuttings (Sa/ix sp.). The total number of cuttings originally planted and the number
cuttings with live growth were recorded for each of the three rows of brush layers. Also, a visual evaluation
of the success of grass seed and soil stability on the access road was completed.

Project # 07-YC-0012 EDI ENVIRONMENTAL DYNAMICS INC. 14 of 28









Lower Mayo River Chinook Habitat Restoration — Assessment of Juvenile Habitat (Year 3) 3

3 RESULTS

The results for each component of the project are described in the following sections (3.1 to 3.5).
3.1  FLOW DATA

Figure 6 illustrates the discharge of the Mayo River at the Wareham Dam as collected by Yukon Energy
during the 2007 calendar year. Note that the period of relatively low flows over the period of October 16"
— 18" were a result of maintenance operations and the flows shown are accurate (Gee pers. comm. 2008)
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Figure 6: 2007 discharge data for the Mayo River (at Wareham Dam).

3.2 CHANNEL STABILITY MONITORING

The results of the three physical monitoring events are outlined in the sections below.

3.2.1 HORIZONTAL STABILITY

The results from the photo documentation component of the project are shown in Appendix A. No
obvious erosion or change to the channel banks were observed during 2007. There was a slight change in
the distribution of woody debris present within Site B (at the upstream end; Appendix A, photos 17 & 18);
however, it appears as though the total amount of woody debris is similar to 2005 post construction levels.

Cross sections of Site B (Appendix B) indicate minimal channel bed shifting from 2005 to 2007. The cross
sections show that there may have been slight modifications to the channel banks. Cross sections of Site E
(Appendix C) also indicate very little channel bed shifting has occurred from 2005 to 2007.
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3.2.2 VERTICAL STABILITY

The results of the thalweg survey conducted in 2007, compared to pre and post-construction 2004, 2005
and 2006 results, is presented in Figure 7. The 2007 thalweg profile shows a similar pattern to that found
during the 2005 and 2006 survey works, with one exception. The lower portion of the channel (below the
150 m mark) appears to have eroded slightly since the 2006 survey works. The Site B cross sections
(Appendix B) indicate that there may have been minor vertical adjustments to the channel.
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Figure 7: Thalweg profile of Site B.

The cross sections of the deep pools within Site E (Appendix C) indicate that these portions of the channel
may have become deeper since the 2006 surveying event. However, it is possible that this is due to slight
inconsistencies associated with surveying the portions of the channel.

3.3 WATER QUALITY

Water quality data for temperature and dissolved oxygen is presented in the following sections.

3.3.1 WATER TEMPERATURE

Downloaded data from the temperature loggers is presented in Figures 8-9. At Site B, water temperatures
were quite stable in the winter and steadily increased from early May until late July. Water temperatures
decreased steadily from early August until late November (Figure 8).
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Figure 8: Site B water temperature data (downloaded October 2007).

Water temperatures in Site E typically ranged from 4-8 °C from June to September, and gradually decreased

during the fall and early winter (Figure 9). Notable daily fluctuations were common from May to
September.
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Figure 9: Site E water temperature data (downloaded October 2007).
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Water temperature data collected in the field is presented in Table 5. During the open water season (May to
September) water temperatures in Site B and Site T were generally quite similar. However, water
temperatures were slightly warmer in Site B than Site T in April, October and December.

Table 5: Field measured water temperatures at field monitoring stations.

Date Bl B2 B3 B4 El E2 E3 T1 T2 M1 M2
17 - Apr 0.5 1 0.8 25 0.8 - 0.7 - 0.4 - 0.4
12 Jun 113 115 115 1138 109 71 6.7 118 118 124 135
30— Jul - - - 18 - - - - - - -

28— Aug 125 125 134 134 48 46 4 134 128 137 134
28— Sep 53 56 56 5.7 2 18 11 5.6 5.7 - 5.7
10 — Oct 2.7 3 32 32 1.9 2 22 2.7 2.6 2.6 2.7
12— Dec 14 14 13 16 - - - 0.2 0.2 03 -

3.3.2 DISSOLVED OXYGEN

The results from the dissolved oxygen monitoring are presented in Table 6. Of interest were the low
oxygen levels in Site E throughout the year.

Table 6: Field measured dissolved oxygen levels at field monitoring stations.

Date B1 B2 B3 B4 El E2 E3 T1 T2 M1 M2
17 - Apr 12 6.8 10.4 12.2 1.6 - 4.7 - 14.5 - 11.9
28 — Sep 9 9 9 9 - 5.5 5.5 8 8 - 11.9
10 — Oct 7.8 6.7 6.7 6.4 13.91 4.2 4.1 12.9 10.8 13.5 13.9
12 — Dec 6 6 6 5.5 - - - 6.5 6.5 7 -

1'This value appears to be erroneous and may be a result of a faulty DO meter.
3.4 BIOLOGICAL SAMPLING

Capture rates of juvenile chinook from all sites throughout 2007 are presented in Table 7 and Figure 10.

Table 7: Capture rates of juvenile chinook salmon during high intensity sampling events (number captured per trap
hour; NS = not sampled).

Date B1 B2 B3 B4 El E2 E3 T1 T2 M1 M2
April 0.00 0.00 0.00 0.00 0.00 NS 0.00 NS 0.00 NS 0.00
June 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.05
July 0.62 0.00 0.13 0.13 0.00 0.00 0.00 0.04 0.00 0.00 0.09
August 0.44 0.21 0.28 0.61 0.00 0.00 0.00 0.17 0.29 0.00 0.06
September 2.35 0.93 0.62 1.71 0.00 0.00 0.00 0.82 1.13 NS 0.19
October .83 0.67 0.75 NS 0.00 0.00 0.00 0.50 0.00 0.00 0.42
December 1.83 3.34 1.87 2.37 NS NS NS 0.02 0.02 0.07 NS
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Figure 10: Juvenile chinook salmon capture rates from each monitoring location (not including B4).

At Site B, notably high capture rates of juvenile chinook salmon occurred in September and December
whereas the highest capture rate in Site T occurred during September. Very low numbers of chinook were
captured in the Mayo River mainstem (Site M) and none were captured in Site E during 2007.

During the majority of the year (except September), the average fork length of juvenile chinook salmon
captured was lower in Site B (B1, B2, B3) compared to control sites (T1, T2, M1, M2; Table 8).

Table 8: Average fork lengths of juvenile chinook salmon captured at each monitoring station.

Age of
Date Juvenile B1 B2 B3 B4 E1l E2 E3 T1 T2 M1 M2
Chinook!

April 1+ - - - - - - - - - - -

0+ - - . . - - - - - - 55.0
June

1+ - - - - - - - 90.0 - - -
July 0+ 69.6 - 67 70 - - - 70 - - 71.5
August 0+ 65.5 65.2 66.8 65.1 - - - 66.6 72.9 72.3 72.3
September 0+ 69.7 72.5 72.4 69.1 - - - 70.5 69.4 - 72.5
October 0+ 79.8 81.7 84.3 - - - - 85.1 - - 84.0

December 0+ 72.8 69.6 69.7 70.8 - - - 68.0 78.0 71.5 -

1Age determination made during June using fork length designation in Duncan and Bradford 2003.

3.5 BIOENGINEERING

Of the 209 willow cuttings originally planted, a total of 94 (45%) had live growth. The portion of the access
area which was grass seeded appears to be well established and no areas of obvious erosion were noted. It
also appears as though natural recruitment of native shrubs (i.e. — willow) is beginning to take place.
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4 DISCUSSION & RECOMMENDATIONS

Due to budgetary constraints and the long term nature of the project, an in-depth analysis of the results of

this project was not completed in 2007. Following the completion of the five year monitoring program in
2009, an in depth analysis of the data collected over the duration of the project will be completed to further
understand the value and lifespan of such restoration works. The summary report completed in 2009 will
allow for the refinement of designs for future projects of a similar nature in the Yukon River drainage.
Despite this, the following are some notable findings from the 2007 monitoring program:

* The thalwag survey conducted at Site B during suggests that the lower portion of the channel has
decreased in elevation (i.e. — eroded due to spring freshet flows in the channel). Other than this
section, both restoration sites did not undergo a substantial change compared to the notable
readjustment seen in 2005 at Site B (the year following construction).

* As in previous years, water temperatures within Site B appear to be impacted by surface water inflow
from the mainstem of the Mayo River which reduces the influence of groundwater discharge within
the channel.

® As in previous years, capture rates of juvenile Chinook salmon were highest in Site B during the fall
and winter months when water temperatures are warmer within the channel than control areas.

® As in previous years, juvenile Chinook captured in Site B during most sampling events had lower
average fork length compared to Site T (not statistically tested for 2007 data).

For additional background/discussion on the patterns that are consistent with previous years results (listed
above), refer to Tobler (2007) and Tobler and Power (2000).

In addition to the data collection component, the project was able to provide training, stewardship
opporttunities, and generate interest / build capacity within the NND community. This was accomplished
through the involvement of NND Lands & Resources staff and community members in all sampling events.
In addition, a number of the low intensity sampling events were completed solely with local resources under
the guidance of the project biologists.

It is recommended that the data collection associated with monitoring this restoration project over the past
three years be continued. Given the results of the 2007 monitoring, the 2008 monitoring should be
completed using a similar approach with the following modification.

® The first sampling event of the year should be completed as early in the year as possible (i.e. — early
April) to further understand the dynamics of rearing juvenile Chinook within the restored habitats
(particularly Site B) during the winter months. The main goal with this change is to attempt to
capture juvenile 1+ chinook in Site B which may help confirm that chinook spend and make it
through the entire winter in this location.

Project # 07-YC-0012 EDI ENVIRONMENTAL DYNAMICS INC. 22 of 28



Lower Mayo River Chinook Habitat Restoration — Assessment of Juvenile Habitat (Year 3) @

5 REFERENCES

Buchan, L. 1993. A Local Survey of Historical Knowledge of Salmon in the Mayo Area, Yukon Territory. Prepared for

the Mayo District Renewable Resources Council.

Duncan, J., M. Bradford. 2006. Yukon River [uvenile Chinook Salmon and Chum Salmon Out-  migration Timing
and Sampling Characteristics as Determined nsing a Rotary Screw Trap (2004). Prepared for the Yukon River Panel.

Kendal, R.E. 1973. The Effect of the Hydro Dam on the Mayo River Fish Stocks. Prepared fro the Dept. of Env.
Fish. Service Northern Division. Whitehorse, YT.

Tobler, P. 2007. Lower Mayo River Chinook Habitat Restoration — Assessment of [nvenile Habitat (Year 2).
Prepared from the Yukon River Panel and the First Nation of the Na-Cho Nyak Dun. Prepared by EDI

Environmental Dynamics Inc.

Tobler, P. and M. Power. 2006. Lower Mayo River Chinook Habitat Restoration — A Post Construction Assessment
(2005). Prepared from the Yukon River Panel and the First Nation of the Na-Cho Nyak Dun. Prepared by

EDI Environmental Dynamics Inc.

Tobler, P. and B. Schonewille. 2005. Lower Mayo River Chinook Habitat Restoration (2004).  Prepared from
the Yukon River Panel and the First Nation of the Na-Cho Nyak Dun. Prepared by EDI Environmental
Dynamics Inc.

Tobler, P. and M. Miles. 2004. Lower Mayo River Chinook Habitat Restoration (2003). Prepared from the
Yukon River Panel and the First Nation of the Na-Cho Nyak Dun.  Prepared by EDI Environmental
Dynamics Inc. and M. Miles & Associates Ltd.

Yukon River Panel. 2007a. Protocol for the Collection and Submission of Data Collected by Hobo™, Stowaway™ or
Tidbit"™ Brand Data 1.gggers for Canadian R&>E Projects.

Yukon River Panel 2007b. Protocol for the Collection and Reporting of Data from Juvenile Salmon — Sampled in
Canadian R&>E Projects.

Project # 07-YC-0012 EDI ENVIRONMENTAL DYNAMICS INC. 23 of 28



Lower Mayo River Chinook Habitat Restoration — Assessment of Juvenile Habitat (Year 3) @

Appendix A. Photo Documentation
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